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1. Introduction 

This chapter provides an overview of the study. It first outlines the motivation for the research 

followed by the positioning of the study. It then provides the background of and inspiration for 

the study, as well as the research rational and the research purpose and objectives. Further, it 

provides the selected research keywords and outlines the significance of the research. 

Subsequently, the research problem, context and research gap are identified. The potential 

contributions of the study for different target groups are provided. An overview of the study 

and roadmap of the chapters are provided. Next, the literature review section and the research 

methodological and design are presented. Figure 1 provides a schematic overview of key 

elements presented in the introduction. 

Figure 1: Schematic representation of key elements of introduction chapter 

1.1. Motivation for Research 

Supply chain risk management (SCRM) plays a vital role in effectively operating and managing 

supply chains in the presence of uncertainties. Numerous studies and sources of reported public 

information have highlighted the importance of SCRM in today’s global economies. This is 

manifest in the increasing number of natural and man-made disasters globally. This has further 

underlined the vulnerability of modern global supply chains. Unfavourable business practices 

in the management of supply chain risks have exposed many companies around the world to 

regulatory penalties, significant disruption delays, material negative financial impacts and 

other negative business consequences. 

During my professional career, apart from general management tasks, I was over the last 20 

years intensively involved in supply chain management for several global organizations. I saw, 

directly and indirectly, negative supply chain events triggered by natural or man-made 

catastrophic events or inappropriate SCRM practices, techniques, methods and tools applied 

along process frameworks, lead to great impacts in the nodes of the respective global supply 
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chains—to name just a few, factory fires, factories shaken by earthquake, severe acute 

respiratory syndrome (SARS) disruptions, and operational and financial network participant 

issues. The importance of top-level management support for SCRM, and their understanding 

of the subject matter, was a constant companion in all those years. The increasing complexity 

of today’s supply chains—partially driven by globalization, optimization, institutional changes, 

new technologies, and specific macro and micro trends for manufacturing systems—

undoubtedly influence the management of modern supply chains. Additionally, no supply chain, 

operations or logistics system is totally immune to disruptions, and this provided the motivation 

to investigate, from academia and practitioners’ perspective, the current situations and issues 

in SCRM. 

This research looks at the selected field of SCRM, with an explanatory theory approach, at 

what individuals of the target population (employees of companies in manufacturing, transport 

& logistics companies) do, how they do it and why they do it. Information on the motives 

driving human behaviour is used in social sciences and a variety of other fields in which it is 

important to understand and influence behaviour. 

The purpose of this study is to provide description, prediction, and explanation/understanding 

to answer identified research questions by investigating—based on an established conceptual 

model to test hypotheses and evaluate—the impacts of external factors on individuals’ internal 

beliefs, attitudes and intentions. The dependent variables for this study are attitude towards 

using SCRM (A), intention to use SCRM (IU) and actual use of SCRM (AU). The stimulus for 

those external factors are selected independent variables, with the organism for the cognitive 

response for defined mediating variables influencing the outcome on behavioural response for 

the dependent variable, SCRM practices. The mediating variables are perceived ease of use of 

SCRM (PEOU), perceived usefulness of SCRM (PU) and perceived risk of catastrophic events 

(PRCE). The selected stimulus for the independent variables are level of understanding (LOU) 

and management support (MS).  

• Level of understanding (LOU) was selected because having overall knowledge and 

understanding of SCRM practices, tools and techniques is a fundamental element that 

any SCRM practitioner would need to possess in order to adequately use SCRM in 

practice.  
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• management support (MS) was chosen because the important role of management has 

been greatly emphasized in the supply chain literature; in addition, often management 

are the most cognizant of the firm’s strategic imperatives, as they manage resources 

and opportunities available to individuals, provide commitment and support, and dictate 

to some extent the likelihood of behavioural achievement.  

The definitions of those constructs can be summarized as follows: 

• level of understanding (LOU) of SCRM: the degree to which an individual believes that 

she/he possesses adequate understanding using a particular system  

• management support (MS) of SCRM: the degree to which an individual believes that 

she/he obtains sufficient management support, resources, training, time allocation and 

encouragement to use a particular system. 

Although the benefits of risk management are not easy to quantify, it is believed that enhancing 

knowledge and directing educational and support efforts will, as well as contributing to 

communication and theory development among stakeholders in the field of SCRM, benefit 

academia and practitioners. 

1.2. Positioning of the Research Study 

The purpose of this study is to empirically analyse and quantitatively test hypotheses. The study 

will use a cross-sectional research survey as its data collection method to investigate SCRM 

practices in Singapore companies. The study further aims to provide insights and clarity into 

how level of understanding (LOU), management support (MS) and perceived risk of 

catastrophic events (PRCE) influence SCRM practices in Singapore manufacturing companies 

and transport and storage companies. This study aims to enhance understanding and intends to 

help to improve the communication of SCRM among managers, technical experts, 

policymakers and the public. 

The study focuses on SCRM, which is pictorially located at the interception of a firm’s risk 

management approach and its supply chain management, located under an overall umbrella of 

a firm’s overall enterprise risk management system, as depicted in Figure 2. 
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SCRM is an increasingly important research field for academics and practitioners who wish to 

make contributions to knowledge and have an impact on business. Recent major supply chain 

interruptions originating from natural or man-made disasters, such as the 2011 tsunami and 

subsequent nuclear crises in Japan, as well as the devastating 2011 flooding in Thailand, 

illustrate how crucial SCRM is. These events caused major disruptions to a large variety of 

supply chains extending way beyond the directly affected areas (Chopra & Sodhi, 2014; Pettit, 

Croxton & Fiksel, 2013). In order to strengthen, and further contribute to, both academia and 

practitioners in the area of SCRM, the aim of this study is to discover key aspects of SCRM 

practices in Singapore manufacturing companies and transport and storage companies, which 

were not looked at in previous studies. 

 

Figure 2: Positioning of the research study 
Source: Adapted from Vilko, 2012 
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1.3. Background 

No supply chain, operations or logistics system network is completely immune to disruptions; 

therefore, it is of utmost importance to increase transparency and knowledge in the field of 

SCRM. Supply chains are set up, operated, managed and improved by organizations, 

individuals and regulatory bodies. Consequently, it is vital to understand participants’ issues 

relating to knowledge, support, perceptions, motivations, attitudes, intentions and behaviour, 

among other factors. These issues all relate to an organization’s and individual’s responses to 

SCRM. The concepts related to behaviour and attitudes are expressed by opinions that people 

have when they are asked in different forms to report their insights about risks and the use of 

particular technologies to manage risks.  

SCRM is a discipline of risk management, its complexity is partially driven by the high number 

of elements and actors and the dynamic nature of supply chains. A successful and proven 

approach to managing complexity is system thinking and system-oriented management. SCRM 

with a system-oriented view focuses on understanding supply chain risks as part of a complex 

system. This entails the understanding of what the important influencing factors are and how 

they are related, and it includes the understanding and treatment of aspects of supply chain 

events causing risks. A System itself for the purpose of this study is referring to a set of things 

working together as part of a mechanism or an interconnecting complex network, which 

includes a set of principles or procedures according to which something is done in an organized 

and coordinated scheme or method. This will help to enhance knowledge, directing educational 

and support efforts as well as contributing to the development of communication and theory 

among stakeholders in the field of SCRM. 

Therefore, it is important to examine factors relevant to understanding regulatory 

circumstances, external factors and approaches taken by organizations and individuals for their 

behaviour, as well as capacity to address, implement, manage or mitigate SCRM practices. 

External factors play a major role in people’s exposure, experience and uptake of particular 

technologies, as well as their adaption of particular improvement or prevention strategies. The 

frequency and scale of recent catastrophic events led to major disruptive events to supply chains, 

and the number of such events around the globe continues to grow (Coleman, 2006). These 

catastrophic events laid bare the devastating effects supply chain disruptions have across many 

industries and countries. SCRM covers the identification and assessment of risks which can 
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cause disruptions to a firm’s supply chain; it also entails the establishment of appropriate tools 

and mitigation actions to manage such risks (Rao & Goldsby, 2009; Tang & Musa, 2011). Risk 

management has been used in business for some time and is well known in areas such as finance 

or insurance (Tang & Musa, 2011). However, risk management of complete supply chains is 

relatively new and receiving increased attention from academics and supply chain practitioners 

(Thun & Hoenig, 2011). This can be attributed to factors that follow globalization, institutional 

changes, new technologies, specific trends for manufacturing systems, and the increase of 

catastrophic (natural or man-made) events.  

Everyday operational problems—such as supplier failures or defaults and supplier delivery or 

quality problems—also make SCRM an important field. It aims to mitigate the negative impact 

of disturbances and tries to manage risks within supply chains. Sodhi, Son and Tang (2012), 

among others, found gaps in the current literature on SCRM, indicating that there is no clear 

consensus on the definition of SCRM, a lack of commensurate research on responses to risk 

incidents and, finally, a shortage of empirical research in the area of SCRM. Common 

approaches for managing supply chain risk rely on knowing the likelihood of occurrence and 

the magnitude of impact for every potential event that could substantially interrupt a company’s 

operations. Such methods and quantification approaches work well when historical data are 

available to quantify the level of risk. However, for low-probability, high-impact events 

(catastrophic events), which have been prominent in recent years (e.g. hurricanes, epidemics 

like the SARS outbreak, tsunamis, earthquakes and forest fires), and which are often 

unforeseen and difficult to quantify, there is limited or no historical data for modelling using 

traditional concepts. Consequently, many organizations and individuals active in SCRM do not 

focus much on such events; therefore, they are not adequately prepared for them. This can have 

disastrous impacts when catastrophes do strike, forcing even well-established organizations to 

struggle. As highlighted in the World Economic Forum’s Global Risks Report 2017, 

interconnected environment-related risks—including extreme weather events, climate change 

and water crises—were consistently featured among the top-ranked global risks for the past 

seven editions of Global Risks Report. Environment-related risks again stand out in the 2017 

global risk landscape, with every risk in the category lying in the higher impact, higher 

likelihood range (Schwab, 2017). This again illustrates the importance of the subject area and 

the need for further knowledge enhancement in this field.  
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Although the numbers of journal articles published in the field of SCRM have steadily 

increased over the past several years, most published studies focus on the fundamentals of 

micro-risks—that is, disruptions reoccurring relatively frequently, mainly originating from 

internal activities of companies or its supply chain partners (Sodhi et al., 2012). In contrast, 

macro-risks (catastrophic events caused by natural or man-made disasters) are rare external 

events with substantially more significant negative impacts on companies (Ho, Zheng, Yildiz 

& Talluri, 2015).  

This study intends to close some of the gaps in the research by looking at behavioural factors 

among supply chain experts, the supporting conditions for the system use of SCRM and the 

mediating factors of macro-risks (catastrophic events) to address current research gaps in the 

field of SCRM practices. Given that supply risks and supply disruptions are emerging as a key 

management challenge, a first step is to investigate the key attributes of supply chain risk 

factors. The following paragraphs summarize those key attributes. 

1.3.1. Key Attributes of Supply Chain Risk Factors 

As reflected in the supply chain risk project report issued by the Supply Chain Council Risk 

Research Team, McCormack et al. (2008) stated that managing risks in the supply chain is 

increasingly challenging in today’s business environment, affected as it is by the vast 

complexity of supply chains and uncertainty it is exposed to, which can potentially turn into 

unexpected minor or major disruptions. In the past, supply chain managers were mainly 

concerned with reducing costs, reducing purchase price variances, defining reorder quantities 

and managing inventory (Diehl & Spinler, 2013). Today, continuity of the complete supply 

chain and logistics network is one of the biggest business drivers (Blos, Wee & Yang, 2010). 

A short summary of factors that contribute to the increased sensitivity and vulnerability of 

today’s supply chains is presented below. 

1.3.2. Globalization and Specialization 

Companies operating and expanding globally stand to gain market access, benefit from 

imposed policies, avoid tariffs, minimize duties or use advantageous infrastructure or 

manpower capabilities. The increased use of manufacturing, distribution and logistics partners 

globally, resulting in complex international supply network relationships with increased 
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numbers of network nodes, has led to higher exposure to risks in the supply chain. The 

geographical concentration of specific manufacturing or operations hubs within countries or 

regions has further contributed to systemic risks when a disruption occurs in such locations. 

Supply chains are becoming increasingly globalized as suppliers are located worldwide, some 

in regions that are environmentally, politically or economically unstable. As a consequence, 

supply chains have become more vulnerable. 

1.3.3. Institutional and Regulatory Changes 

The burden of financial reporting, corporate governance and ethics requirements—as well as 

the need to provide timely, transparent, comprehensive information to shareholders—has 

increased over past decades. Reporting requirements also include providing information on 

areas of substantial risk and a company’s intention to enter into major financial transactions.  

Mergers and acquisitions, in which firms intend to combine know-how or benefit from each 

other’s capabilities, often require new specific supply chain set-ups. Many companies have 

experienced a change in their supply chain risk profile as a result of changes in their business 

models and supply chain set-ups, which can both provide benefits and carry associated risks. 

1.3.4. New Technologies and Manufacturing Systems 

Many industries implement changes within supply chains and adopt different manufacturing 

systems and technologies. Changes can include, but are not limited to, outsourcing, make-to-

order, just-in-time, ship-and-merge and the emergence of new materials and improved 

manufacturing methods. The availability of modern information technology (IT) solutions for 

managing and controlling such complex systems are contributing factors for companies 

planning to expand their reach and supply chain capabilities more globally. Utilizing low-cost 

production capabilities and streamlining the supply base by reducing the number of suppliers 

to make supply chains leaner in order to gain competitive advantages inevitably carries certain 

risks. This is coupled with the drive for ongoing innovation and rapid development of new 

products—product life cycles are becoming shorter in many industries, and keeping up is 

essential to the success of a firm. At the same time, the protection of one’s intellectual property 

is a serious consideration in today’s global economy and carries risks in supply chain set-ups.  
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1.3.5. Natural and Man-Made Catastrophes 

The focus on SCRM can also be attributed to the increase in natural and man-made disasters 

seen over the past several years. Earthquakes, SARS outbreaks, tsunamis, economic and 

financial crises, terrorist attacks, and strikes or labour unrest, as well as changes in political 

landscapes, have repeatedly disrupted supply chains, thus requiring appropriate SCRM 

practices.  

1.3.6. Operational Problems 

Supplier failures, delivery or quality problems, reworks and delays in delivery of goods can 

cause tremendous financial losses to a company. The same applies to mismanaged supply 

chains, leading to excessive over- or under-stocking caused by market uncertainties or 

ineffective decisions due to lack of demand or supply visibility. Missed opportunities to 

increase the responsiveness of the supply chain, optimize scalability or recognize changing 

market trends or customer preferences can also severely impact a company’s performance and 

lead to heavy inventory write-downs or the firm’s inability to provide goods or services to end 

customers. 

1.3.7. Summary 

Many firms recognize that they can harvest competitive advantages by improving not only their 

internal efficiency but also the effectiveness, integration and proactive management of their 

complete supply chain. Today’s industrialized society is based on globalization and 

specialization, influences from regulatory changes, trends for new technology and 

manufacturing systems, and increasing natural and man-made disasters. Due to the increasing 

dependency of companies on their supply chains, related vulnerabilities pose one of the biggest 

risks to many organizations. Disruptions in supply chains can have severe negative 

consequences for the individual company, the supply chain participants, the environment and 

society. On the other hand, companies with the ability to handle disruptions of different kinds 

are able to benefit to a greater extent. In order to do so, they must be able to have knowledge 

of the risks and know how to handle them proactively.  
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SCRM is multidimensional and multifaceted, which makes this field exciting yet challenging. 

A firm’s management of supply chain risks is important at strategic, tactical and operational 

levels. Proactive management in this field can yield competitive advantages, which entail 

increased resilience to disruptions, improved customer responsiveness, cost-competitiveness, 

flexibility and scalability, and end user satisfaction, including the creation of a positive brand 

image. 

1.4. List of Keywords 

The following keywords are used in this thesis: SCRM; risk assessment; disruption risks in 

supply chains; business continuity; risk analysis; resilience strategies; perceived risk; 

management support.  

1.5. Research Purpose and Objectives 

While several important studies have been published on issues relating to SCRM, little 

empirical research has been conducted on SCRM practices in Singapore companies. The 

business sectors selected for this study—first, manufacturing and, second, transport and 

storage—form key industries in the Singapore context. Due to its strategic location, among 

other factors, Singapore is an important logistics hub and conduit for world trade.  

Singapore is home to one of the world’s most open economies, with the size of its trade about 

3.5 times its gross domestic product (GDP). With the rise of cross-border production networks, 

Singapore has come to play an integral role in global supply chains, with a heavy reliance on 

foreign contents in its exports and production sector. Singapore, with its small domestic market, 

is home to one of the world’s largest transshipment container ports, linked to more than 600 

ports worldwide. Singapore Changi Airport is continually voted among the best internationally 

and is served by about 6,800 weekly flights to 330 cities (Arbatli & Hong, 2016). Today, 20 of 

the world’s top 25 logistics companies manage their global or regional operations from 

Singapore (Lam, 2017). 

However, Singapore’s move upwards in the value chain, as evidenced by its exporting of highly 

sophisticated and economically complex goods, exposes it to increased vulnerabilities. 

Singapore’s growing participation in global production supply chains, proactive expansion 
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policies and rising export complexities are important determinants to those circumstances. 

Furthermore, as countries become more deeply integrated in global production chains, the 

breakdown of gross trade into its value-added components is beneficial in order to obtain 

correct trade statistics, (for more details see  

(Koopman, Powers, Wang & Wei, 2010; Koopman, Wang & Wei, 2014; Kowalski, Gonzalez, 

Ragoussis & Ugarte, 2015). This aspect is particularly relevant in Singapore. In fact, Singapore 

is a country with one of the highest share of foreign value-added contents in its exports: 40% 

in 2011 (OECD, Trade in Value-Added Data) (Arbatli & Hong, 2016).  

Its heavy dependency on external production, trade and markets exposes Singapore’s firms, 

among other risks, to a greater proportion of external political risks. Although new terms 

continue to emerge to explain ‘political risks’, no unified definition exists. Chermak (1992) 

defined ‘political risk’ as that which is affected by socio-cultural, political and economic 

phenomena. For Demirbag, Glaister, and Tatoglu (2007), political risk is an important 

dimension of the institutional environment, since multinational companies mainly face a new 

political system and set of rules in new locations. In the Singapore context, due to its limited 

capability and its limited capacity to use its political influence (because of its different 

jurisdictions), manufacturing and logistics firms are exposed to political, regulatory or policy 

influences that can present risks to its ability to produce or trade with other states. This is so 

despite Singapore being part of the Association of Southeast Asian Nations (ASEAN), which 

is a regional intergovernmental organization comprising 10 Southeast Asian countries that 

promotes intergovernmental cooperation and facilitates economic, political, security, military, 

educational and socio-cultural integration among its members and other Asian states. 

Additionally, to date Singapore has implemented 22 free trade agreements with other states; on 

its own, it is less able to rely on collective political action in response to hostile political acts, 

such as the potential imposition of trade barriers by a larger country or economic region. 

In this context, the foreign state’s regulatory environment may turn out to be a risk factor for 

its international business. The exposure to political risk is directly linked to political, economic 

and socio-cultural variables. In other words, the occurrence of a political event of any type (e.g. 

war, revolution, coup, expropriation, taxation changes, depreciation, exchange controls and 

import restrictions) in the home country or in its manufacturing, logistics and trading locations 
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abroad can cause a loss of profit potential and/or assets in an international business operation 

(Costa & Figueira, 2017). 

Singapore was the ideal location for this study of SCRM, because it is home to many local and 

global multinational companies—that operate both in Singapore and abroad—that manufacture 

precision engineering equipment, complex equipment, marine equipment, aerospace 

equipment, oil and gas, and medical devices. 

Furthermore, to the knowledge of the researcher, no study has investigated SCRM practices in 

Singapore companies and the influences on behavioural actions in the field of SCRM stemming 

from level of understanding (LOU), management support (MS) and perceived risk of 

catastrophic events (PRCE). As SCRM is increasingly becoming a key issue in academic 

research and practical business management considerations, it is vital to understand the factors 

that influence SCRM practices, in order to close this research gap. The aim of this study is to 

create a model to examine the causal relationships between selected stimulus (independent 

variables, namely, level of understanding, or LOU, and management support, or MS), the 

organism (mediating variables, namely, perceived risk of catastrophic events, or PRCE) and 

outcomes (dependent variables) using a cross-disciplinary approach, based on the theory of 

reasoned action (TRA) and the technology acceptance model (TAM), to further enhance the 

establishment of a theoretical grounded model and conceptual framework in the SCRM domain. 

As only a limited number of theoretical models and frameworks address the selected factors, 

the aim of this study is to provide such theoretical basis and concepts. 

TAM, as the basis for this study, assumes that behavioural intentions towards practices are 

guided by attitudes towards using or enhancing the practice, user beliefs, knowledge or 

experience, and additional external variables. The model has been popular as a theoretical 

model and has been researched extensively over a wide variety of systems. Constructs of the 

model are reliable and valid. And the model explains a considerable portion of usage intentions 

in different contexts.  Numerous studies based on this model have been conducted in 

information systems (IS) and related domains; however, only limited TAM studies have been 

conducted beyond these boundaries. This research applies TAM to understand SCRM 

practitioners’ perceptions and outcomes in predicting technology usage in non-IS environments. 



  13 

 

For the purpose of this study technology usage is referring to the purposeful practical 

organization and application of knowledge, information, methods, processes, and concepts of 

coordinated human activities to help identify, monitor, detect and mitigate supply chain risks. 

This is to ensure supply chain effectiveness, efficiency and continuity to improve profitability 

or the economic value add of organisations. 

Outcomes refer for this study to the result or effect of actions. The dependent variables 

represent the outcomes whose variation is being studied. The dependent variables or 

responding variables for this study are: attitude towards using SCRM (A); intention to use 

SCRM (IU); actual use of SCRM (AU). 

The principal guidelines developed by Dubin (1969, 1976) and Whetten (1989), reflected in 

their research, were observed for this study, which aimed to answer the “what, how and why” 

questions for the subject field under discussion. The theory development undertaken in this 

research included providing logical and theoretical justifications for the selected research 

processes, outlining the steps undertaken and discussing findings. This study enhances the body 

of knowledge and theory-building in the area of SCRM by focusing on human behaviours and 

the validation, extension and elaboration of the established theoretical grounded model and 

conceptual framework. Such a model will add to the currently limited pool of models in the 

SCRM domain that are academically grounded. 

1.6. Target Groups 

This research contributes to the body of knowledge. It aims to contribute to the identification, 

structuring and summarizing of existing SCRM practices in Singapore companies. Such 

knowledge adds to theory-building in SCRM, for the use of the industry and its participants. 

Further, it will help the public sector, policymakers and society at large. It gives risk managers 

and others dealing with SCRM practices further insight into the current status, behaviours 

towards SCRM, and insights about tools and methods applied for managing risks in supply 

chains.  

Such information can help industry participants to characterize their own supply chains, 

analyse their situation and choose risk management actions that are in accordance with their 

company’s characteristics, directives and goals. This study will also be of interest to other 
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stakeholders, local communities or specific institutions, such as insurance or financial 

companies that deal with supply chain risk vulnerabilities. The measurement of human factors 

and organizational conditions in the SCRM domain is not completely new. Obtaining 

knowledge on people’s different perceptions and attitudes influence the way they form 

behaviours—that is, the way they think, act and perform tasks—is essential in enhancing 

SCRM practices. This kind of understanding will contribute to researchers’ and practitioners’ 

communication on SCRM. 

The next section of this chapter provides a roadmap of the thesis. 

1.7. Study Overview 

Figure 3 provides a graphical overview of the study and outline of the approach taken, including 

focus tasks cross-referenced to their respective study chapters.  
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Figure 3: Roadmap of study chapters 

Source: Adapted from Mackenzie & Knipe, 2006 
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1.8. Chapter Summary 

The purpose of the introduction chapter was to provide the research background, list of 

keywords used, research rationale and objectives for this empirical study. The target groups 

and the study’s contributions towards theory and the application of practical knowledge were 

also highlighted.  

The next chapter provides a literature review of SCRM with respective risk sources, risk 

groupings and risk strategies.  
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2. Literature Review 

The literature review section first provides an overview of some of the theories of behavioural 

science, in order to explain the approach taken in the development of this research. An 

overview of risk definitions, risk sources, risk standards and groupings, risk standards and 

regulations are then given. This is followed by a chapter summary. 

 
Figure 4: Schematic representation of key elements of literature review chapter 
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limited to, interpersonal roles, which are primarily social in nature, such as leading, liaising, 

hiring, training, motivating and encouraging. Interpersonal roles involve behavioural processes. 

Additionally, informational roles are also involved; these include some aspect of information 

processing, such as transmitting information inside and outside the organization. Behavioural 

processes are part of each of these roles, because information is almost always exchanged not 

just between systems but also between people. Finally, decision-making roles are involved, 

such as implementing new strategies in the organization, handling or settling disputes between 

various parties, allocating resources and reaching agreements inside and outside the 

organizations. Again, behavioural processes are clearly crucial in each of these decision-

making roles. In general, most managers have a strong combination of technical, interpersonal, 

conceptual and diagnostic skills—the latter two are often more important for top managers, 

and the first two may be more important for first-line managers (Griffin & Moorhead, 2011). 

The complexity not only lies in the specific field for which decisions have to be made but is 

further complicated when decisions need to be made under uncertain conditions. This applies 

specifically for exogenous uncertainty (risks outside the supply chain, e.g. terrorist attacks, 

contagious diseases, labour strikes, changes in inflation rates and consumer price index changes 

etc.) as opposed to endogenous uncertainty. Endogenous uncertainty includes risks inside the 

supply chain (e.g. market and technology turbulence etc.) (Trkman & McCormack, 2009). Such 

risks can be reduced with a proper and proactive relationship with a supplier (using methods 

like information-sharing, relationship development, joint reviews etc.) (Ritchie & Brindley, 

2007). Exogenous uncertainty cannot be generally reduced, but by ensuring the strategies and 

supply chain structure are appropriate they can be managed, by risk identification, risk analysis, 

risk reduction and management, risk monitoring, enhancing resilience, initiating proactive 

responses and integrating the various tiers of the supply chain for SCRM activities (Trkman & 

McCormack, 2009). Kahneman and Tversky (1973) stated:  

In making predictions and judgments under uncertainty, people do not appear to follow 

the calculus of chance or the statistical theory of prediction. Instead, they rely on a 

limited number of heuristics which sometimes yield reasonable judgments and 

sometimes lead to severe and systematic errors. (p. 237) 

As uncertainty is an unavoidable aspect of human conditions and applies also to conditions in 

business, many significant choices have to be based on beliefs about the likelihood of such 
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uncertain events. Because adequate and easy-to-use formal models do not exist for all 

circumstances—that is, it is not possible to compute the probabilities of all events—intuitive 

judgments are often the only practical method for assessing uncertainty (Gilovich, Griffin, & 

Kahneman, 2002). Research has been conducted on the question of how experts and laypeople 

evaluate probabilities in the face of uncertainty (e.g. much of the research for decision-making 

in SCRM is undoubtedly based on not only mathematical considerations but also behavioural 

and judgment decisions, which are still relatively unexplored and warrant further research). 

Managerial perceptions of risks (Sodhi et al., 2012; Zsidisin, 2003) are critical for SCRM and 

have been studied by few researchers. Tang & Musa, (2011) highlighted that there is a limited 

number of models analyse risk. In addition, the existing literature includes mainly descriptive 

and conceptual models rather than quantitative models. Therefore, there is a need to study risk 

management issues and to develop quantitative models to make informed decisions in 

managing risks. The next sections first define risk then present risk sources, standards, 

management regulations and strategies. 

2.2. Supply Chain Risk Definitions 

A closer review of the literature reveals that more systematic and structured approaches to the 

conceptualization of supply chain risks are still rather new (Harland, Brenchley, & Walker, 

2003; Johnson, 2001; Norrman & Lindroth, 2002; Sheffi, 2001; Svensson, 2000, 2002; Zsidisin, 

Panelli, & Upton, 2000). Waters (2007) stated that there are risks in the supply chain where 

unexpected events could disrupt the flow of materials on their journey from initial suppliers 

through to final customers. Zsidisin (2003) views supply risk as the probability of an incident 

associated with in-bound supply from failures of individual suppliers occurring in the supply 

market, where outcomes result in the inability of the purchasing firm to meet customer demand 

or cause threats to customer life and safety. Mitchell (1995) defined risk in terms of its 

probability of loss and the significance of that loss to the organization or individuals. Mitchell 

expressed this as a formula: 

Risk n=P(lossn) x l(lossn) 

where P(lossn) is probability of loss, l (lossn) is the significance of the loss and n is the 

event of the loss.  
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However, Hunt (2000) identified that literature lags behind business, which now views risk in 

a much broader way. For Borge (2002, p. 4), risk means “being exposed to the possibility of a 

bad outcome”. Borge continued by stating that risk management means taking deliberate action 

to shift the odds in your favour, by increasing the odds of good outcomes and reducing the odds 

of bad outcomes. DeLoach (2000, p. 48), defined risk as “the distribution of possible outcomes 

in a firm’s performance over a given time horizon due to key underlying variables”. Risks can 

be viewed as purely danger or as danger and opportunity. Table 1 presents a non-exhaustive 

selection of different risk definitions. The traditional view of risk is predominately attributed 

solely to danger. However, in fields such as finance and marketing, risk is often associated with 

the possibility of a ‘downside’ and an ‘upside’, meaning that risk has a possible negative or 

positive outcome.  

Table 1: Selected risk definitions and risk views 

Definitions Risk view Source 

Disruption of either products, 

materials, information or 

financials between 

organizations. Companies are 

viewed as being interconnected. 

Views risk as danger Jüttner, 2005 

Unforeseen events that interrupt 

the flow of materials from 

suppliers to customers. 

Views risk as danger Waters, 2007 

An uncertain event which leads 

to risks. 

Views risk as danger and 

opportunity 

Manuj & Mentzer, 2008a 

Harland et al. (2003, p. 52) discussed several definitions and concluded that supply chain risk 

is associated with the “chance of danger, damage, loss, injury or any other undesired 

consequences”. The Supply Chain Risk Leadership Council (SCRLC) defines “supply chain 

risk” as the likelihood and consequence of events at any point in the end-to-end supply chain, 

from sources of raw materials to end use of customers, and “supply chain risk management” as 

the coordination of activities to direct and control an enterprise’s end-to-end supply chain with 

regard to supply chain risks. The council further defines SCRM as:  



  21 

 

The practice of managing the risk of any factor or event that can materially disrupt a 

supply chain whether within a single company or spread across multiple companies. 

The ultimate purpose of supply chain risk management is to enable cost avoidance, 

customer service, and market position. (SCRLC, 2011)  

For the purpose of this review, the focus on risks will be associated with primarily negative 

consequences and viewed as a negative deviation from expected outcomes or desirable 

performance criteria. 

2.3. Supply Chain Risk Sources 

In order to obtain a deeper understanding of risks, it is necessary to understand the sources of 

uncertainty or risks in supply chains. In broad terms, risk sources to the company or its supply 

chain partners can be categorized as either internal or external. Risks might be distinguished 

further into operational and disruption risks (Tang, 2006a). Ritchie and Brindley (2007) 

distinguish between strategic, tactical and operational risks, following Ulf and Clare (2004), 

who differentiated operational disturbances, tactical disruptions and strategic uncertainties. 

Kleindorfer and Van Wassenhove (2004) divided supply chain risks into two categories: supply 

coordination risks and supply disruption risks, dividing tactical decisions between the two 

categories. Zeng, Berger, and Gerstenfeld (2005) divided risks based on their origin: capacity 

limitation, technology incompatibility, supply disruptions, currency fluctuations or disasters. 

Chopra and Sodhi (2004) categorized supply chain risks at a high level as disruptions or delays. 

These risks pertain to systems, forecasts, intellectual property, receivables, inventory and 

capacity. Sodhi and Lee (2007) pointed to supply chain risks in the consumer electronics 

industry broadly as those requiring strategic decisions and those requiring operational decisions, 

in three categories: supply, demand and contextual risks. Jüttner, Peck, and Christopher (2003) 

based their differentiation on risk sources: environmental, network and organizational. Rao and 

Goldsby (2009) catalogued supply chain risks as framework- and problem-specific, or 

decision-making. Kleindorfer and Saad (2005) based their categorization on the sources and 

vulnerabilities of risks, operational contingencies, natural hazards, and terrorism and political 

instability. Wagner and Bode (2009) categorized supply chain risk into supply, operational, 

demand, security, macro, policy, competitive and resource risks.  
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The vast array of classifications and risk sources might be extended even further; however, the 

existing overview highlights that, depending on the specific focus of the researcher, industry 

or context and the study objective, along with other factors, no all-encompassing classification 

has so far been established. As Sodhi et al. (2012) stated, there are still gaps in the study of 

SCRM: a definition gap, as there is no clear consensus on the definition of SCRM (because 

some limit the scope of SCRM to rare but high-impact events, while others believe that SCRM 

is about demand–supply uncertainties); a process gap, as there is lack of research on an 

important aspect of the risk management process, namely, the response to supply chain risk 

incidents; and a methodology gap, as there is a shortage of empirical research in the area of 

SCRM. 

Often, risk management processes are used to classify various stages of SCRM according to 

four key elements for managing supply chain risks: risk identification, risk assessment, risk 

mitigation and responsiveness to risk incidents. The last is subdivided into two categories of 

responsiveness: (1) operational risks (frequent risk events stemming from inherent supply-

demand uncertainty) and (2) catastrophic risks (caused by natural or man-made disasters) 

(Sodhi et al., 2012). 

The risk model shown in Figure 5, developed and presented by the consulting company Deloitte 

in its 25th publication of the white paper series on risk intelligence, is well suited to capturing 

different risk sources. Although this model presents very broad categories of risk sources, it is 

still very useful in its depiction of various risk sources. This model will be used as a reference 

for the following sections of the literature review. In the model, the “macro environment risks” 

represent broad external forces that affect the entire business and supply chain, often associated 

with non-directly controllable but devastating negative material impacts. The “extended value 

chain risks” are risk categories focusing on the company’s upstream and downstream supply 

chain risks, including its logistics and supply chain partners. Increased risks might be caused 

by recent supply chain trends in this area—such as outsourcing, which allows businesses to 

focus more on their core competencies but increase third-party risks. Supplier consolidation 

poses a similar risk, as it reduces supplier options, although it might create economies of scale. 

In the model, the “operational risks” are linked to a company’s internal product development, 

manufacturing and distribution processes. The “functional risks” relate to supporting business 

activities that help to enable effective supply chains, which include finance, human resource, 

IT and legal functions.  
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Figure 5: Deloitte’s supply chain risks sources model 

Source: Deloitte, 2012 

Under “macro environment risks” (see Figure 5), the Deloitte’s model lists possible disruptions 

that stem from natural or man-made catastrophic events. These can have severe effects on the 

entire supply chain of a firm. Such catastrophic events are often not limited to only a specific 

firm and its interconnected partners but can affect whole industries operating in affected 

regions or even entire countries. Although catastrophic events have a very low probability of 

occurring, their consequences or impacts are significant. As Wagner and Bode (2008) stated, 

there is a distinction to be made, for example, between financial default of a supplier and an 

earthquake that destroys factories: these situations have completely different attributes and 

have different effects on the supply chain. External events are often neglected; however, the 

rise of devastating business interruptions is just too big for management to ignore.  

The International Federation of Red Cross and Red Crescent Societies (IFRC) is the world’s 

largest humanitarian organization, providing assistance without discrimination as to nationality, 

race, religious belief, class or political view. The IFRC lists five main categories of disasters: 
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natural (e.g. droughts), hydro meteorological (e.g. floods), technical (e.g. industrial accidents 

such as chemical explosions, nuclear explosions and accidental release of hazardous material), 

geological (e.g. earthquakes) and human related (e.g. epidemics and population movement). 

For further details and definitions on these disaster types, readers are referred to the IFRC web 

site (www.ifrc.org). Other risk groupings are provided in section 2.4; however, for the purposes 

of this section, the classifications of other organizations and insurance companies are also 

discussed. The following subsections present further details of those risk categories. 

2.3.1. Macro-environment Risks (Natural Disasters) 

A major risk to supply chains is caused by the natural disasters. According to a 2015 report 

from the Centre for Research on the Epidemiology of Disasters (CRED) Institute of Health and 

Society (IRSS) at the Université Catholique de Louvain in Brussels, Belgium, the risk of 

macro-environment risks is increasing. The 2015 report indicates that the number of reported 

disasters has increased over recent years (see Figure 6).  

Figure 6: Trends in occurrence and victims of reported disasters 

Source: Guha-Sapir D., Hoyois Ph., Below. R. & Wallemacq P., 2016, p. 12 

According to the CRED report, 376 natural disasters were triggered in 2015, killing 22,765 

people—a number below the annual average for prior years 2005–2014 (76,416). Higher 
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climatological disasters were reported: 45 compared with an annual average of 32 for 2005–

2014, an increase of 41%. Over the last decade, China, the United States, India, the Philippines 

and Indonesia together constituted the top 5 countries most frequently hit by natural disasters. 

In 2015, with 36 natural disasters reported, China experienced its third highest number of 

natural disasters of the last decade, 20% above its 2005–2014 annual average of 30 (Guha-

Sapir D. et al., 2016). 

Statistics in a stigma study from one of the world’s largest reinsurance companies, Swiss Re, 

revealed that natural catastrophes and man-made disasters in (see Figure 7) caused economic 

losses of around US$175 billion in 2016. This was almost double the losses from the same 

causes in 2015 (US$94 billion). Economic losses related to natural catastrophes were estimated 

at around US$166 billion in 2016, coming mostly from earthquakes, tropical cyclones, other 

severe storms and droughts in Asia, North America and Europe. Man-made disasters were 

estimated to have caused US$9 billion of economic losses (Swiss Re, 2017).  

Figure 7: Number of catastrophic events 1970–2016 

Source: Swiss Re., 2017 

Impacts on supply chain disruptions can have long-term negative effects on a firm’s financial 

and operational performance; therefore, it is widely accepted that SCRM has become a 

necessity in today’s business environment (Hendricks & Singhal, 2003, 2005). Most of the 

academic research on disaster management, emergency preparedness and crisis recovery can 

be found outside the logistics and supply chain areas. Research for disaster management 
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appears most often in fields targeting public servants, government agencies and the finance, IT 

and insurance industries. Models and guidelines in these research fields might be able to be 

adopted and implemented for companies’ SCRM efforts, so as to improve emergency 

preparedness and recovery responsiveness from crisis events. As for good SCRM, taking the 

effort to plan for extreme events or natural disasters that can cause major disruptions is not 

only good practice but an absolute necessity. In the reviewed literature, there were few direct 

links made between SCRM practices and recent disasters, such as the tsunami in Japan. Natural 

disasters (e.g. earthquakes, hurricanes and storms) that had a great impact on the supply chain 

processes were reviewed in some studies (e.g. Chopra & Sodhi, 2004; Christopher & Peck, 

2004; Kleindorfer & Saad, 2005; Miller, 1992, 1993; Simangunsong, Hendry, & Stevenson, 

2012; Zsidisin et al., 2000), but the focus of those studies was mainly related to manufacturing 

firms restoring supply chains after severe natural disasters and humanitarian disruptions; they 

reflected on supply chain lessons in terms of disaster planning and recovery responses. Often 

those studies were based on firms in the countries hit by such disasters. Little research has been 

conducted into risk assessment after a disaster in countries indirectly affected (such as 

Singapore) and little empirical research exists on how supply chain risk is viewed in relation 

to how natural or man-made catastrophic events impact on the SCRM practices of firms in 

indirectly affected countries. This study will contribute to closing this gap. 

2.3.2. Further Expansion on Risk Sources 

The aforementioned identified risk sources based on the Deloitte’s generic risk model are 

complemented in this section with the non-comprehensive selection of further risk 

classifications, presented in Table 2. Several other risk factors exist, such as those related to 

capacity, flexibility, scalability and timing of particular actions, all of which can cause delays 

or influence timely forecasts (e.g. risks related to infrastructure or facility systems and loss of 

know-how). The commonality for risk sources is that classifications can be made and then 

grouped by hierarchy, risk category (e.g. origin, such as within supply chains, participants or 

external sources), frequency and impacts—as shown in the section risk groupings.    



  27 

 

Table 2: Selected samples of further risk sources and their descriptions 

Risk source Author Descriptions 

Demand risk Gupta & Maranas, 2003 

Croxton, 2003 

Douglas, García-Dastugue, & 

Croxton, 2005 

 

Exposes firms to obtaining customer orders or 

the inability to project or forecast the correct 

timing of the demand for products, compared 

with actual requirements. Impacts can also be 

that products are becoming obsolete or the 

wrong products are made available   

Human resource risk Schuler & MacMillan, 1984 

Huselid, 1995 

Jiang, Baker, & Frazier, 2009 

Exposes the firm to risk of losing human 

resources, or not gaining or retaining the talent 

required for the business 

Information 

technology risk 

Stoneburner, Goguen, & Feringa, 

2002 

Benaroch, Lichtenstein, & 

Robinson, 2006 

Rainer Jr, Snyder, & Carr, 1991 

Exposes a firm to loss, interruption or 

unintended access of its IT systems, data or 

information through internal or external sources    

Innovation or 

technology risk 

Rifkin & Kruger, 1995 

Van de Ven, 1986 

Spekman & Davis, 2004 

Exposes the firm to miss out on having, be 

overtaken by, or not have the correct 

technology/product available in time. New 

technologies supersede previous versions. 

Examples are touch phones vs. key pad phones, 

and digital cameras vs. single lens or analogue 

cameras  

Reputation risk Schwartz, 2000 

Bebbington, Larrinaga, & 

Moneva, 2008 

Gaultier-Gaillard & Louisot, 

2006 

Erodes value of whole business due to loss of 

confidence from customers, employees or 

society. Examples are Nestlé’s baby milk issue 

and Shell’s Brent Spar oil platform disposal 

issue 

Legal risk Meulbrook, 2000 Exposes the firm to litigation, with action 

arising from customers, suppliers, shareholders, 

employees or external sources 

Regulatory or 

political risk 

Bowen, Cousins, Lamming, & 

Faruk, 1998, 2001 

Smallman, 1996 

Kobrin, 1979 

Exposes the firm to risks arising from 

regulations such as environmental or trade 

regulations or political risks 

Supply input or 

quality risk 

Harland, Brenchley, & Walker, 

2003 

Kleindorfer & Saad, 2005 

Adversely affects the firm’s inward flow of any 

type of resource to enable operations to take 

place 

Supplier relationship 

risk 

Shin, Collier, & Wilson, 2000 

Dekker, Sakaguchi, & Kawai, 

2013 

Schreiner, Kale, & Corsten, 2009 

Exposes the firm to risks where the buyer and 

supplier relationship is negatively affected, 

interaction is not conducted in a coordinated 

fashion or participants no longer have the 

willingness to share risk and rewards fairly  

Financial risks Gates, 2006 

Blome & Henke, 2009 

Exposes a firm to risks related to operational or 

strategic financing, including receivable risks, 

loss of margins or write-offs. Strategic 

financing might include investments  

Communication risk Akkermans, Bogerd, & Vos, 

1999 

Lee & Whang, 2000 

Exposes the firm to risks of insufficient 

information-sharing with supply chain 

participants, including insufficient internal or 

external communication  

Price increase risk Wagner & Bode, 2008 

Spekman & Davis, 2004 

Exposes the firm to changes in input prices due 

to increases in either market price or supplier 

costs, or potential currency fluctuations 

Risks due to natural 

or man-made 

catastrophic events 

Knemeyer, Zinn, & Eroglu, 2009 Exposes the firm to high-impact, immediate and 

significant disruptions or performance levels 

Ritchie and Marshall (1993) suggested the following key risk sources and risk drivers:  
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Risk=ƒ (Er, Ir, Or, Pr, DMr), 

where Er=environmental variables, Ir=industry variables, Or=organizational strategy 

variables, Pr=problem-specific variables and DMr=decision-maker related variables.  

The authors effectively synthesized their argument in the formation of risk perception based 

on the above criteria along an objective–subjective divide. This classification has received 

criticism (Royal Society, 1993). However, many insurers, risk assessors and other professionals 

insist that this abstract, socially formed and singularly subjective phenomenon may still be 

objectively measured. As such, it is important that the processes of human interpretation and 

judgment of “actual” and “perceived risks” are further investigated (Smallman, 1996).  

The following section provides an overview of the identification of the different risk 

classifications and groupings. 

2.4. Risk Groupings 

Measurement of supply chain vulnerability is still by and large regarded as difficult, because it 

is multidimensional and there are no well-developed metrics for evaluating the factors on which 

vulnerability depends (Bode & Wagner, 2015; Wagner & Bode, 2006, 2007, 2008). A typical 

SCRM process contains the following phases: risk identification, risk assessment, decision and 

implementation of risk management actions, risk monitoring (Hallikas, Karvonen, Pulkkinen, 

Virolainen, & Tuominen, 2004). In order to classify risks to make the best possible informed 

decisions, risks are often categorized according to their probability, or likelihood, and related 

impact. The risk diagram in Figure 8 depicts risk classifications as one of the options to group 

risks into related categories. Hallikas et al. (2004) recognized that it is not likely that the risk 

diagram is appropriate and sufficient for a deeper analysis of all risks. Therefore, it is necessary 

to consider the nature of the risks and to create the ability to assess dynamic and complex risks 

by implementing effective feedback loop mechanisms (Hallikas et al., 2004). 

The advantage of the risk diagram is, that it makes risks visible and clearly shows where actions 

can be implemented to decrease the probability, frequency or risk consequence.  
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Figure 8: Risk diagram 

Source: Hallikas et al., 2004 

Sohdi and Chopra (2004) list supply chain risk factors related to disruptions, delays, systems, 

forecasts, intellectual property, procurement, receivables, inventory and capacity; they also 

define the corresponding risk drivers. Byrne (2007) argues that it is more relevant to group 

risks according to what can be done about them. His approach is to take risks according to their 

manageability; he clusters risks in terms of whether they are uncontrollable, partly controllable 

or controllable, stating that most disruptions fall into the controllable area. Svensson (2004) 

examined in his qualitative study on subsuppliers in the automotive industry that management 

views tend to be limited to myopic perceptions for supply chain vulnerability and the planning 

for contingency actions. Finch (2004) classified risks into three broad categories, according to 

their level: application (e.g. natural disasters, accidents, deliberate acts, data/information 

security risks and management issues), organizational (e.g. legal and strategic changes in 

decisions) and inter-organizational (e.g. from outside the organization). Norrman and Lindroth 
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(2004) cover in their business continuity process the areas of SCRM, crisis management, 

disaster recovery, business recovery and contingency planning, which are omitted in some of 

the SCRM literature.  

Other concepts for risk groupings and risk categorization are based on qualitative and 

quantitative findings. Section 3.7 addresses some of the standards that are globally 

implemented for risk management.  

2.5. Risk Strategies 

Levy (1994) stated that strategy refers to a set of guidelines that influence decisions and 

behaviour. Various approaches are found in the literature, attempting to put frameworks and 

methodologies in place for selected risk strategies (see Table 3). Often for practitioners, risk-

taking is generally perceived as an integrated and inevitable part of management (March & 

Shapira, 1987). In their view, risk-taking equals decision-making under uncertainty and hence 

any strategic choice has certain risk implications (Jüttner et al., 2003). Strategies provide 

choices to help manage risks in a global business environment that is challenging due to 

inherent uncertainties in supply and demand, global outsourcing, technology enhancements, 

and short product life cycles (Christopher and Lee, 2004). Risk in this context can be defined 

as the potential for unwanted negative consequences that arise from an event or activity (Rowe, 

1980). Often, the global business environment is influenced by financial instability, just-in-

time outsourcing, company mergers, new technologies, e-business, shorter time to market and 

so on, forcing organizations to adopt new ways of doing business (Stefanovic, Stefanovic, & 

Radenkovic, 2009) to best prepare their supply chains to cope with operational and external 

(natural and man-made) disruptions. 

SCRM extends traditional risk management approaches by integrating risks of partners 

upstream and downstream in the supply chain (Wieland & Wallenburg, 2012). Chopra and 

Sodhi (2004) identified that most companies develop plans to protect against recurrent low-

impact risks in their supply chains, but many ignore high-impact, low-likelihood risks. 

Jüttner et al. (2003) defined the concept of SCRM and suggested that four basic constructs be 

distinguished: supply chain risk sources, risk consequences, risk drivers and risk mitigating 

strategies. Borge (2002) identified 10 risk strategies: identify, quantify, prevent, create, buy or 
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sell, diversify, concentrate, hedge, leverage and insure. He elaborated that in practice a 

combination of those 10 risk strategies is mostly used. DeLoach (2000) formulated the concept 

of enterprise-wide risk management, based on the elimination of functional, departmental or 

cultural barriers. It entails a process-oriented approach to manage all key business risks and 

opportunities with the overall aim of maximizing shareholder value. To manage business risks, 

he proposed five main strategies: avoid, retain, reduce, transfer and exploit. Within those 

strategies, DeLoach (2000) also proposed a number of substrategies, presented in Table 3. 

Table 3: Selected risk strategies 

The reviewed risk strategies have in common actions aimed at preventing supply chain 

disruptions taking place, reducing the implications of an event occurring, providing direction 

for expedient recovery, and evaluating the effectiveness of implemented actions (Cohen & 

Kunreuther, 2007). Tomlin (2006) discusses three categories of strategies for coping with 

supply chain disruptions: inventory control, sourcing and acceptance. Inventory control 

strategies involve ordering and stocking decisions. Sourcing strategies can include product 

substitution (demand management) or backup supply (dual sourcing). The acceptance strategy 

stated refers to no direct action by a firm, as the associated cost to prepare or act on a disruption 

would outweigh the losses from accepting them. Faisal, Banwet, and Shankar (2006) 

incorporated actions for risk strategies and termed them “enablers of risk mitigation” which 

Author 

 

Jüttner et al., 

2003 

Borge, 2002 Deloach, 

2000 

Manuj & 

Mentzer, 2008a 

Harland et al., 

2003 

Selected 

risk 

strategies 

Avoidance 

Control 

Cooperation 

Flexibility 

Identifying 

Quantifying 

Preventing 

Creating 

Buying and 

selling 

Diversifying 

Concentrating 

Hedging 

Leveraging 

Insuring 

 

Avoid 

Retain 

Reduce 

Transfer 

Exploit 

 

Identification 

Assessment 

Mitigation 

Responsiveness 

Mapping the 

supply 

network 

Identifying 

assessing risk 

Managing 

risk  

Forming 

Collaborative 

supply 

network risk 

Strategy and 

implementing 

the strategy 
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includes strategies for information-sharing, increasing supply chain agility, and building trust 

and collaborative relationships among supply chain partners.  

While the main objective of SCRM is to protect the supply chain from undesired events that 

adversely affect performance and seamless continuation, the problem often lies in the difficulty 

to identify risks. The literature still provides insufficient risk identification methods in this 

regard (Rao & Goldsby, 2009). Risk identification and the implementation of risk mitigation 

actions and the application of respective tools is a fundamental phase in risk management 

practice. By identifying the risks, a decision-maker or a group of decision-makers becomes 

conscious of events or occurrences that cause uncertainty. The key focus of risk identification 

is to recognize future uncertainties and to be able to manage these scenarios proactively 

(Hallikas et al., 2004). A main goal of risk management is, therefore, to make the best possible 

decisions when faced with uncertainty in order to monitor, prevent, mitigate, transfer or exploit 

risks and be prepared to recover as quickly as possible from undesirable circumstances, with 

the least negative impact.  

In a recent survey of executives, more than two-thirds of respondents reported increased risk 

over the past three years, and nearly as many expect that risk will continue to rise (Gyorey, 

Jochim, Norton, & Brinkhoff, 2010). SCRM is a developing area for further research not only 

because of the substantial negative effects that disruptions and risks can have on a company’s 

performance (as indicated by Eskew, 2004; Hendricks & Singhal, 2005; Jüttner et al., 2003, 

2005; Khan & Burnes, 2007; Manuj & Mentzer, 2008b; and Tang, 2006b, among many others) 

but also because it enables companies to seize vast opportunities and provides a competitive 

edge if done successfully.  

2.6. Risk Standards, Frameworks and Guides 

The origins of operational risk management can be traced to the discipline of safety engineering, 

which is mainly concerned with the physical harm that may occur as a result of improper 

equipment or operator performance. However, modern risk management has evolved 

substantially, due to a number of other factors. This include that risk management is now often 

be viewed to be contributing to the increasing drive of organizations to enhance value creation, 

that it provides a mechanism of response to increasing uncertainty and that it links identified 

risks to the organization’s strategy. An important difference is to be made between the 
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management of business risks—a sub specialty area in the fields of finance and insurance, 

mainly concerned with monetary gains and losses—and the management of operational risks, 

concerned with the uncertainty inherent in the execution of the activities that organizations do 

in order to fulfill their goals and objectives (Raz & Hillson, 2005).  As the practice of risk 

management continues to develop, its focus has expanded. Attitudes within organizations 

changed to discipline themselves, to provide transparency to protect and enhance reputation 

and not just to adhere to regulatory compliance. The practice of risk management is seen to 

leverage those efforts to yield broader benefits, it encompasses now risks associated with 

human capital strategies or becomes even embedded in corporate culture.  

Risk management is often used to describe efforts to identify, understand and respond to risks, 

in various aspects of business. As risks are inherited to a certain extent in almost everything 

we do and almost all we engage with, different approaches to risk management have evolved. 

The recognition of risk management as an important management discipline led to the 

development of various standards, frameworks and guidelines from a host of different sources, 

ranging from literature and academic perceptions to practitioner views. The formation of a 

range of professional bodies, consultancies and corporate regulatory governance and 

compliance initiatives have further enhanced work in this field. It is important to notice the 

segregation between voluntary standards, frameworks or guidelines and regulations, which are 

mandated through legislation. Standards are created through consensus, public comment and 

acceptance. A recognized or accepted standard is an established norm or collection of “best 

practices” that evolve over time under the jurisdiction of an international, regional or national 

standards development body. Standards are published as a formal document that can establish 

criteria, methods, processes and practices. In contrast, a guidance document, company product, 

corporate standard, etc., that may be developed outside of a recognized standard setting body—

but which becomes generally accepted. Ultimately, standards provide value when they foster 

common understanding reflecting collective wisdom, while creating efficiencies and better 

results for the organizations using them. In benefiting organizations, risk management 

standards generally recommend, but do not require, risk management criteria, methods, 

processes and practices. Standards might become regulated if adopted by a government, or 

mandatory if agreed upon in a business contract (Fox, 2016). 

Standards, frameworks and guidelines are often used as a control function (internal or external 

controls) to evaluate if processes and procedures are defined or followed up. The International 
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Organization for Standardization (ISO) is the world’s largest independent, non-governmental 

membership organization of voluntary international standards. In comparison, regulations in 

the context of business are non-voluntary rules or directives made and maintained by an 

authority, which businesses need to comply with. The main aim of most standards, frameworks 

and guidelines is to support an organization to meet its objectives and enhance decision-making, 

to guide users through activities that address key uncertainties, and to facilitate adherence to 

controls as a means of managing risk and meeting regulatory requirements. 

The evolvement of standards can be further traced to circumstances most companies experience 

today, which include internal and external drivers. Boards or management of organizations are 

placing a greater focus on risk management, the increased complexity that organizations today 

are experiencing in their value chain are posing opportunities and bigger risks to firms. 

Advanced business practices, globalized markets, product recalls or fraud and technological 

change are multiplying the threats and making it harder to identify and track potential threats. 

Terrorism, political uncertainty or natural weather events requiring new and increased focus 

for organizations and its risk management practices. Raz and Hillson (2005) included those 

factors contributing to modern risk management: 

The shift away from dangerous physical work and towards knowledge-intensive work; 

an expanded view of the organization in the context of its various stakeholders; the 

growing importance of projects as the framework for planning and executing work in 

organizations; the central role of technology, and its inherent uncertainty; ever-

increasing competitive pressures to shorten lead times, causing organizations to start 

planning and executing their activities with incomplete information; increasing 

turbulence in the business environment; the rapid increase in the degree of complexity 

embodied in business and projects; the continuing trend towards globalization, and the 

resulting emphasis on virtual business and teams; and the increasing burden of 

regulation with which businesses must comply. (p. 53) 

In the following sections, a comprehensive list of global key risk management standards is 

presented. It is valuable to look at all presented standards, as they currently do not consist of a 

universal consensus of the coverage of risk management, even though there are many common 

factors. 
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2.6.1. ISO 31000:2009 Risk Management Standard, International 

ISO 31000:2009, Risk management – Principles and guidelines provides principles, framework 

and a process for managing risk. It can be used by any organization, regardless of its size, 

activity or sector. ISO 31000 can help organizations to increase the likelihood of achieving 

their objectives, improve the identification of opportunities and threats, and effectively allocate 

and use resources for risk treatment. Although ISO 31000 cannot be used for certification 

purposes, it does provide guidance for internal or external audit programs. Organizations using 

the standard can compare their risk management practices with an internationally recognized 

benchmark, providing sound principles for effective management and corporate governance 

(ISO, 2018). 

It consists of three main sections. It first lists a set of risk management principles. Use these 

principles to guide the establishment of the risk management framework. Then use the 

framework to guide the establishment of the risk management process. Together these three 

sections form the risk management program. 

The Framework, guides the overall structure and operation of risk management across an 

organization, it describes the process of the actual method of identifying, analysing, and 

treating risks. The Framework follows the plan, do, check, act (PDCA) cycle, which is common 

to all management system designs. It is not intended to prescribe a management system, but 

rather to assist the organization to integrate risk management into its overall management 

system. This in turn should encourage organizations to be flexible in incorporating elements of 

the framework as needed.  

Key elements in establishing or adopting the framework are the management commitment both 

during the implementation and on a long-term basis, including the approval of a formal policy. 

It entails further the identification and allocation of needed resources, including sufficient 

expertise and budget to sustain the program, the establishment of a regular review cycle to 

maintain program visibility to management and motivate all participants and to understand 

external and internal forces – industry trends, regulatory requirements, and expectations of key 

external stakeholders, existing governance, organizational structure, culture, and 

organizational capabilities. 
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A number of related other standards developed by ISO also relate to risk management, 

including:  

• ISO Guide 73:2009, Risk management – Vocabulary, which complements ISO 31000 

by providing a collection of terms and definitions relating to the management of risk. 

•  ISO 28000:2007 is an international supply chain security standard. It helps to protect 

an organization's supply chain. 

• ISO 22301:2012 is a business continuity management standard. It helps to ensure that 

operations continue and that products and services are delivered at predefined levels, 

that brands and value-creating activities are protected, and that the reputations and 

interests of key stakeholders are safeguarded whenever disruptive incidents occur. 

• ISO IEC 27002:2013 is a comprehensive information security standard. It helps to 

protect and preserve the confidentiality, integrity, and availability of an organization's 

information. Its used to implement an ISO IEC 27001 information security management 

system, to select generally accepted information security controls, to improve 

information security practices, or to develop own security guidelines and standards. 

• ISO/IEC 31010:2009, Risk management – Risk assessment techniques (in which IEC 

is the International Electrotechnical Commission) focuses on risk assessment. Risk 

assessment helps decision-makers understand the risks that could affect the 

achievement of objectives as well as the adequacy of the controls already in place. The 

standard focuses on risk assessment concepts, processes and the selection of risk 

assessment techniques.  

• ISO/IEC Guide 51:1999, Safety aspects – Guidelines for their inclusion in standards. 

• ISO 14971:2000, Medical devices – Application of risk management to medical devices. 

• ISO 17776:2000, Petroleum and natural gas industries – Offshore production 

installation – Guidelines on tools and techniques for hazard identification and risk 

assessment.  

• Sector specific norms such as:  

o EN ISO 14121, Safety of machinery and its risk assessment. 

o Environmental Management Standard ISO 14001.  

o Occupational Health & Safety Assessment Standard OHSAS 18001  (ISO, 

2018).  
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The ISO 31000:2009 was under review, with an aim to provide greater clarity for its users. An 

update has been made available in February 2018. The new standard in its second edition, ISO 

31000:2018 replaces the ISO 31000:2009 standard, which is now obsolete. It was updated in 

order to streamline the content and to respond to changing stakeholder needs and expectations. 

ISO 31000:2018 defines a set of guidelines. They are referred to as guidelines because they’re 

voluntary.  

2.6.2. AS/NZS 4360:2004 Risk Management Standard, Australia/New Zealand 

ISO 31000 Risk Management Principles and Guidelines have their core in the Standards of 

Australia (AS) and Standards of New Zealand (NZS). Standard AS/NZS 4360 was established 

in 1995 and revised in 2004 as part of a routine five-yearly revision. The Joint Australian/New 

Zealand Committee decided, rather than to undertake a similar revision in 2009, that AS and 

NZS would promote the development of an international standard on risk management which 

would then be adopted (Standards Australia and New Zealand, 2004). In 2005, the ISO 

established a working group to develop the first international risk management standard, using 

AS/NZS 4360:2004 as the first draft. The standard development process included extensive 

public consultation in Australia and New Zealand and resulted in the publication of ISO 

31000:2009.  

The main variations were as follows:  

(1) Risk is now defined in terms of the effect of uncertainty on objectives.  

(2) The principles that organizations must follow to achieve effective risk management 

have now been made explicit.  

(3) There is much greater emphasis and guidance on how risk management should be 

implemented and integrated into organizations through the creation and continuous 

improvement of a framework.  

(4) An informative annex describes the attributes of enhanced risk management and 

recognizes that, while all organizations manage risk in some way and to some extent, 

this may not always be optimal.  
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The process described for managing risk is identical to that in AS/NZS 4360:2004, Risk 

management – Principles and guidelines. Minor changes have been made to the introduction 

to address the application of the standard in Australia and New Zealand (Raz & Hillson, 2005). 

2.6.3. BS 31100:2008 Risk Management Standard, UK 

The British Standard BS 31100: 2008 has no material or significant difference to that of ISO 

31000. Organizations located in the UK that have used the HM Treasury’s Orange Book, 

Management of Risk: Guidance for Practitioners, published by the Office of Government 

Commerce in 2004, may find its familiarity meaningful. BS 31100 specifically highlights the 

benefits of using a risk maturity model to improve an organization’s risk management 

capability. Some standards address a range of business risks—for example, PAS 56:2003, 

Guide to business continuity; BS 31100:2008, Code of practice for risk management; BS 6079-

3, Project management – Part 3: Guide to the management of business-related project risk; 

PD6668, Managing risk for corporate governance (Raz & Hillson, 2005). 

The UK Institute of Risk Management (IRM), the Association of Insurance and Risk Managers 

(AIRMIC) and the National Forum for Risk Management in the Public Sector (ALARM) 

established in 2002 a risk management standard, which was adopted by the Federation of 

European Risk Management Associations (FERMA) in 2003. These standards can be classified 

as professional standards (IRM, 2002).  

2.6.4. JIS Q 2001:2001 Risk Management Standard, Japan 

The Japanese Standard JIS Q 2001:2001 provides guidelines for the development and 

implementation of a risk management system. The standard is designed in terms of a risk 

management system and defined as the subset of the organization of a management system 

concerned with risk. This standard includes risk planning, analysis, prioritization and treatment 

planning. Risk analysis includes identification and estimation. Risk management in this 

standard means monitoring and controlling the risks that were identified and analysed and for 

which treatment plans were devised. It further includes the control mechanism of risk treatment 

actions, as do most standards, but it also includes the risk management control of its processes. 

This is not the case for all other standards, which are not all concerned with managing and 

improving the risk management process itself. 
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2.6.5. ONR 49000 Risk Management Standard, Austria 

The Austrian Standard body, Österreichische Normungsinstitut (ON), published at the 

beginning of 2004 the ONR 49000 and its related norms for risk management for organizations 

and systems. These risk standards are partially aligned with the ISO risk standards. The main 

difference between the ONR and ISO standards are that ONR can be implemented without 

existing management systems in place. Further, under ONR 49002-2 an overview of specific 

methods and steps is provided, which can be used to put in place risk management strategies. 

Specifically, five method categories are defined and 15 individual methods stated. The five 

main groups include technics related to creative thinking, such as brainstorming, Delphi 

technique, cross-impact technique and morphological box; scenario analysis, such as failure 

tree analysis (FTA); event tree analysis (ETA); scenario analysis; indicator analysis, such as 

critical incidents reporting and change-based risk management; functional analysis, such as, 

failure mode & effect analysis (FMEA), hazard and operability study (HAZOP); hazard 

analysis and critical control points (HACCP); and statistical methods, such as standard 

deviations, confidence intervals and Monte Carlo simulations. 

Under ONR 49002-3, the crisis and business continuity management system is described, 

which addresses risks that can hit an organization unexpectedly with high impact, even though 

the organization might have implemented preventive measurements before. The terms used are 

‘response’ and ‘recovery’ in the emergency and crisis management approach, where the main 

focus is how to react to such events and how to best establish the ongoing business after a high-

impact event. ONR 49003 describes the requirements for the qualifications of a risk manager, 

which can be obtain by studying for a risk manager certificate (Brühwiler, 2008). 

Other relevant standards include: 

• ONR 49000, Risk management for organizations and systems – Terms and principles 

• ONR 49001, Risk management for organizations and systems – Elements of the risk 

management systems 

• ONR 49002-1, Risk management for organizations and systems – Part 1: Guidelines 

for risk management 

• ONR 49002-2, Risk management for organizations and systems – Part 2: Guidelines 

for the integration of risk management into the general management system 
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• ONR 49003, Risk management for organizations and systems 

• ONORM S 2300, Risk, security and crisis management – Concepts 

• ONORM S 2310, Risk, security and crisis management – Selection and verification 

criteria for persons appointed for crisis management (Raz & Hillson, 2005). 

2.6.6. CAN/CSA Q850-97:1997 Risk Management Standard, Canada 

The Canadian Standards Association (CSA) in 1997 established the standard CAN/CSA-Q850-

97:1997, Risk management: guideline for decision makers. This standard includes the control 

of risk treatment actions, the establishment of a monitoring process, changing circumstances, 

performance, ensuring proper implementation, and verifying the correctness of assumptions. 

As for the control of the risk management process, the standard evaluates the effectiveness of 

the risk management decision process. 

2.6.7. COSO:2004 Risk Management Standard, USA 

The Committee of the Sponsoring Organization of the Treadway Commission (COSO) is the 

oldest risk management standard. It was organized in 1985 to sponsor the National Commission 

on fraudulent financial reporting, (an independent private-sector initiative that studied the 

causal factors that can lead to fraudulent financial reporting). In 1992 it was recognized by the 

Securities and Exchange Commission as the standard for internal control systems. The national 

commission was sponsored jointly by five major professional associations headquartered in the 

United States: the American Accounting Association (AAA), the American Institute of 

Certified Public Accountants (AICPA), Financial Executives International (FEI), the Institute 

of Internal Auditors (IIA) and the National Association of Accountants (now the Institute of 

Management Accountants, or the IMA).  

The 2004 edition is recognized as (ERM), “Enterprise Risk Management Framework” and 

defined as COSO:2004. The implementation of COSO is executed under the Sarbanes–Oxley 

(SOX) Acts from 2002. On 14 May 2013, COSO released an updated version of its Internal 

Control Integrated Framework, which is required for SOX 404 compliance (explained in 

section 2.7.2). The COSO risk framework is built on the key elements depicted in Figure 9. It 

is structured into eight components and organized by four objectives: strategic, operations, 

reporting and compliance. The third dimension of this matrix/cube is organizational: subsidiary, 
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business unit, division and entity. The eight interrelated components of COSO 2004 are (COSO, 

2013): 

• internal environment: establishing the tone of an organization, including “risk 

management philosophy and risk appetite, integrity and ethical values, and the 

environment in which they operate” 

• objective setting: ensuring that “management has in place a process to set objectives 

and that the chosen objectives support and align with the entity’s mission and are 

consistent with its risk appetite” 

• event identification: identifying internal and external events (risks and opportunities) 

that effect the achievement of a firm’s objectives 

• risk assessment: analysing risks “considering likelihood and impact, as a basis for 

determining how they should be managed” 

• risk response: selecting “responses” to identified risks and developing “a set of 

actions to align risks with the entity’s risk tolerances and risk appetite” 

• control activities: establishing and implementing policies and procedures “to help 

ensure the risk responses are effectively carried out” 

• information and communication: identifying, capturing and communicating 

information that is relevant “in a form and timeframe that enable people to carry 

out their responsibilities” 

• monitoring: monitor the risk management process and modifying the process as 

necessary. 

All eight components (see Figure 9), need to be implemented and integrated to provide 

effective ERM. The framework emphasizes on entity wide risk management across four 

objectives: strategic, operations, reporting, compliance. The COSO framework also 

emphasizes that risks are examined at each level of the organization (i.e., subsidiary, business 

units, division, entity) beginning with the entity level and aggregated across all levels so that a 

portfolio of risks can be managed holistically (Chapman, 2003). 

COSO points out that enterprise risk management is: 

… not static, or a strict serial process, but rather a continuous, multidirectional, iterative 

interplay of actions and processes, where almost any component can and does influence 
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another. These actions are pervasive and inherent in the way management runs the 

business (McConnell, 2005). 

Landsittel and Rittenberg (2010) highlighted that COSO’s ERM framework is not a solution 

or remedy for all problems, and is a challenge to implement. They invite research based on 

better understanding the framework.  

COSO and SCRM frameworks share many similarities, however there are also significant 

differences. The COSO framework explicitly identifies internal environment, objective setting, 

control activities and information & communications as key components of risk management. 

Some of those components are implied and/or integrated into some of the SCRM frameworks, 

but the COSO framework provides a more explicit and comprehensive framework. This might 

be expected as COSO is an “enterprise” framework, while the SCRM frameworks are more 

“operational” (Curkovic, Scannell, Wagner, & Vitek, 2013). 

COSO issued Enterprise Risk Management — Integrated Framework. This framework was 

updated with the release in 2017 of “Enterprise Risk Management–Integrating with Strategy 

and Performance,” which highlights the importance of considering risk in both the strategy-

setting process and in driving performance. 
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Figure 9: 2013, COSO Internal Control – Integrated Framework Principles Matrix/Cube 

Source: COSO, 2013 

Several professional standards or guides have also been developed over a period of time, and 

a short selection of such standards or guides are provided below. An exhaustive list of such 

professional standards or guides is not provided, nor will they be discussed in detail in this 

study. This section serves only as an indication of examples of professional standards and 

guides. 

2.6.8. Project Risk Analysis & Management (PRAM) Guide, UK 

The Association for Project Management (APM) did a substantial revision of its guide in 1997, 

leading to the current 2004 version. The Project Risk Analysis and Management (PRAM) Guide 

(2nd ed.) focuses on the risk issues that affect the project manager. It addresses how the risk 
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management process at project level connects to corporate- or program-level risk management 

(Bartlett, 2007).  

2.6.9. Guide to Project Management Body of Knowledge (PMBoK®), USA 

The Project Management Body of Knowledge developed this guide in 1983, and this edition 

was published in 1987. Today the PMBoK Guide 2000 edition is available for us in the USA, 

and it serves as a guide for project management globally. A strong focus is placed on process 

orientation (inputs/tools and techniques/outputs). It also addresses risk not only as a threat but 

also as an opportunity. 

2.6.10. Summary 

The standards presented above reflect a range of variations: some are general and others have 

more of a project focus. They are mainly focused on the process itself; none of the standards 

describes the required organizational structure needed to apply the process. Furthermore, little 

attention is paid to measuring the effectiveness of the risk management process itself, or 

providing efficient and effective feedback loops (Raz & Hillson, 2005). Although there are 

commonalities among the standards, they are not identical.   

2.7. Risk Management Regulations 

The increasing number of regulations—like Sarbanes–Oxley in the US, KonTraG in Germany, 

article 663b of the Swiss Code of Obligations and the Singapore Exchange (SGX) Listing Rules 

and Code of Corporate Governance—show that pressure on companies to conduct and comply 

with risk management and reporting practices is constantly rising. Some of the specific changes 

and requirements with regard to a limited selection of risk management issues are discussed 

briefly in the following sections. 

It is also important to understand that such reporting requirements are intended to help 

companies to evaluate various risks in the supply chain. Such risks include performance risks 

(e.g. when the supplier delivers inferior products), credit risk (e.g. possible default of the 

borrower), warehousing risk (e.g. inventory losses, theft, fraud) and transport risk (e.g. 
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breakage, losses, accidents). In addition, general risks affect all stages of the supply chain, such 

as political risk, price risk and other macroeconomic risks.  

2.7.1. Singapore: Listing Rules and Code of Corporate Governance 

Risk management awareness was brought to the fore in Singapore for listed companies with 

the issuance of the 2011 revision to the SGX Listing Rules and amendments to the Code of 

Corporate Governance.  

The specific amendments to the SGX Listing Rules (at 29 September 2011) were: 

• LR719(1) regarding internal controls was changed where:  

An issuer should have a robust and effective system of internal controls, 

addressing financial, operational and compliance risks. The audit committee (or 

such other committee responsible) may commission an independent audit on 

internal controls for its assurance, or where it is not satisfied with the systems 

of internal control. 

• LR1207(10) and LR610(5) were added to include: "Opinion of the board with the 

concurrence of the audit committee on the adequacy of the internal controls, addressing 

financial, operational and compliance risks" in the annual report (SGX, 2011). 

The specific amendments to the Singapore Code of Corporate Governance (May 2012) are 

under the section relating to risk management and internal controls, where various principles 

were strengthened or added. The specific principles are grouped under section 11 in the Code 

of Corporate Governance:  

Principle 11: The Board is responsible for the governance of risk. The Board should 

ensure that Management maintains a sound system of risk management and internal 

controls to safeguard shareholders’ interests and the company’s assets and should 

determine the nature and extent of the significant risks which the Board is willing to 

take in achieving its strategic objectives. 
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Principle 11.1: The Board should determine the company’s levels of risk tolerance and 

risk policies, and oversee Management in the design, implementation and monitoring 

of the risk management and internal control systems. 

Guideline 11.2: The Board should, at least annually, review the adequacy and 

effectiveness of the company’s risk management and internal control systems, 

including financial, operational, compliance and information technology controls.  

Guideline 11.3: The Board should comment on the adequacy and effectiveness of the 

internal controls, including financial, operational, compliance and information 

technology controls, and risk management systems, in the company's annual report. The 

Board should also comment in the company’s annual report on whether it has received 

assurance from the CEO and the CFO regarding the effectiveness of the company's risk 

management and internal control systems. 

Principle 11.4: The Board may establish a separate board risk committee or otherwise 

assess appropriate means to assist it in carrying out its responsibility of overseeing the 

company's risk management framework and policies (SGX, 2012).  

2.7.2. USA: Sarbanes–Oxley Act 

The Sarbanes–Oxley Act of 2002, enacted on 30 July 2002, was named after Paul Sarbanes 

and Mike Oxley, who were instrumental in establishing the act. It is also known as the Public 

Company Accounting Reform and Investor Protection Act in the Senate and the Corporate and 

Auditing Accountability and Responsibility Act in the House but more commonly the 

Sarbanes–Oxley, Sarbox or SOX. The act is a US federal law that sets new or expanded 

requirements for all US public company boards, management and public accounting firms. A 

number of provisions of the act also apply to privately held companies (e.g. the wilful 

destruction of evidence to impede a federal investigation). The bill contains 11 sections and 

was enacted as a reaction to a number of major corporate and accounting scandals in the US, 

such as those that affected Enron and WorldCom.  

The section of the bill that covers the responsibilities of a public corporation’s board of 

directors added criminal penalties for certain types of misconduct, which required the 
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Securities and Exchange Commission to create regulations to define how public corporations 

were to comply with the law. SOX 404 specifically outlines top down risk assessment 

requirements to comply with the mandatory Sarbanes–Oxley Act of 2002. This includes 

providing evidence to support management’s testing of its internal controls under SOX 404 

(Sarbanes & Oxley, 2002).  

2.7.3. Germany: KonTraG Corporate Control and Transparency Act 

The Act on Control and Transparency of Enterprises (KonTraG) in Germany entered into force 

on 1 May 1998. The aims of KonTraG are the improvement and clarification of duties of the 

work and reporting requirements of the boards of listed companies. Further, the act aims to 

instil improved transparency and strengthening of the shareholders’ position. It is now 

explicitly provided in the act that there be appropriate risk management in place, and that firms 

identify, communicate and monitor risks (Pausenberger & Nassauer, 2000). While the German 

legislation has been leading the way, recent European Directives were transformed by the 

European Union and, by 2005, risk reporting was mandatory in all member states of the 

European Union.  

2.7.4. Switzerland: Article 663b of the Swiss Code of Obligations 

As of 2008, Swiss law under article 663b provided for a new non-transferable and inalienable 

duty that the board of each and every corporation—listed or non-listed—must execute a formal 

risk assessment to be published in the annual financial statement’s attachment. In addition, the 

board assessment must be audited (Kunz, 2010). 

2.8. Chapter Summary 

As reflected in the literature, disruptions in supply chains can have substantial negative impacts 

for companies, their stakeholders, society and the environment. Recent trends have further 

increased vulnerability in supply chains. Globalization, low-cost sourcing, lean manufacturing 

with little inventories left in systems, outsourcing, specializing, faster time to market and 

shorter product lifecycles are just some examples of factors contributing to this phenomenon. 

Practitioners and academics are increasingly realizing the importance of SCRM, putting 

standards, frameworks and strategies in place to ensure business continuity. Managing supply 

chain risk is today not just limited to ensuring that goods and services are getting to the right 
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place at the right time with the correct quality and quantity; concurrently, the risks associated 

with performing those activities must also be managed.  

Reporting regulations and requirements have been established to enhance companies’ risk 

awareness and assessments to put countermeasures in place to support risk mitigation and to 

limit or transfer risks. Companies that effectively manage supply chain risk can increase their 

market image, be cost- and asset-efficient, gain competitive advantage and create potentially 

increased shareholder value. Even though SCRM has gained importance over the past decade, 

there exists great diversity on risk management. Overall, there is still a lack of information on 

how to identify key supply chain risks and how to implement the appropriate methods and tools 

to help practitioners to manage and respond to risks. Harland et al. (2003), who conducted four 

case studies in the electronics sector, concluded that, in the supply chains examined, less than 

50% of the risk was visible to the focal company.  

The review of existing literature presented in this chapter has identified gaps where further 

research is required. Vanany, Zailani, and Pujawan (2009) determined, after an extensive 

literature review of existing SCRM literature, that the catastrophic risk type has received 

relatively less attention in comparison with other risk types, such as operational risks for SCRM. 

Reviewing the literature for discussions of the macroenvironment, as referred to in the 

Deloitte’s model (see section 2.3) also yielded few findings for the field of SCRM. It remains 

unclear how recent catastrophic events, such as the tsunami in Japan, or other large-scale 

natural or man-made catastrophic events have influenced SCRM practices. Although there is a 

clear need to build resilience to catastrophic events in supply chains, the supply chain literature 

provides only limited direction to specifically evaluate and consequently plan for catastrophic 

risk (Knemeyer et al., 2009). Further, the literature generally lacks discussion of company 

practice for supporting risk management.  

In light of this gap in the literature, this study proposes the research questions outlined in 

Chapter 3, to contribute to knowledge in this field and attempt to close this gap. The objective 

of this literature review was threefold. First, it provided an overview of behavioural science 

theories, and specifically the setting in which this study intends to contribute by providing a 

detailed literature review for SCRM. Second, it identified a research gap and areas for further 

research. Third, it formulated the research questions, resulting from identified gaps in the 

literature, which will support the advancement of knowledge and theory-building to improve 

theoretical and practical implications in the area of SCRM. With the identified need for further 
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research in SCRM and the formulation of the research questions, presented in the following 

chapter, this study will contribute to professional knowledge and theory development, and help 

academics and practitioners to further enhance the field of SCRM. Further, it will assist in the 

understanding of current SCRM practices as they are influenced by behaviour, managers’ 

levels of understanding, management support and the perceived risk of catastrophic events. 

In summary following gaps have been identified: 

- limited understanding and lack of discussion of current SCRM practices and how they are 

influenced by human behaviours, specifically by managers’ levels of understanding and by 

management support for SCRM.  

- catastrophic risk type has received relatively less attention in comparison with other risk types, 

such as operational risks for SCRM.  

- limited presence and analysis of behavioural related conceptual frameworks for SCRM. 

This leads to the development of the research questions presented in the next chapter. 
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3. Research Questions 

The research questions were based on the identified gaps from the literature review. They focus 

on SCRM practices from the perspective of Singapore companies in the manufacturing, and 

transport and storage areas.  

The study addresses four research questions: 

• What are supply chain risk management (SCRM) practices in Singapore 

companies? 

• How did the level of understanding and management support influence supply 

chain management (SCRM) practices in Singapore companies? 

• How did perceived risk of catastrophic events impact supply chain risk 

management (SCRM) practices in Singapore companies? 

• What newly identified and tested relationship paths exist? 

There is a lack of theory-grounded empirical research in the field of SCRM. This aided the 

formulation of the research questions. The aim of this study and the research close this gap by 

contributing to theory-building and the body of knowledge, for the industry and its participants, 

policymakers and society at large with an interest in the field of SCRM. 
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4. Research Methodology and Research Design 

This section provides a brief overview of the research methodology and design used for this 

study. It further elaborates on the intended model to be used and explains the reasons for the 

intended pilot study, to enable the drawing of logical and valid arguments and inferences. 

Ethical considerations are briefly explained. The chapter concludes with a summary. 

 

Figure 10: Schematic overview of key elements of methodology and design chapter 

4.1. Research Methodology and Design Method  

The aim of this study is to investigate current SCRM practices in Singapore companies. 

Additionally, the selected stimuli for such practices are investigated. The most suitable 

approach is the positivistic paradigm, which is in line with the researcher’s own perceptions. 

Under the positivistic paradigm approach, the researcher observes the investigation domain, 

remaining unaffected by the problem area, and acts as a spectator. This supports the idea that 

the act of investigating reality has no effect on that reality itself (Nwokah, Kiabel, & Briggs, 

2009, p. 436). Analogically, a methodology is a domain or a map, while a method refers to a 

set of steps to travel between two places on the map (Jonker & Pennink, 2010). In other words, 

a method is a practical application of doing research, whereas a methodology is the theoretical 

and ideological foundation of a method. It is important for a research design to connect a 

methodology and an appropriate set of research methods in order to address research questions 

and/or hypotheses to examine social phenomena (Wahyuni, 2012).  

As stated by Simon (1980), the production of knowledge depends very much on the techniques 

for collecting, analysing and interpreting data and the way they are applied. Cavana, Delahaye 

and Sekaran (2001) elaborated that research design typically involves a rational decision-

making process and includes issues relating to research method, the research instrument, the 

study setting and other factors. According to Collis and Hussey (2009), the main types of 

research design suited for the positivistic methodology are experimental, correlational field 

study, survey, case study and longitudinal study. Tanur (1981) pointed out that a research 
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survey is a means of gathering information about the characteristics, actions or opinions of a 

large group of people, referred to as a population. 

Pinsonneault and Kraemer (1993) highlighted that surveys conducted for research purposes 

have three distinct characteristics. First, the purpose of survey is to produce quantitative 

descriptions of some aspects of the study population. Survey analysis may be primarily 

concerned either with relationships between variables or with projecting findings descriptively 

to a predefined population (Glock & Bennett, 1967). Survey research is a quantitative method, 

requiring standardized information from and/or about the subjects being studied. The subjects 

studied might be individuals, groups, organizations or communities; they also might be projects, 

applications or systems. The main way of collecting information is to ask subjects structured 

and predefined questions. Their answers, which might refer to themselves or some other unit 

of analysis, constitute the data to be analysed. The information is generally collected about only 

a fraction of the study population, referred to as a sample, but it is collected in such a way as 

to be able to generalize the findings to the whole population. Usually, the sample has to be 

large enough to allow extensive statistical analysis. 

In the positivistic paradigm, the ideal is that the researcher is objective and non-interactive. 

The researcher should try to act from an outside view, noting observations but not getting 

directly involved or citing any position. This kind of research approach should be conducted in 

a manner so that readers of the study are convinced not only that the study results are correct 

but also that it can be repeated. This means the foundation and possibility has to be established, 

explained and described, and results must be able to be verified/falsified by others, following 

the same study settings. Glanz and Rimer (2005) identified that the use of theory as a systematic 

way of understanding events, behaviours or situations is an important discipline of social 

psychology. To discuss and deepen the understanding of human factors, such as perceptions, 

attitudes and behaviours, that contribute to or influence the SCRM practices, different theories 

will be analysed. Creswell (2003, p. 52) stated that in formulating quantitative theories there is 

first a need to understand the variables that affect a characteristic or attribute of an individual 

or organization that can be measured or observed. Such characteristics or attributes vary among 

the people or organizations being studied.  

In summary, this research focuses on testing theoretical predictions through the use of precise 

measurements of variables. The aim of this research is to identify the various human factors 
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that influence SCRM practices, by means of hypothesis testing. It is evident that this study 

leans towards the positivistic paradigm approach. An additional aim of the study is to establish 

relationships between variables and link them to a theory (rather than developing theory). 

Throughout this process, the researcher will observe the problem domain and remain neutral 

throughout the study. As such, the researcher will remain unaffected by the problem domain 

(i.e. SCRM). This position reflects the positivistic paradigm approach that has been selected 

for this study. In line with other researchers, Tharenou et al. (2007) suggested quantitative 

analyses are well suited for such measurements. In agreement, Creswell (2003) identified that 

the quantitative approach is best suited to research problems that seek to identify factors that 

influence an outcome, and to testing a theory to accomplish the established study objectives. 

4.2. Theory of Reasoned Action (TRA) 

Since its inception, TRA has been widely used in research in the field of attitude–behaviour (Olson & Zanna, 1993). 

TRA posits that a person’s intention to perform a behaviour is a predictor of subsequent behaviour. Intention, in turn, 

is predicted by attitude towards the behaviour and perceived social norms about performing the behaviour (Beadnell 

et al., 2008). The model, presented in  

Figure 11, is a well-researched intention model developed for predicting and understanding the 

relationship between attitude and behaviour, where behaviour can be governed partly by 

people’s anticipation of how they will feel about themselves if they do or do not perform a 

certain behaviour (Montano & Kasprzyk, 2008). Sheppard, Hartwick, and Warshaw (1988) 

stated that the model predicts behavioural intentions and behaviour quite well and is useful for 

identifying where and how to target strategies for changing behaviour. In the TRA model, the 

variables reflect psychological constructs and have special meanings within the theory (Francis 

et al., 2004, p. 8), and decisions are represented by intentions. Langdridge, Sheeran, and 

Connolly (2007) elaborated that the most immediate and important predictor of behaviour in 

the TRA model is the person’s intention to perform the behaviour. Fishbein and Ajzen (2011, 

p. 39) stated that behavioural intentions are “indicators of a person’s readiness to perform a 

behaviour”. Warshaw and Davis (1985) criticized this perspective on the grounds that it does 

not capture the common-sense notion of intentions held by most people. Ajzen and Fishbein 

(1975, p. 288) originally defined intentions as “people’s expectancies about their own 

behaviour in a given setting” and operationalized intentions as the likelihood that one intends 

to act. One of the setbacks of the behavioural intentions is the extent to which manifesting the 

behaviour is a high-priority personal goal for the individual (Friedkin, 2010, p. 203). Ajzen 

(1991, p. 181) explained:  
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Intentions are assumed to capture the motivational factors that influence a behaviour; 

they are indications of how hard people are willing to try, of how much of an effort they 

are planning to exert, in order to perform the behaviour. As a general rule, the stronger 

the intention to engage in a behaviour, the more likely should be its performance. (p. 

181) 

 

Figure 11: Theory of reasoned action (TRA) 

Source: Ajzen & Fishbein, 1975  

Table 4 provides the definition of constructs for the TRA model. 

Table 4: Constructs and definitions of the TRA model 

Construct Definition 

Behavioural belief Belief that behavioural performance is associated with certain 

attributes or outcomes 

Evaluations of behavioural 

outcomes 

Value attached to a behavioural outcome or attribute 

Normative beliefs Belief about whether each referent approves or disapproves of the 

behaviour 

Motivation to comply Motivation to do what each referent thinks 

Attitude towards behaviour Overall evaluation of the behaviour 

Subjective norm Belief about whether most people approve or disapprove of the 

behaviour 

Behavioural intention Perceived likelihood of performing the behaviour 

Behaviour Action that will or will not take place 

Source: Extracted from Glanz, Rimer, & Viswanath, 2008  

Sheppard et al. (1988) proposed that intentions correspond most closely to whether a person 

has formulated conscious plans to act, and that their expectations should be a better predictor 

of actual behaviour because they consider their own intentions, abilities to act and assessment 
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of the situation in which they will act, in terms of impediments or facilitators of action. The 

intention towards a behaviour in the TRA model stems from the attitude towards the behaviour 

as well as subjective norms. Attitude is the person’s overall evaluation of what it would be like 

to perform a behaviour, whereas subjective norm refers to the person’s perceptions of social 

pressure to perform, or not to perform, the behaviour (Langdridge et al., 2007). Armitage and 

Conner (2001) argued that TRA could adequately predict behaviours that were relatively 

straightforward (i.e. under volitional control); under circumstances where there were 

constraints on actions, the mere formation of an intention was insufficient to predict behaviour. 

Even though this assumption has received many criticisms, in general it is argued that 

individuals are more disposed (i.e. intend) to engage in behaviours that are believed to be 

achievable (Bandura, 2012). Langdridge et al. (2007) stated that the TRA was designed to 

predict volitional behaviours, or behaviours over which the individual has a good deal of 

control. To elaborate, Ajzen (1991, pp. 181–182) supported the position:  

… it should be clear, however, that behavioural intention can find expression in 

behaviour only if the behaviour in question is under volitional control, i.e., if the person 

can decide at will to perform or not perform the behaviour.  

Additional variables have been tested for inclusion or expansion of the TRA model, such as 

(but not limited to) the inclusion of personal norms by Fishbein (1967); moral obligations by 

Gorsuch and Ortberg (1983) and Zuckerman and Reis (1978); and competing attitudes by 

Davidson and Morrison (1983). Ajzen (1985) proposed an extension of the TRA model by 

incorporating the concept of perceived control over behavioural achievement as a determinant 

of behavioural intentions and behaviour. The extension of the TRA model gave way to the 

development of the theory of planned behaviour (TPB) model, discussed in the next section. 

4.3. Theory of Planned Behaviour (TPB) 

TPB, developed by Ajzen (1985), extends the TRA model by broadening the condition of no 

or low volitional control inherent in the TRA model. This is achieved by including beliefs 

regarding the possession of requisite resources and opportunities for performing a given 

behaviour (Madden, Ellen, & Ajzen, 1992). The additional predictor added to the model, 

depicted in Figure 12, was named the perceived behavioural control (PBC) variable. PBC 

measures a person’s perception of control over performing a given behaviour (Rawstorne, 
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Jayasuriya, & Caputi, 2000) and has been theorized to predict and explain both intention and 

behaviour (Ajzen, 1985). The more resources and opportunities individuals think they possess, 

the greater should be their PCB over the behaviour (Madden et al., 1992)  

 

Figure 12: Theory of planned behaviour (TPB) 

Source: Ajzen, 1991 

Francis et al. (2004, p. 9) elaborated that PBC is “the extent to which a person feels able to 

enact the behaviour”. PBC is included as an exogenous variable in the TPB model, and it  has 

both a direct effect on behaviour and an indirect effect on behaviour through intentions 

(Madden et al., 1992). PBC has two aspects Francis et al. (2004): how much an individual has 

control over the behaviour and how confident an individual feels about being able to perform 

or not perform the behaviour. 

In applying the TPB to predict whether a person intends to do something, Francis et al. (2004, 

p. 7) highlighted that the following situations must be comprehended: 

• attitude: whether the person is in favour of doing it 

• subjective norm: how much the person feels social pressure to do it 

• perceived behavioural control: whether the person feels in control of the action in 

question. 
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Bandura, Adams, Hardy and Howells (1980) provided empirical evidence that people’s 

behaviour is strongly influenced by the confidence they have in their ability to perform the 

behaviour. The structural link from PBC to intentions reflects the motivational influence of 

control on behaviour through intentions. Rise, Sheeran, and Hukkelberg (2010) stated that the 

TPB model assumes:  

… the more positive the person's attitude, the stronger the subjective norms and the 

greater the perceived control over the behaviour, the more likely it is that the person 

will intend to perform the behaviour. (p. 1068) 

Sniehotta (2009, p. 262) stated “the stronger the intention and PBC towards a behaviour, the 

more likely one is to take the intended action”. Based on the TPB, behaviour is observed as a 

linear function of intention and PBC, while intention is conjectured to be a linear function of 

PBC combined with attitudes towards and/or subjective norms about the target behaviour 

(Ajzen, 1991). TPB predicts possible effects of PBC on behaviour. PBC reflects motivational 

factors that have an indirect effect on behaviour through intentions. Additionally, PCB reflects 

actual control and has a direct link to behaviour not mediated by intentions (Madden et al., 

1992). Ajzen (1991) summarized the TPB as follows:  

Intentions to perform behaviours of different kinds can be predicted with high accuracy 

from attitudes towards the behaviour, subjective norms, and perceived behavioural 

control; and these intentions, together with perceptions of behavioural control, account 

for considerable variance in actual behaviour. (p. 179) 

Trafimow (2009) stated that TRA and TPB are among the most extensive and influential 

research models in the history of social psychology, supported by the thousands of studies that 

have been conducted using the two theories singly or jointly. However, new or adjusted models 

do still emerge in social science research. In the next section, the development of TAM is 

presented. 

4.4. Technology Acceptance Model (TAM) 

TAM was developed by Davis (1986) to empirically test end user information systems. In his 

study, Davis (1987) developed the model to predict and explain factors associated with 
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computer usage behaviour. Over the years, the model gained popularity in the IS domain; it is 

now one of the most influential and commonly employed theories for describing an individual’s 

acceptance of an information system (Morris & Dillon, 1997; Straub & Burton-Jones, 2007; 

Suh & Han, 2003; Yeung, Lee, & Chan, 2003). TAM has been applied in many studies and has 

been adapted, extended or modified for use in many different settings. Han (2003) as well as 

Lai and Zainal (2015) noted that using TAM capability was favourable compared with TRA 

and TPB. Bagozzi (2007) stated: “TAM has consistently outperformed the TRA and TPB in 

terms of explained variance across many studies (Bagozzi, 2007, p. 244). TAM has a strong 

theoretical base, provides adequate explanation and prediction of diverse user population’s 

acceptance of a wide range of systems and technologies within varying organizational and 

cultural contexts and expertise levels (Yousafzai, Foxall, & Pallister, 2007, p. 264), it has 

accumulated strong empirical support for its overall explanatory power and has emerged as a 

pre-eminent model of users acceptance of technology (Chau, 1996; Hu et al., 1999; Mathieson, 

1991; Szajna, 1996). King and He (2006, p. 740) identified a further reason for TAM’s 

popularity and acceptance: it is understandable and simple. The original model is depicted in 

Figure 13.  

 

Figure 13: TAM original technology acceptance model 

Source: Davis, 1986 

Burton-Jones and Hubona (2006) elaborated that TAM is based on four key stages:  

(1) external variables (in this case user training) influences user beliefs about using the 

system 

(2) user beliefs influence their attitudes about using a system 
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(3) user attitudes influence their intentions to use a system 

(4) user intentions determine the level of usage of the system. 

Davis and Venkatesh (1996) further refined the original model, as it was found through 

subsequent research that the effect of perceived usefulness on intention is only partially 

mediated by attitude towards using a system. Davis, Bagozzi, and Warshaw (1989) explained 

this as being attributable to the fact that in work settings people may use a technology even if 

they do not have a positive attitude towards using it, because it may provide productivity 

enhancement and therefore be viewed as being useful to them. The original theoretical TAM 

included the attitude construct. However, based on empirical evidence, the final TAM (Davis 

et al., 1989, pp. 995–996) excluded the attitude construct because attitude did not fully mediate 

the effect of perceived usefulness on intention. The refined TAM, without the attitude variable, 

is depicted in Figure 14. 

 

Figure 14: Refined TAM without attitude variable 

Source: Davis and Venkatesh, 1996 

4.4.1. Criticism of the Theoretical TAM 

For most theoretical models, there will be valid and strong arguments for the model itself and 

its selection for use in specific circumstances; at the same time, there will be arguments against 

it. In order to consider alternative perceptions to gain a comprehensive overview of the model, 

different viewpoints are also considered. Benbasat and Barki (2007) argue that a great deal of 

the IS field’s attention has been consumed by TAM studies and that the basic TAM has been 

established “almost to the point of certainty” (p. 225). In their view, this is interpreted as being 
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ironic in many ways, as it gives the impression that TAM is the only way to study IS adoption. 

This has led to “theoretical confusion” rather than to theoretical clarity for the IS field. Part of 

this theoretical confusion is based, in their view, on the idea that a theory needs to provide 

“actionable” (p. 224) advice, where TAM, from their standpoint, is highly deficient in this 

regard. 

In their meta-analysis of TAM, Lee, Kozar and Larsen (2003) also make this point abundantly 

clear. They estimate that about 10% of the total journal capacity in the field is occupied by 

TAM studies. Given the wide range of topics that are generally considered to be integral to the 

IS field, this seems to be far too high. Straub, Boudreau, and Gefen (2004) argue that theories 

are more robust when variant forms of measurement, resulting in similar conclusions, are 

applied. TAM has its roots in TRA, which is best suited to measuring behaviours under 

volitional control settings. This raises the concern that TAM might not be suitable under 

mandatory system settings.  

According to Sørebø and Eikebrokk (2008), mandatory system use means the user does not 

have a choice in whether they will use a specific system. Given the requirement to use a specific 

system through regulations set by reporting standards, legislation or other non-volatile 

directives and instructions (e.g. from company headquarters) in the context of SCRM practices, 

there is a need to further investigate possible models under volitional and mandatory usage of 

a systems. The assumption here is that—at least for companies that have adopted SCRM 

practices—this is not entirely based on their volitional choice; as such, managers in charge 

might have some restrictions to freely select the use of a system. However, for companies 

without such requirements or not yet having implemented SCRM practices, this might be 

different.  

The next section outlines the considerations for the use of the TRA model and the TPB model 

for the proposed conceptual research model for this study. 

4.5. Proposed Conceptual Research Model 

The proposed conceptual model established for this study will make use of the original TAM model as the main basis, 

as it is assumed that behavioural intentions towards SCRM practices are guided by attitudes towards using it or 

enhancing it, user beliefs, knowledge or experience, and additional external variables.  

Figure 15 depicts the proposed conceptual model for this study. Harland et al. (2003) stated that attitude towards risk 

depends on trade-offs made by organizations—that is, what is deemed as an acceptable level of risk, the size of the 

benefit and the attitude of the organization concerning risk-taking. Some organizations and individuals are highly risk 
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averse; others are risk takers. Attitude towards risk and using a system is influenced by the nature of the business as 

well as the individual style and behaviour of those executing or enacting it. It is assumed that decisions around risk can 

change with, apart from other criteria, the level of understanding of SCRM practices to mitigate risks and the level of 

management support provided for acting on and obtaining recognition for efforts around SCRM practices. The 

perceived risk of catastrophic events (PRCE), as a cognitive response, is also assumed to influence SCRM practices.  

Figure 15, depicts the various path assumptions, which are explained in the next chapter.  

 

Figure 15: Proposed conceptual research model for this study 

Source: Adapted from TAM (Davis et al., 1989)  

4.6. Construct Details of the Conceptual Research Model 

This section provides additional details about the selected constructs of the proposed research 

model. As stated previously, the proposed research model is largely based on TAM, which 

incorporates the relationship of independent variables or external variables in the model with 

the constructs of cognitive response for perceived usefulness of a system, perceived ease of use 

of a system and the additional construct of perceived risk of catastrophic events in the context 

of SCRM. TAM has been modified in previous research, predominately in four areas, which 

are outlined in this section.  

The first area of modification is the inclusion of constructs of external precursors, such as (but 

not limited to) situational involvement (Jackson, Chow, & Leitch, 1997), prior usage or 

experience (Oh, Ahn, & Kim, 2003; Venkatesh & Morris, 2000), personal computer self-
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efficacy (Davis & Venkatesh, 1996) and knowledge (Money & Turner, 2004). Among the 

categories of external variables identified by Almeida, Cruz, Ferreira and Pinto (2009), the 

socio-cultural associated external variable linked to social values and social behaviours will be 

excluded in this study. The rationale for such exclusion is based on SCRM operating in 

mandated and non-mandated use environments, whereas for the mandated environment the 

socially accepted norm is to use SCRM. The intrapersonal and interpersonal associated external 

variables relating to individual actions/behaviours, and the organizational facilitating variable 

are chosen for this study. Two specific external variables are identified: the level of 

understanding (LOU) of SCRM for the former and management support (MS) for the latter. 

This is consistent with the study by Igbaria and Iivari (1995) that investigated the effects of 

individual and organizational facilitating factors and found that user training, user knowledge 

and managerial support significantly affect perceived usefulness, perceived ease of use and 

system usage. 

The second modification to the TAM model is the incorporation of factors suggested by other 

theories intended to increase TAM’s predictive power. These include (but are not limited to) 

subjective norms (Hardgrave, Davis, & Riemenschneider, 2003), expectations (Venkatesh, 

Morris, Davis, & Davis, 2003), task–technology fit (Dishaw & Strong, 1999), perceived risk 

(Featherman & Pavlou, 2003; Featherman & Wells, 2004; Pavlou, 2003) and trust (Gefen, 2004; 

Gefen, Karahanna, & Straub, 2003). 

The third area for modification of the TAM model is the incorporation of contextual factors 

that may have moderator effects, such as (but not limited to) gender, culture (Huang, Lu, & 

Wong, 2003; Straub, Keil, & Brenner, 1997) and technology characteristics (Plouffe, Hulland, 

& Vandenbosch, 2001). 

The fourth area for modification of the TAM model is the inclusion of consequence measures, 

such as (but not limited to) attitude (Davis et al., 1989), perceptual usage (Horton, Buck, 

Waterson, & Clegg, 2001; Moon & Kim, 2001; Szajna, 1996) and actual usage (Davis & 

Venkatesh, 2004). 

In the next section, further definitions are provided for the constructs of the conceptual research 

model. 
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4.6.1. Definitions of Constructs 

Eight constructs were selected for use in this study. This section provides general definitions 

for each of the constructs, to enhance the understanding of the constructs’ objectives and what 

they are designed to capture. In the context of this study, all constructs are to be viewed in the 

framework of SCRM. This entails the SCRM practices, tools and techniques to implement and 

execute strategies to manage both everyday and exceptional risks along the supply chain, based 

on continued risk assessments, classifications, and quantification and its related mitigation 

actions. All of those factors have the underlying objective of reducing supply chain 

vulnerability and ensuring continuity at an economically feasible level for the supply chain.  

The constructs used in this study are defined as follows: 

(1) level of understanding of SCRM (LOU): the degree to which an individual believes that 

they possess adequate understanding using a particular system   

(2) management support of SCRM (MS): the degree to which an individual believes that 

they obtain sufficient management support, resources, training, time allocation and 

encouragement to use a particular system  

(3) perceived usefulness of SCRM (PU): the degree to which an individual believes that 

using a particular system would enhance their job performance (Davis, 1989, p.320)  

(4) perceived ease of use of SCRM (PEOU): the degree to which the prospective user 

expects the target system to be free of effort (Davis, 1989, p.320) 

(5) perceived risk of catastrophic events (PRCE): the degree to which an individual is 

anxious of risks from catastrophic events (low-probability/high-impact events). ‘Risk’, 

as such, for the purpose of this study, is defined and associated with ‘negative or adverse’ 

consequences, where the probabilities of outcomes are severe but uncertain. 

(6) attitude towards using SCRM (A): the degree to which an individual refers to positive 

or negative feelings (evaluative effect) about using a particular system (Davis, Bagozzi, 

& Warshaw, 1989)  

(7) intention to use SCRM (IU): the degree to which an individual’s state of mind drives 

them to carry out a behaviour (Francis et al., 2004)  

(8) actual use of SCRM (AU): the degree to which an individual user employs one or more 

features of a system to perform a task (Burton-Jones & Straub, 2006). 
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4.6.2. Level of Understanding of SCRM (LOU) 

Level of understanding (LOU) was selected because having overall knowledge and 

understanding of SCRM practices, tools and techniques is regarded as a fundamental element 

that any SCRM practitioner would need to possess in order to adequately use SCRM in practice. 

Studies in other fields of management and systems use, such as (but not limited to) quality 

systems or IT systems, have identified that problems with interpreting standards and procedures, 

or understanding overall concepts contribute to subsequent difficulties in implementing and 

using systems effectively (Ali, Zairi, & Mahat, 2008; Idris, McEwan, & Belavendram, 1996; 

Landin, 2000; Park, Kim, Kang, & Jung, 2007).  

Magd and Curry (2003) argued that having a high level of understanding of the purpose of 

specific systems leads to more likely successful implementation and use of such systems. Ab 

Wahid and Corner (2009) reflected that “understanding” is a critical factor in successful 

maintenance of systems. Fui-Hoon Nah, Lee-Shang Lau, and Kuang (2001) highlighted that 

business knowledge and systems knowledge are critical success factors when implementing 

systems. Yeung et al. (2003) and Theng and Wan (2007) identified, similarly, that the level of 

understanding of systems is of high importance. Lambert, Cooper, and Pagh (1998) stated that 

a key element of managing supply chains effectively is to have an explicit knowledge and 

understanding of them. Hall (1999) argues that a company’s skills and assets, among other 

factors, include its employees’ know-how, which gives it a relative advantage in managing 

respective business processes. Organizations that employ highly qualified and knowledgeable 

staff potentially reduce risk, because those individuals do possess the appropriate level of 

understanding and have the required competencies to manage risks (Smeltzer & Siferd, 1998).  

In this study, level of understanding (LOU) is operationalized to draw upon questions around 

awareness of tools and techniques for effective SCRM practices, ongoing risk assessments and 

mitigation strategies, know-how, decision-making and continued SCRM learning. 

4.6.3. Management Support for SCRM (MS) 

Management support (MS) was chosen as a construct because the importance of the 

management role is greatly emphasized in the supply chain literature (Hahn, Watts, & Kim, 

1990; Krause, 1999; Monczka, Trent, & Callahan, 1993; Ward, Leong, & Boyer, 1994). Top-
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level managers have a better understanding of the needs of supply chain management and 

SCRM practices because they are the most cognizant of the firm’s strategic imperatives to 

remain competitive in the marketplace (Hahn et al., 1990). Monczka et al. (1993) noted that 

management must commit time, personnel and financial resources to support the organization, 

internally and externally (e.g. suppliers who are willing to be a long-term partner of the 

company through supplier development). One of the major functions of management 

executives is to influence the setting of organizational values and develop suitable management 

styles to improve the firm’s effectiveness and performance.  

Prior research has noted that management must be aware of the competitive benefits that can 

be derived from the impacts of risks (e.g. strategic purchasing, IT) on effective supply 

relationships. Other studies have identified that it is crucial that organizations have 

management support for strategic purchasing, supplier relationship development, adoption of 

advanced IT, risk management and successful implementation and maintenance of 

management systems (Hahn et al., 1990; Krause, 1999; Krause & Ellram, 1997; Monczka et 

al., 1993). Ajzen (1991) argued that “the resources and opportunities available to a person must 

to some extent dictate the likelihood of behavioural achievement” (p. 183). Numerous 

indicators of institutional factors have been studied, such as user training (Fuerst & Cheney, 

1982; Leonard-Barton & Deschamps, 1988; Raymond & Paré, 1992; Sanders & Courtney, 

1985), knowledge management (Boynton & Zmud, 1984; Pennings & Harianto, 1992) and 

organizational support (DeLone & McLean, 1992; Leonard-Barton & Deschamps, 1988; 

Monge, Cozzens, & Contractor, 1992). One institutional factor that has received consistent 

attention in the literature as an important influence on technology adoption in organizations is 

managerial commitment and support (Agarwal, 2000).  

Zmud (1984) highlights that the literature has shown the importance of support from high-level 

management, and its attitudes, to the successful implementation of an innovation. Management 

support can come in many forms. Essentially, it requires the allocation of scarce organizational 

resources to achieve a particular goal. Without the active support of management, such 

allocations of resources are unlikely to occur. Managerial commitment may be demonstrated 

in a variety of ways, such as through the provision of appropriate messages, encouragement of 

technology use, “leading by example” or assurances regarding the availability of resources. 

Sanders and Courtney (1985) reaffirmed that top-level management support is an important 

correlate of successful decision support systems. Management support and the effective 
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functioning of SCRM not only require an individual’s effort but also cooperation and 

management support. Such support is further important in the context of SCRM because, if a 

risk never materializes, it becomes very difficult for individuals associated with the task to 

justify the time spent on risk identification, risk mitigation or contingency plans, and risk 

management (Zsidisin et al., 2000).  

In this study, the management support (MS) construct is operationalized by asking questions 

about levels of resources dedicated to SCRM, frequency of management meetings dedicated to 

SCRM, training for SCRM, and acknowledgment of contributions from top-level management 

for SCRM practices. 

4.6.4. Perceived Risk of Catastrophic Events for SCRM (PRCE) 

Perceived risk of catastrophic events (PRCE) was chosen as a construct because many studies 

highlighted the importance of risk to decision-making, shown by its position in decision theory 

(Allais, 1953; Arrow, 1965), by its standing in managerial ideology (Peters & Waterman, 1982) 

and by the growing interest in risk assessment and risk management practices (Crouch & 

Wilson, 1982).  

In recent years, risk has come to prominence, with a stronger “fear” element to the term than 

was previously the case. Early research into risk perception in the late 1970s resulted in the 

development of a theory of risk perception known as the psychometric paradigm (Fischhoff, 

Slovic, Lichtenstein, Read, & Combs, 1978; Slovic, Fischhoff, & Lichtenstein, 1980). This 

research suggested that people judge risk in terms of psychological dimensions rather than 

probability and harm (e.g. the familiarity of the risk, willingness to take a risk in general, 

catastrophic potential of the risk, possible benefits) (Slovic, 1992). These psychological factors 

were used to explain public responses to low-probability technological risks.  

Cox and Rich (1964) argued that perceived risk is a major behavioural determinant, and further 

studies have proven it. Beck (1992) coined the phrase ‘risk society’; he identified a form of 

disaster risk associated with industrialization and extremity, although in probabilistic terms 

they were often highly unlikely or low-catastrophic events. This position has been described as 

a feeling that “immediately we are in the midst of terribly low probabilities of awfully terrible 
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events” (Douglas & Wildavsky, 1982, p. 39). Risk perception has been defined as “a decision 

maker’s assessment of the risk inherent in a situation” (Sitkin & Pablo, 1992, p. 12).  

Risk is perceived and acted upon in two fundamental ways. Risk as a feeling refers to an 

individual’s instinctive and intuitive reactions to danger. Risk as analysis brings to bear logic, 

reason and scientific deliberation on risk management practices (Slovic & Peters, 2006). 

Perceived risk or uncertainty affects people’s confidence in their decisions and actions. Risky 

situations can include those in which the probabilities of outcomes are not known, as well as 

those where the outcome is either known or unknown. If a technology or system which could 

help to minimize or reduce risk is not used, is inappropriately used or fails to deliver its 

expected outcome, it might result in a loss to individuals, firms or society at large, considering 

its financial, psychological, physical or social impacts.  

Research by Rottenstreich and Hsee (2001) demonstrates that events associated with strong 

feelings can overwhelm us, even if their likelihood is remote. Studies of lay risk perceptions 

(Fischhoff et al., 1978; Stallen & Tomas, 1984) have shown that concerns about technological 

risks can be predicted quite well by two “subjective dimensions of risk”. These dimensions 

recapitulate a large number of individual factors of perceived risk. They may be described as 

reflecting the degree to which the risk is unknown and the degree to which the risk induces a 

feeling of fear. The former expresses aversion to uncertainty and thus represents cognitive or 

intellectual aspects of concern, whereas the latter captures a risk’s ability to evoke an intuitive 

response. This takes these dimensions from the domain of prediction to the domain of 

prescription, from anticipating how people will respond to technologies to guiding how those 

technologies will be shaped, implemented or used (Fischhoff, Slovic, Lichtenstein, Read, & 

Combs, 1978).  

Researchers have so far produced somewhat conflicting findings with respect to whether 

managers will pay too little or too much attention to the low probabilities and high 

consequences associated with catastrophic events. March and Shapira (1987) found that 

outcomes with extremely low probabilities seem to be ignored, regardless of their potential 

significance. Dutton (1988) proclaimed that, when uncertainty is high, managers will 

underestimate the importance of an issue. Additionally, Lovallo and Kahneman (2003) suggest 

that managers are prone to the illusion that they are in control. This inherent optimism can 

cause them to ignore or downplay the possibility of random or uncontrollable occurrences that 
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may hinder their progress towards a goal. On the other hand, some psychological studies of 

individual decision-making processes suggest that managers in general overweight low 

probabilities (Kahneman & Tversky, 1979), particularly when the low probabilities are 

associated with particularly devastating events (Johnson, Hershey, Meszaros, & Kunreuther, 

1993; Lichtenstein, Slovic, Fischhoff, Layman, & Combs, 1978; Viscusi, Magat, & Huber, 

1987).  

In essence, the literature provides conflicting support that managers may both underemphasize 

and overemphasize the impact of low-probability, high-impact catastrophic risk events 

(Meszaros, 1999). Thus, managers can benefit from a deeper understanding of appropriately 

considering catastrophic risks without the predispositions and biases that may exist. Risk is one 

of the focal topics in the management of many activities, systems and technologies (Fischhoff, 

Watson, & Hope, 1984). In the context of this study, perceived risk is assumed to be an 

antecedent to directly affect perceived usefulness and the attention to use a particular system 

or technology—in this case, SCRM. The operationalization of this construct includes item 

scales from different fields of perceived risk which have been modified to include questions 

about perceived risk of catastrophic events (PRCE). Perceived risks are circumstances that 

create feelings of uncertainty, discomfort and/or anxiety (Dowling & Staelin, 1994), concern 

or psychological discomfort (Zaltman & Wallendorf, 1979), anxiety (Taylor, 1974) and 

cognitive dissonance (Festinger, 1962; Gemuenden, 1985). Attitudes of perceived risks 

towards SCRM practices are evaluated with reference to catastrophic events and the anxiety of 

individuals about such risk events.  

4.6.5. Perceived Ease of Use of SCRM (PEOU) 

Benbasat and Barki (2007) argued:  

After 17 years of research and a … multitude of studies investigating TAM and its 

variants, we now know almost to the point of certainty that perceived usefulness (PU) 

is a very influential belief and that perceived ease of use (PEOU) is an antecedent of 

PU and an important determinant of use in its own right. (p. 225) 

In TAM, the behavioural intentions of users regarding technology are affected by two variables: 

perceived ease of use (PEOU) and perceived usefulness (PU). The former affects the latter, 
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which means that, if users feel a system is easy to use, it is more probable that they will both 

feel that a system is useful and be willing to use the technology or system (Liu, Chen, Sun, 

Wible, & Kuo, 2010). The causal relationship that exists between the two variables perceived 

ease of use (PEOU) and perceived usefulness (PU) has been confirmed in a number of studies 

(e.g. Davis (1989); Venkatesh and Davis (1996). TAM aims to predict whether users will adopt 

a technology, without focusing on a specific topic (Pituch & Lee, 2006). To operationalize the 

measurement scales for perceived ease of use (PEOU) in this study, the measurement scales 

from Davis (1989, p. 326) are used, adapted to fit the context of this study. 

4.6.6. Construct Perceived Usefulness of SCRM (PU) 

The first belief of perceived usefulness (PU) is the user’s “subjective probability that using a 

specific application system will increase his or her job performance within an organizational 

context” (Davis et al., 1989, p. 985). Similar items measuring PU were found in studies by 

Morris and Dillon (1997), Pikkarainen, Pikkarainen, Karjaluoto and Pahnila (2004) and Theng 

and Wan (2007). In this study, to operationalize perceived usefulness (PU), the measurement 

scales from Davis (1989, p. 326) are used, adapted to fit the context of this study. 

4.6.7. Attitude Towards Using SCRM (A) 

Attitudes are formed from the beliefs a person holds about use of technology (Yousafzai, Foxall, 

& Pallister, 2007). ‘Attitude’ is described in the literature as an “individual’s positive or 

negative feelings (evaluative effect) about performing the target behaviour” (Ajzen & Fishbein, 

1975, p. 216). Ajzen and Fishbein (1977) stated that attitudes towards an object influence 

intention, which, in turn, influences behaviour with respect to the object—that is, its use. Often, 

reference is drawn to other models that contributed to the foundation of TAM, such as TRA 

and TPB. The focus of these models is theoretical constructs concerned with individual 

motivational factors as determinants of the likelihood of performing a specific behaviour. TRA 

and TPB assume the best predictor of a behaviour is behavioural intention, which, in turn, is 

determined by attitude towards the behaviour and social normative perceptions regarding it 

(Glanz et al., 2008).  

Operationalization of TRA constructs was developed from a long history of attitude 

measurement theory. Those theories are rooted in the concept that an attitude (towards an object 
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or an action) is determined by expectations or beliefs concerning attributes of the object or 

action and evaluations of those attributes (Glanz et al., 2008). Conceptualization of expectancy 

values has been applied extensively in psychology in many areas, including learning theories, 

attitude theories and decision-making theories (Edwards, 1954; Rosenberg, 1956; Rotter, 1954). 

Several previous studies (e.g. Lanseng & Andreassen, (2007); Morris & Dillon, (1997); Suh & 

Han, (2003); Taylor & Todd, (1995) evaluated attitude towards using behaviour in a variety of 

different settings. Friedkin (2010) stated that semantic differential indicators, such as 

pleasant/unpleasant, good/bad, like/dislike, wise/foolish or enjoyable/unenjoyable are 

commonly used in TRA to measure an individual’s attitude towards a specific behaviour. Ajzen 

and Fishbein (1980) suggested similar semantic differential rating scales to operationalize the 

construct attitudes towards behaviour. This study draws upon those suggested measurement 

scale items, which were adapted accordingly to fit the context of this study. 

4.6.8. Intention to Use SCRM (IU) 

Intentions are self-instructions to perform particular behaviours or to obtain certain outcomes 

(Triandis, 1979). In other words, intentions are assumed to capture the motivational factors that 

influence a behaviour (Ajzen, 1991, p. 181). To measure such items, usually, an endorsement 

of items (e.g. “I intend to do X!”) forming a behavioural or goal intention signals the end of 

the deliberation about what one will do and indicates how hard one is prepared to try or how 

much effort one will exert in order to achieve desired outcomes (Ajzen, 1991; Gollwitzer, 1990; 

Webb & Sheeran, 2005). Warshaw and Davis (1985) elaborated a number of different ways in 

which intentions had been measured, and distinguished measures of behavioural intentions (e.g. 

“I intend to perform behaviour X”) from measures of self-predictions (e.g. “How likely is it 

that you will perform behaviour X?”) (Armitage & Conner, 2001). Morris and Dillon (1997) 

and Suh and Han (2003) identified similar scale items to determine the strengths of one’s 

intention to use the technology in the future. For the purpose of this study, the item scales were 

adopted from Francis et al. (2004) and modified to fit the context of this study. 

4.6.9. Actual Use of SCRM (AU) 

System usage has long been studied in a variety of different settings. Researchers have taken 

different approaches to capture the element of ‘use’. Examples include the measure from Alavi 

and Henderson (1981), which captured the presence of system use (use/non-use). Venkatesh 
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and Davis (2000) focused on the duration and extent of use. Saga and Zmud (1993) measured 

the breath/depth to which a system was used by looking at the number of system features in 

use. Agarwal and Karahanna (2000) were motivated to take a cognitive absorption approach to 

measure the extent to which users employed the system. Igbaria and Tan (1997) aimed to 

capture the extent to which the system was used to carry out the task. Morgeson and Hofmann 

(1999) made a further distinction between multilevel constructs around individual and 

collective ‘usage’. They suggested looking at the structure and function of system usage. For 

the purpose of this study, the multilevel construct approach for system ‘use’ is not considered, 

as the function of the construct is the same at multiple levels, even if the structure is different. 

In other words, the intended function of using SCRM practices is the same, regardless of 

whether the structure (the mechanism of how it is applied by individuals, teams or 

organizations) might differ (Burton-Jones & Gallivan, 2007).  

Burton-Jones and Straub (2006) stated that, although it is theoretically feasible to construct a 

single measure that captures each element of usage (i.e. system, user and task), it is difficult to 

do so methodologically, because the richness of the activity being measured makes it difficult 

to construct, and cognitively difficult to respond to, such a measure in practice. Overall long-

standing measures for system use include features used, tasks supported, extent of use, use or 

non-use, heavy/light use, frequency of use and duration of use (Burton-Jones & Straub, 2006). 

Despite the different classifications and categorizations, there is an underlying 

acknowledgment among researchers that self-reports of system use might not be as accurate as 

objective measures of actual system use. As no usage data for SCRM are readily available, 

Blair and Burton (1987) contended that self-report measures for non-threatening research 

questionnaires (as is the case for this study) form an appropriate relative measure. Other studies 

(e.g. Al-Gahtani, Hubona, & Wang, 2007; Davis, 1989; Igbaria & Tan, 1997) used similar 

methods, where objective system usage data was unavailable. 

To operationalize the measure of the degree to which SCRM is actually used, approaches from 

previous studies were adapted and contain in this study three dimensions:  

(1) system features or instruments in use for SCRM  

(2) frequency of usage of SCRM practices 
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(3) frequency of outcomes reported for SCRM (in this case, classified as reporting to 

management). 

4.7. Hypotheses  

The proposed conceptual model for this study is largely based on TAM. The defined 

hypotheses for this study are therefore in line with those expressed in TAM (Davis et al., 1989), 

with the exception that the study is positioned in the field of SCRM and its related context and 

the perceived risk of catastrophic events (PRCE) construct has been added. Perceived risk 

depends largely on the subjective uncertainty of certain outcomes. External variables influence 

user beliefs about using or enhancing a specific system (Burton-Jones & Hubona, 2006). As 

such, there are three key constructs in the proposed conceptual model under the cognitive 

response: perceived usefulness (PU), perceived ease of use (PEOU) and perceived risk of 

catastrophic events (PRCE). Two external variables are identified for the proposed conceptual 

model: level of understanding (LOU) and management support (MS). Level of understanding 

(LOU) identifies that practitioners’ level of understanding about standards and requirements 

play an important role for SCRM (as explained in section 4.6.2). Similarly, management 

support (MS) is important in shaping practitioners’ beliefs about the usefulness of SCRM (as 

explained in section 4.6.3). The following hypotheses are therefore suggested: 

H1a:  Supply chain risk management (SCRM) practitioners’ level of understanding 

(LOU) will have a positive effect on the perceived ease of use (PEOU) of SCRM 

practices. 

H1b:  Supply chain risk management (SCRM) practitioners’ level of understanding 

(LOU) will have a positive effect on the perceived usefulness (PU) of SCRM practices. 

H1c: Supply chain risk management (SCRM) practitioners’ level of understanding 

(LOU) will have a positive effect on perceived risk of catastrophic events (PRCE) of 

SCRM practices.  

H2a:  Management support (MS) will have a positive effect on perceived ease of use 

(PEOU) of SCRM practices. 

H2b:  Management support (MS) will have a positive effect on perceived usefulness 

(PU) of SCRM practices. 
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H2c: Management support (MS) will have a positive effect on perceived risk of 

catastrophic events (PRCE) of SCRM practices.  

Evidence of risk as a feeling was present in early psychometric studies of risk perception 

(Fischhoff et al., 1978; Slovic, 1987). Those studies showed that feelings of dread were the 

major determiner of public perception and acceptance of risk for a wide range of hazards. 

Sandman (1989), noting that dread was also associated with factors such as voluntariness, 

controllability, lethality and fairness, incorporated these qualities into his “outrage model”. 

Reliance on outrage was, in Sandman’s view, the major reason that public evaluations of risk 

differed from expert evaluations (based on analysis of hazard, e.g. mortality statistics).  

In this study, it is assumed that perceived risk of catastrophic events (PRCE) has an influence 

on how human beings judge the perceived usefulness (PU) of a system—in this case, SCRM 

practices. Such systems are designed to provide tools and techniques for systematic risk, 

identification, categorization and quantification and intended to be used to formally frame 

possible risk mitigation strategies. The combination of uncertainty and danger or anxiety that 

makes up perceived risk has been shown to inhibit perceived usefulness and adoption (Dowling 

& Staelin, 1994). It is assumed that the perceived risk of catastrophic events (PRCE) has an 

influence on attitude (A) towards the intention to use SCRM practices. On this basis, the 

following hypotheses are therefore suggested: 

H3: Perceived risk of catastrophic events (PRCE) will have a positive effect on 

perceived usefulness (PU) of supply chain risk management (SCRM) practices.  

H6:  Perceived risk of catastrophic events (PRCE) will have a positive effect on 

attitude (A) towards using supply chain risk management (SCRM) practices. 

Perceived ease of use (PEOU) has been shown to influence perceived usefulness (PU) (Teo, 

Lee, Chai, & Wong, 2009); it has been found that users are likely to find the system useful 

when they perceive it to be easy to use (Teo, 2010; Yi & Hwang, 2003). As such, the following 

hypothesis is formulated: 

H4:  Perceived ease of use (PEOU) will have a positive effect on perceived 

usefulness (PU) of supply chain risk management (SCRM) practices. 
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TAM proposes that user beliefs influence their attitudes about using a system (Burton-Jones & 

Hubona, 2006). Specifically, perceived usefulness (PU) and perceived ease of use (PEOU) 

have a significant influence on attitude (A) towards usage (Burton-Jones & Hubona, 2006; 

Cheung & Huang, 2005; Davis & Venkatesh, 1996). This leads to the following hypotheses: 

H5a:  Perceived ease of use (PEOU) will have a positive effect on attitude (A) towards 

using supply chain risk management (SCRM) practices. 

H5b:  Perceived usefulness (PU) will have a positive effect on attitude (A) towards 

using supply chain risk management (SCRM) practices. 

TAM suggests that intention to use is jointly determined by the person’s attitude towards using 

the system as well as the perceived usefulness (Davis, et al., 1989). This leads to the following 

hypotheses: 

H7:  Perceived usefulness (PU) will have a positive effect on intention to use (IU) 

supply chain risk management (SCRM) practices. 

H8:  Attitude (A) will have a positive effect on intention to use (IU) supply chain risk 

management (SCRM) practices. 

The final construct is the actual use (AU) and practices of the system, determined by intention 

to use (IU) (Burton-Jones & Hubona, 2006; Yi & Hwang, 2003). Therefore, the final 

hypothesis is: 

H9:  Intention to use (IU) will have a positive effect on actual use (AU) of supply 

chain risk management (SCRM) practices. 

4.8. Research Design  

Wahyuni (2012) stated that research purpose and research questions are the suggested starting 

points to develop a research design because they provide important clues about the substance 

that a researcher is aiming to assess (Berry & Otley, 2004; Saunders, Lewis, & Thornhill, 2009; 

Yin, 2012). Creswell (2013) pointed out that, if the problem is identifying factors that influence 

an outcome or the utility of an intervention, or understanding the best predictors of outcomes, 
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as well as testing a theory or explanation, a quantitative approach is suitable. This approach 

matches with the intended aim and purpose of this study.  

A cross-sectional self-administered survey technic approach is proposed as the research method 

for this study. Other methodologies haven been reviewed but were found to be inappropriate, 

due to limited access to participants, prolonged time requirement, cost of conducting the study 

or various other reasons. The initial review for those methods included experimental studies, 

quasi-experimental studies, case studies, longitudinal studies and correlational field studies. 

Creswell (1994) highlighted some advantages of survey designs, such as economy of design, 

rapid turnaround in data collection and ability to identify attributes of a large population from 

a small group of individuals (Babbie, 1998). Gable (1994) stated that a survey technic approach 

refers to a group of methods that emphasize quantitative analysis. Data for a large number of 

organizations or individuals are collected through methods such as self-administered mail 

questionnaires or telephone interviews or from published statistics; these data are analysed 

using statistical techniques.  

By studying a representative sample of organizations, the survey approach seeks to discover 

relationships that are common across the respondents and hence provide generalizable 

statements about the object of study. Surveys are a common approach for primary quantitative 

data collection, in line with the aim of this study. Dillman (2011) underlined that for more than 

75 years surveys have remained a useful and efficient tool for learning about people’s opinions 

and behaviours.  

Babbie (1998) elaborated that surveys for cross-sectional and longitudinal studies can use 

questionnaires or structured interviews for data collection, with the intent of generalizing from 

a sample to a population. Cross-sectional surveys measure samples at only one point in time, 

whereas longitudinal surveys are used to measure samples repeatedly over an extended given 

time horizon. Survey types can be of a descriptive or analytical nature. The former focuses on 

identifying and counting the frequency of a particular response among a survey group; the latter 

is used to analyze relationships between different variables in a sample population. Sampaio, 

Saraiva, and Rodrigues (2009) found in their study that the survey is the most commonly 

adopted research methodology.  
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Surveys, however, as with any other method, also have their limitations; careful considerations 

need to be made to ensure data validity, reliability, reduced bias and adequate response rates, 

to name just a few of the critical considerations. Wunsch and Gades (1986, p. 31) stated that 

two of the most consistent flaws in survey research included disregard for sampling error when 

determining sample size, and disregard for response and nonresponse bias. Careful evaluations 

and considerations were made in order to undertake quality survey research for this study.  

Those considerations are elaborated in more detail in the next sections. 

4.8.1. Theoretical Foundation 

A basic conceptual framework was established for this study, based on the findings from the literature review. This is 

presented in  

 

Figure 16, which also depicts the variables under investigation. As in many business 

circumstances, the use and improvement of particular systems or initiatives is still largely based 

on people’s attitudes, knowledge, acceptance, support, actions and behaviours; therefore, a 

further focus will be placed on theories investigating such phenomena.  

 

 

Figure 16: Conceptual research framework 

Source: Adapted from Lavastre, Gunasekaran and Spalanzani, 2012 

Glanz and Bishop (2010) identified that theories in the behaviour domain can be grouped into 

two categories: explanatory theory, used to explain behaviour; and change theory, used to 

develop ways to change or influence behaviour. As the emphasis of this research is to 

investigate current practices in SCRM, its main emphasis will be theories that are explanatory. 

An additional reason for the explanatory approach taken here is that an investigation using 

change theory is usually conducted over a prolonged period. Due to the limitations of time 

allocated for this research, this approach would pose restrictions that are inappropriate.  
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In order to develop possible theory models suitable for this study, various journals were 

reviewed which discuss behaviour-based theories. Some important work was conducted in the 

information technology (IT) area by Davis (1986) in developing TAM, which investigates the 

impact of external factors on individuals’ internal beliefs, attitudes and intentions. A study by 

Yi and Hwang (2003) investigated user acceptance of technology in the IT area, based on an 

extended TAM in order to predict the use of web-based IS and the related lack of user 

acceptance. TAM forms the basis for the constructs of this study, as it investigates the 

behavioural intention to use a particular technology and determines whether users will actually 

use it (Teo, 2010, p. 254). For the purpose of this study, ‘technology’ refers to the purposeful 

application of information in the design, production and utilization of goods and services, and 

in the organization of human activities (in this case, SCRM). 

Hsu, Wang, and Chiu (2009), among others, stated that TAM has been validated over a wide 

variety of systems, constructs of the model are reliable and valid, and the model explains a 

considerable portion of usage intentions in different contexts. As such, TAM is used for this 

study in the context of SCRM practices. A more detailed review of TAM is presented in section 

4.4.  

4.8.2. Research Instrument  

A self-administered mail survey was chosen as the research instrument. In addition, it was also 

intended that a more detailed investigation would be carried out, if the data collection could 

also be supported, through specific institutions (e.g. audit firms, professional institutions, 

insurance companies). The self-administered mail approach was chosen because this method 

remains one of the most popular tools for collecting data in the study of social behaviour 

(Ziegler, 2006). Dillman, Smyth, and Christian (2009) suggested obtaining directory listings 

of specialized groups related to the target population as a suitable approach. Based on this 

recommendation, for this study, access to company information and contacts was obtained 

from listings by the Singapore Business Federation (SBF) and the Accounting and Corporate 

Regulatory Authority (ACRA) of Singapore. 

Surveys come in a wide range of forms and can be distributed using a variety of media, all with 

their specific pros and cons. Survey types include: 
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• written surveys  

• mail surveys 

• group administered questionnaires 

• drop-off surveys 

• oral surveys 

• electronic or on-line surveys. 

Sending the questionnaire by mail instead of email is favoured because company listings do 

not provide detailed email addresses for all companies; a generic email address, such as 

enquiry@xyz.com.sg or info@xyz.com.sg, may be provided. This was found to be unsuitable, 

as an email to a generic address might not reach the intended recipients, such as management 

representatives, supply chain representatives and/or risk managers in charge of the 

organization’s overall risk management.  

Although the mail survey method is a powerful and efficient tool, its limitations include a low 

response rate. This is specifically the case in Asia and South-East Asian countries (including 

Singapore). A further point is that a lot of effort and care must go into designing, planning and 

executing the questions and the process.  

The next section provides further description and outlines the use of a pilot study prior to 

conducting the main study.  

4.9. Pilot Study 

Prior to carrying out the data collection for the main study, a pilot study was carried out to 

identify any possible problems with the questionnaire. According to Saunders et al. (2007, p. 

386) the purpose of a pilot study is to refine and test the questionnaire so that respondents will 

have no problems in answering the questions and the researcher will have no problems in 

recording the data. Further, a pilot allows the researcher to assess the validity and reliability of 

the questions asked. Dillman et al. (2009) further stated that, through a pilot study, additional 

understanding can be obtained if the individual questions and scales applied appear to be 

functioning as intended.  
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The pilot study was conducted in the same manner as the main study, via a self-administered 

mail survey. However, for the pilot study a convenience sampling method with an anonymous 

snowballing approach was selected, taking the sample from Singapore companies (described 

further in Chapter 7). A follow-up interview with some of the respondents was conducted to 

identify any issues with the questionnaire. Discussions with subject matter experts were also 

conducted. The questionnaire was developed from the literature review of the SCRM field and 

subsequent adaption and modification of tools used in previous studies. The considerations for 

establishing the research survey questionnaire are further addressed in Chapter 5. The learnings 

from the pilot study, and the modifications made as a result, are addressed in Chapter 7. 

4.10. Ethical Considerations 

As this research study involves human participants, approval was obtained from the University 

of Canberra’s Human Research Ethics Committee. The committee ensures that any research 

involving human participants is conducted in a manner consistent with the university’s policy, 

codes and guidelines, and respective relevant national and state legislation guidelines. Saunders 

et al. (2009) summarized some of the main issues to consider: 

• the rights of privacy of individuals 

• voluntary nature of participation, and the rights of individuals to withdraw 

partially or completely from the process 

• consent and possible deception of participants 

• maintenance of the confidentiality of data provided by individuals or 

identifiable participants and their anonymity 

• reactions of participants to the ways in which researchers seek to collect data 

• effects on participants of the way data is analysed and reported 

• behaviour and objectivity of the researcher. 

All the considerations and procedures from the research ethics committee were observed for 

this study.  
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4.10.1. Obtaining Voluntary Participation and Consent 

As part of the effort to obtain informed consent, invited participants were provided with a cover 

sheet to the self-administered questionnaire that contained the following information: 

• purpose of research 

• method of data collection 

• participation including time required to take part in the survey 

• possible inconveniences, discomforts and risks resulting from participation 

• benefits of participating in the research 

• access to results of the study once completed 

• participants’ freedom to withdraw from the research 

• confidentiality of results 

• storage of data 

• contact information of email address of researcher to obtain the 

questionnaire as an alternative option as (excel-file) softcopy 

• contact information of the university’s ethics committee, for participants to 

express concerns or seek clarification on matters concerning policies or 

information about the conduct of the study. 

Taking part in the study was entirely voluntary, and participants were under no obligation to 

consent to take part. Furthermore, questionnaires were anonymous; all questionnaires for the 

pilot study and the main study were returned to the researcher without unique identifiers. This 

approach ensured that the identity of the participants was not known, nor could the researcher 

apply reverse identification. 

4.10.2. Benefits of Taking Part in the Survey 

The practice of offering participants incentives or other forms of benefits as motivators, 

promotors or persuading factors to participate in a survey has been widely documented for 

many experiments, and several meta-analyses have described major findings that hold across 

various experiments using mail, face-to-face and telephone surveys (Church, 1993; Singer, 

Gebler, Raghunathan, Van Hoewyk, & McGonagle, 1999). Tharenou, Donohue, and Cooper 

(2007) reported that it is common practice in social science research to offer some form of 
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benefit to participants, such as monetary rewards or non-monetary incentives. Singer and 

Bossarte (2006) highlighted that incentives can be provided at different stages of a study, 

usually either before or after a respondent’s participation. Pre-paid incentives are offered when 

the survey request is made, and before the respondent decides to participation, in the form of 

an upfront incentive. Promised incentives are offered conditionally and not paid until 

completion of survey participation. 

The university’s policy is that there is no requirement to offer any form of incentive (monetary, 

pre-paid or promised) for participating in a study, following the general guideline that no form 

of monetary payment or reward to encourage participation is allowed. As such, this study 

adopted a non-monetary approach. Based on the recommendation of Tharenou, Donohue, and 

Cooper (2007), participants were provided with a summary of the overall research results as a 

form of benefit. Participants could request a copy of the final report, should they be interested 

in reading the findings. 

4.11. Chapter Summary 

Findings of the literature review presented in Chapter 2 led to the research questions presented 

in Chapter 3. The research methodology and design were presented in Chapter 4. This was 

followed by the analysis of the TRA and TPB models. TAM, along with criticism of the model, 

was explained to establish and explain its choice as the research model chosen for this study. 

Hypotheses were then presented and explained. The proposed research design method was 

discussed, and the research instrument was introduced. Finally, the chapter presented an 

explanation of the use of a pilot study and the ethical matters that were taken into consideration 

for this study. The next chapter outlines the preparation of the questionnaire and the method of 

data collection.   
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5. Research Questionnaire and Data Collection 

This chapter provides an overview of the questionnaire used for the survey and the data 

collection approach used in this study. It highlights the considerations made in developing the 

self-administered questionnaires and the sampling method, and concludes with a chapter 

summary. 

 

Figure 17: Schematic overview of key elements of research questionnaire and data collection chapter 

5.1. Research Questionnaire 

The questionnaire for this study used closed-ended questions and was prepared as a self-

administered mail questionnaire, formatted as a leaflet with a cover page. The continuing pages 

of the survey contained the questions, which were aimed at obtaining inputs on the variables 

established in the conceptual research model; additionally, information about the company and 

the respondents was collected.  

The closed-ended, self-administered mail questionnaire used a seven-point Likert scale ranging 

from strongly disagree (1) to strongly agree (7) and respective intermediate scales. A number 

of studies reviewed by Cox III (1980) examined the effects of using different numbers for 

response categories on the reliability and validity of rating scales and the response patterns 

generated (Cicchetti, Shoinralter, & Tyrer, 1985; Matell & Jacoby, 1971; Schutz & Rucker, 

1975). The majority of rating scales, Likert scales and other attitude and opinion measures 

contain either five or seven response categories (Bearden & Netemeyer, 2011; Bearden, 

Netemeyer, & Mobley, 1993; Peter, 1979; Shaw & Wright, 1967). Symonds (1924) was the 

first to suggest that reliability is optimized with seven response categories, and other early 

investigators tended to agree (Ghiselli, 1955). The superiority of scales with around seven 

response categories is in line with Miller’s (1956) theoretical analysis of human information-

processing capacity and short-term memory, subsequently refined by Simon (1974) in his 
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characterization of information ‘chunks’. In light of the above findings, there is support for 

selecting a seven-point scale over a five-point scale. 

5.1.1. Design 

Several considerations were made in the design of the closed-ended self-administered mail 

questionnaire, which are explained in more detail in the following paragraphs. Dillman et al. 

(2009) emphasized that a questionnaire that looks professional and important and is well 

designed can encourage and motivate people to respond. Jenkins and Dillman (1995) 

highlighted that when using self-administered surveys, it is important to consider that 

respondents must first perceive the information before they comprehend it. Therefore, it is 

important to consider layout (the visual aspects) as well as the information contained in the 

written content itself (the verbal aspect, as it is presented visually). Many self-administered 

surveys use cover pages for explanations, and provide detailed guidance or specific instructions 

throughout the survey, so that respondents can complete the questionnaire. All this information 

must be processed and grasped by the respondents. Krosnick and Presser (2010) suggested a 

few conventional steps, stated below, for the development of optimal questions. 

• Use simple, familiar words (avoid technical terms, jargon and slang). 

• Use simple syntax. 

• Avoid words with ambiguous meanings (i.e. aim for wording that all respondents will 

interpret in the same way). 

• Strive for wording that is specific and concrete (as opposed to general and abstract). 

• Make response options exhaustive and mutually exclusive. 

• Avoid leading or loaded questions that push respondents towards an answer. 

• Ask about one thing at a time (avoid double-barrelled questions). 

• Avoid questions with single or double negations. 

Krosnick and Presser (2010) stated that survey results may be affected not only by the wording 

of a question but also by the context in which the question is asked. Hence, the ordering of 
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items in a questionnaire is of importance to minimize error. The order of the questions will be 

elaborated in the next paragraph. 

5.1.2. Order of Questions 

The sequence of questions in the questionnaire can affect the way in which respondents answer 

the questions. Question order has two major facets: serial, the location in a sequence of items, 

and semantic, the location in a sequence of meanings (Krosnick & Presser, 2010). There are 

different schools of thought on using multiple scale items for a particular construct. Some 

researchers recommend that items for all constructs are randomly placed so that no two items 

of a construct adjoin (Budd, 1987; Goodhue, 1998). Davis and Venkatesh (1996), on the other 

hand, suggest that grouping together the questions for each construct may improve the quality 

of the measures. Although there is support for each of the differing approaches—that is, 

intermixing or grouping questions together—this study adopts an approach in which questions 

are intermixed and randomized for some constructs. Goodhue and Loiacono (2002) reported 

that the reliability of the constructs seems to be improved when intermixed questions are used. 

This is consistent with findings that, when questions are intermixed, error terms are less 

correlated, and averaging across questions is more likely to cancel out errors (Dale L Goodhue 

& Loiacono, 2002). Davis and Venkatesh (1996) stated that intermixing questions creates 

measures with slightly higher reliability. Dillman et al. (2009) further suggest that questions be 

arranged in such a way that the effects of the earlier questions on later questions are diminished.  

Schwarz and Hippler (1995) stated that, in a self-administered questionnaire, although the 

questions are presented in a predetermined order, the respondent my read ahead, go back and 

forth between related questions, and change previous answers. Dillman (2011) supported this 

view, as respondents might evaluate each question on the basis of its individual content, and 

also evaluate the larger content, and adjust their answers accordingly. Schwarz and Hippler 

(1995) suggested that the questionnaire format my attenuate the question order. This notion 

will be addressed in the following section, which focuses on the layout of the questionnaire. 

5.1.3. Layout  

Saunders, Lewis and Thornhill (2003) highlighted that the layout and design of a questionnaire 

are significant factors to its success. Christian (2003), Christian and Dillman (2004), Schwarz 
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and Hippler (1987) and Tourangeau, Couper and Conrad (2004, 2007) supported this view, 

stating that differences in layout can lead to substantial differences in responses.  

The questionnaire should be formulated so that it is easy to read and to complete. In addition, 

the layout must be attractive and the questionnaire should not be too long, to encourage 

respondents to complete and return it. The length of the questionnaire is an important 

consideration. A respondent taking the time to consider the various options may feel fatigue, 

which could lead to proactive interference, in which thoughts about the initial alternatives 

interfere with the respondent’s thinking about the later, competing alternatives (Miller & 

Campbell, 1959). Saunders et al. (2007) recommended that the length of a self-administered 

questionnaire should be between four and eight A4 pages. In addition, Bradburn, Sudman, and 

Wansink (2004) recommended a booklet format for a paper-based questionnaire, because it 

creates a professional look, is easy to follow, and all the pages will be intact.  

In the next section, the relevance of grouping of questions is discussed. 

5.1.4. Grouping of Questions 

Dillman (2011) suggested that grouping related questions together makes it easier for 

respondents to answer the questions. Once the related questions are grouped, asking the more 

salient questions first will help the respondents to commit to the questionnaire (Dillman, 2011). 

Cavana, Delahaye, and Sekeran (2001) suggested that it is a matter of choice for the researcher 

to place questions seeking personal information at either the beginning or the end of the 

questionnaire. Krosnick and Presser (2010) suggested that early questions should be easy and 

pleasant to answer, and the questionnaire should proceed, without interrupting the flow, from 

general to specific questions. Dillman et al. (2009, p. 159) recommended placing sensitive 

questions near the end, as this avoids interrupting the flow of the questionnaire.  

The factors listed above were also considered for the self-administered questionnaire used for 

this research. As such, the more salient questions (variables to be measured) were placed in the 

first part of the questionnaire, and the more specific questions were placed at the end. As a 

result, a three-part questionnaire was developed: the first part asked for input from respondents 

on the constructs established in the conceptual research model (provided in section 4.3); the 

second part gathered company-specific information; and the third part consisted of questions 

about the respondent. 
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5.1.5. Choosing the First Question 

The first question of a self-administered mail questionnaire should be aimed at piquing the 

interest of respondents. Often, respondents glance through the questionnaire before deciding 

whether or not to participate. Fanning (2005) stressed the importance of the first question: it is 

key in engaging respondents to go on and complete the remaining questions. Although in self-

administered questionnaires the researcher does not have control over the sequence in which 

respondents answer the questions, most researchers intend for respondents to answer the 

questions in a sequential top down order, as this is the likely to be the respondents’ most 

common experience (e.g. in reading or looking at objects) (Jenkins & Dillman, 1995).  

Hence, the first question in the questionnaire used for this research asked participants to 

respond to the statement “I am fully aware of tools and techniques available for effective supply 

chain risk management”, as it is easy to comprehend and to answer. The visual elements of the 

information presented to respondents play an important role in the way respondents process 

and navigate through the questionnaire (Jenkins & Dillman, 1995). Visual aspects are 

addressed in more detail in the next section.   

5.1.6. Use of Contrast 

This section presents the aspects of visual design that help to guide respondents to complete a 

questionnaire. Jenkins & Dillman (1995) suggested that respondents should be able to glance 

at a questionnaire and, as a result of their pre-attentive processing, be able to swiftly understand 

generally where to start and where to go next. They suggested that visual elements such as 

brightness, colour, shape and location be used in a consistent manner to define respondents’ 

navigational path (Jenkins & Dillman, 1995). Dillman (2009) recommended that, if colour 

cannot be used due to cost or other limitations, the use of contrast supplied by varied grayscale 

is an optional alternative; this would provide navigational guidance and enhance the 

questionnaire’s appeal, motivating respondents to complete the questionnaire.  

Considering the cost and environmental factors associated with colour printing, the 

questionnaire for this research used grayscale contrast to create separations between questions 

and to enhance the visual appearance and ease of completion. For this reason, reverse print (a 

black background with white coloured wording) was used for section headings, and grayscale 

contrast for every other question, to serve as easy a navigational guide (Fanning, 2005). 
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5.1.7. Response Rate 

Fanning (2005) highlighted many aspects of best practice approaches to conducting a survey. 

She pointed out that one of the success factors of a survey is its response rate, or how many 

people actually respond to the survey. Bradburn et al. (2004) stated that, when designing a 

questionnaire, the respondents’ needs should be the guiding priority. A well-designed 

questionnaire that looks important and professional can encourage and motivate people to 

respond (Dillman et al., 2009). As described in the previous sections, grouping the questions, 

selecting the order of the questions, the flow of the questions and the layout of the questions 

are key considerations, all of which were observed for this study.  

A cover page that explains the purpose, relevance and intention of the study, as well as 

appropriate placement of instructions through the questionnaire, can help to reduce 

respondents’ apprehension about what they are supposed to do, allowing them to focus on 

providing the information the survey is designed to collect (Babbie, 2016). This also includes 

also the incorporation of visual aspects that motivate respondents to complete the 

questionnaire, which will yield the best possible response rates.  

However, no survey will be completely free from errors. In the following section, a range of 

possibly survey errors are explained. 

5.1.8. Survey Errors and Pre-testing  

Groves (2004) highlighted a range of possible errors in interviewer and self-administered 

surveys, such as: 

• coverage error, derived from failure to give any chance of sample selection to some 

persons in the population 

• nonresponse error, derived from the failure to collect data on all persons in the sample  

• sampling error, derived from heterogeneity on the survey measures among persons in 

the population 

• measurement error, derived from inaccuracies in responses recorded on the survey 

instruments. These arise from: 

• effects of interviewers on the respondent’s answers to survey questions 
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• error due to respondents, from inability to answer questions, lack of requisite 

effort to obtain the correct answer or other psychological factors 

• error due to the weaknesses in the wording of survey questionnaires 

• error due to effects of the mode of data collection (e.g. self-administered 

questionnaires, face-to-face or telephone communication). 

Apart from the statistical methods applied (explained in Chapter 6), a possible mitigation 

strategy to minimize or eliminate errors is to pre-test questionnaires. Presser et al. (2004) 

highlighted that pre-testing questionnaires is a long and well-established method that dates 

back to the 1940s. Katz (1941) reported:  

The American Institute of Public Opinion, also known as the Gallup poll named after 

its director Dr. George Gallup; the Fortune Survey, conducted for the magazine Fortune 

by Elmo Roper; and Crossley Incorporated, a national research organization directed 

by Archibald M. Crossley, pre-test their questions to avoid phrasings, which will be 

unintelligible to the public and to avoid issues unknown to the man on the street (p. 53).  

The method applied for this study was to pre-test the draft questionnaire, which was reviewed 

by peers, supply chain subject matter experts and insurance and consulting experts, all highly 

familiar in the field of SCRM. The review was conducted by Professor Yunus Kathawala, 

Primary Student Supervisor; Dr Yongqing Fang, Secondary Student Supervisor; Dr Eric Kuan 

Choon Hook, President of the Management Development Institute of Singapore (MDIS); Dr 

Marcel Thom, Partner and Managing Director at Boston Consulting Group (BCG); Dr Markus 

Lade, General Manager at Siemens Industry Asia, Singapore; Mr Neo Sing Hwee, Partner and 

Head of Risk Management at Ernst and Young (EY) Singapore Financial Services & Advisory 

Company, Singapore; Mr Oliver Hale, Managing Director at Crimson and Co., Global Supply 

Chain Consulting Company Singapore; and Ms. Jacqueline Zhang, Risk Manager at Allianz 

Insurance Company, Singapore. 

The review served as an opportunity to pre-test the questionnaire. The reviewers played the 

role of the respondent and provided feedback on the questionnaire’s overall visual appearance, 

as well as whether they identified any content ambiguity, repetition, inconsistency, 

grammatical errors or other problems. The intent of the questionnaire was explained to all the 

reviewers and incorporated into the cover page of the questionnaire. The reviewers were asked 
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to evaluate the overall visual appearance of the questionnaire, the scale item variables intended 

to capture the corresponding model constructs, wording, length and format. Following the 

review, refinements were incorporated into the questionnaire, based on the reviewers’ 

suggestions, advice and recommendations.  

5.2. Scale Item Variables 

Taking into consideration the factors outline in the sections above, the questionnaire used for 

this study consisted of seven A4 pages (a cover page and three A4 sheets printed on both sides). 

The sheets were stapled together in the top-left corner and single folded to A5 size, to fit into 

a C5 size envelope to send to respondents. In addition to the questionnaire, the C5 envelope 

contained a postage-paid (second local stamp) DL size envelope for the return questionnaire, 

marked with the address for the post office box that had been specifically rented for the return 

of the data. The second local stamp had to be used as the overall weight exceeded Singapore 

Post’s specified restriction of <20g for a first local stamp option (but it was below 37g, so a 

second local stamp was suitable). 

The first page of a questionnaire is usually a cover page intended to attract and motivate 

respondents to participate, with a simple, clear title and a statement about the importance and 

purpose of the survey (Fanning, 2005). For this study, the first page followed this suggestion, 

acting as a cover page that stipulated:  

• the research title  

• who was conducting this research, and from which institution  

• an invitation to participate in the research by completing the questionnaire (hardcopy 

or softcopy) 

• the time frame in which the questionnaire needed to be returned 

• the purpose of the study 

• how confidentiality of the data would be handled 

• where respondents could direct any concerns or complaints 

• the benefits of completing the questionnaire 
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• a “thank you” message.  

The first page included the university’s logo at the top right corner; the logo was also printed 

in the footer of every page, in the left corner. The approved project number provided by the 

university was also included in the footer, in the right corner with the page number. The 

remaining pages contained the questions intended to measure the constructs. Section A 

appeared on pages 2, 3, 4 and about half a page of page 5. Section B started on the second half 

of page 5 and contained questions about the respondent’s company profile. Section C started 

on page 7 and contained questions regarding information about the respondent; this was the 

last page of the questionnaire. 

Section A of the questionnaire comprised 31 statements aimed at obtaining inputs from 

respondents on the variables established in the conceptual research model: level of 

understanding (LOU) of SCRM, management support (MS) for SCRM, perceived risk of 

catastrophic events (PRCE) for SCRM, perceived usefulness (PU) of SCRM, perceived ease 

of use (PEOU) of SCRM, attitude (A) towards using SCRM, intention to use (IU) SCRM, and 

actual use (AU) of SCRM. 

Section B gathered company information, such as business sector, company size by number of 

employees, the main reasons for doing risk management within the organization, and which of 

a set of listed activities the company would undertake or was currently working on to increase 

the resilience of its supply chain.  Section C comprised questions on the respondent’s profile, 

such as their position in the company, years of experience in SCRM, gender, age and highest 

education level. A thank you message also appeared on the final page, and information on how 

to return the completed questionnaire using the enclosed postage-paid envelope. 

The operationalization of the research questionnaire drew upon adapting/modifying 

questionnaires from numerous academic references, referring to published journals in SCRM 

and non-SCRM research fields. Cavana et al., (2001, p. 214) suggested that researchers can 

“use instruments which have been already reputed to be ‘good’, rather than laboriously develop 

their own measures”. As such, no completely new measurement scale was developed for this 

study, as using completely new measuring scales often leads to issues around reliability and 

validity. Phillips (1992) highlighted that the use of old instruments in a new application 

constitutes an original investigation. In the case of this study, the measures are used in a new 

application: the SCRM context. 
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Discussions were held with subject matter experts to additionally validate the research 

questionnaire. Changes and refinements which might have developed from the pilot study were 

incorporated into the final research questionnaire. The validation and reliability process for the 

research questionnaire involved establishing that the instrument produced data that were 

reliable and true, and that the instrument measured what it was designed to measure. Various 

processes (explained in the following chapters) were used to confirm the study’s face validity, 

content validity, criterion validity, linguistic validity, discriminant validity, statistical validity, 

construct validity and reliability. Results are presented in Table 5. 

Table 5: Measurement items for this study 

Latent 

constructs 

(unobserved 

variables) 

Academic reference Item 

Question 

number  
Observed indicator variables (scale items) 

Level of 

understanding 

(LOU) of SCRM  

Smeltzer & Siferd, 

1998 

Theng & Wan, 2007 
Pennings, Barkema, & 

Douma, 1994 

 
 

LOU-1 1 I am fully aware of tools and techniques available for 

effective supply chain risk management. 

LOU-2 12 I regard the establishment of ongoing supplier assessment 
and the development of supply chain risk mitigation 

strategies as important. 

LOU-3 10 I know how to relate supply chain risk management tools 
and techniques to my company processes and decision 

making. 

LOU-4 26 I record details of supply chain disruptions and the actions 

that have been put in place to mitigate or avoid future 
incidents. 

Management 

support (MS) for 

SCRM  

Agarwal, 2000 

DeLone & McLean, 

1992 
Monge et al., 1992 

 

MS-1 11 My organization has a department or individuals entirely 

dedicated to supply chain risk management. 

MS-2 9 My organization provides risk management training to our 
supply chain team. 

MS-3 17 Management team meetings are frequently organized to 

reflect on actions on supply chain risks. 

MS-4 15 The top management (Managing Director or equivalent) 

acknowledges the contributions and encourage individuals 

or teams, which establish or enhance supply chain risk 
management practices in our organization. 

Perceived risk of 

catastrophic 

events (PRCE) 

Dowling & Staelin, 

1994 

Rottenstreich & Hsee, 

2001 

Slovic & Peters, 2006 
 

PRCE-1 14 I am very concerned about the threats of man-made or 

natural catastrophic events impacting our supply chain. 

PRCE-2 20 I view the resilience and adaptability of our supply chain as 
very high, therefore there will be minimal to no effect of 

man-made or natural catastrophic events to it. 

PRCE-3 22 My focus is on operational risk management, upstream and 
downstream the supply chain. Macro environment risks 

(risks from natural or man-made catastrophic events) are 

not a concern or focus.  

PRCE-4 23 Risks from man-made or natural catastrophic events are 
considered insignificant to our supply chain. 

Perceived ease of 

use (PEOU) of 

SCRM 

Davis, 1989 

Morris & Dillon, 1997 
Pikkarainen et al., 

2004 

PEOU-1 5 I find supply chain risk management tools and techniques 

easy to use. 

PEOU-2 19 I find formal documented techniques of supply chain risk 

management procedures rather simple to implement and 

use. 

PEOU-3 28 It would be easy for me to become proficient applying 

supply chain risk management tools and techniques. 

PEOU-4 26 Using supply chain risk management procedures does not 

require a lot of my mental effort. 

Perceived 

usefulness (PU) 

of SCRM  

Davis, 1989 

Morris & Dillon, 1997 

Pikkarainen et al., 
2004 

 

PU-1 3 Supply chain risk management practices allow me to 

undertake complex supply chain decisions more quickly 

and efficiently. 

PU-2 21 Using supply chain risk management tools and techniques 

improves the quality of work I do. 
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 PU-3 29 Supply chain risk management practices support important 

aspects of my job. 

PU-4 2 I find supply chain risk management practices useful in my 

job. 

Attitude (A) 

towards using 

SCRM  

Ajzen & Fishbein, 
1980 

Friedkin, 2010 

Taylor & Todd, 1995 
Lanseng & 

Andreassen, 2007 

A-1 8 Using supply chain risk management tools and techniques 
is a wise idea. 

A-2 16 Using supply chain risk management tools and techniques 

is a pleasant experience. 

A-3 4 I am very positive and supportive applying supply chain risk 

management practices in my company. 

A-4 25 To which extend you agree that over the past 3-5 years the 
most important risks in terms of supply chain disruption are 

following  a-e: (rank all, a-e) 

a. Demand Side Risk 

b. Supply Side Risk 

c. Regulatory, Legal and Bureaucratic Risk 

d. Infrastructure Risk 
e. Catastrophic Risk 

Intention to use 

(IU) SCRM  

Morris & Dillon, 1997 

Francis et al., 2004 
Armitage & Conner, 

2001 

Warshaw & Davis, 
1985 

IU-1 27 I intend to use supply chain risk management tools and 

techniques in my organization. 

IU-2 7 I want to increase the frequency of supply chain risk 

assessments and audits. 

IU-3 6 I intend to use supply chain risk management tools and 
techniques on a regular basis. 

IU-4 13 I intend to appoint internal or external staff to formally map 

and rank our supply chain risks. 

Actual use (AU) 

of SCRM 

Lavastre et al., 2012 

Igbaria & Iivari, 1995 

Burton-Jones & 

Straub, 2006 

AU-1 24 My organization provides regular supply chain risk 

management reports to our Executive Management / 

Headquarter or Board level. 

AU-2 30 Do you agree that listed instruments or tools (a – g), are 
frequently used by you for your supply chain risk 

management practices? (rank all: a – g) 

a. Financial modelling 
b. Supply chain worst case modelling 

c. Approach questioning standing (What if?) 

d. Mapping of internal and external processes 
(Value Stream Mapping) 

e. FMEA (Failure Mode and Effects Analysis) 

f. Ishikawa’s Diagram, Brainstorming 
g. PDCA (Plan, Do, Check, Act), 6σ (6 Sigma, 

permanent improvement) 

AU-3 31 I would rate my usage pattern of supply chain risk 

management practices as frequent. 

The cover page and research questionnaire (see Appendix A) were developed with reference 

to the considerations listed above. 

5.3. Selection of Survey Participants  

The Accounting and Corporate Regulatory Authority (ACRA) directory listing of Singapore 

registered companies (local and multinational companies, or MNCs) was used as the source of 

potential study participants. ACRA is the national regulator of business entities and public 

accountants in Singapore. It also plays the role of facilitator for the development of business 

entities and the public accountancy profession. It is a requirement that all companies in 

Singapore are registered in ACRA; as such, it is the most comprehensive available database of 

Singapore companies.  
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The key criteria for selection basis were that the company had a Status=Live (Status Code “0”) 

code, and its principal activities were in manufacturing, and transport and storage. From the 

Singapore Standard Industrial Classification (SSIC), provided by the Singapore Department of 

Statistics (DOS), a range of codes had been selected with reference to the industrial 

classification categories (see below). DOS develops national statistical standards and promotes 

their adoption and use in Singapore. SSIC is used for population, household and establishment 

surveys and, increasingly, administrative databases. SSIC adopts the basic framework and 

principles of the International Standard Industrial Classification of all Economic Activities 

(ISIC), developed by the United Nations Statistics Division. The current SSIC is the 11th 

version and supersedes earlier versions.  

The codes selected for manufacturing range from 10101 to 32909. The codes for transport and 

storage, which likewise plays a major part for SCRM, ranges from code 49101 to 53200.  

Another criterion was that the companies’ paid-up capital was above S$0.5 million. This 

selection is consistent with the database used by the Singapore Business Federation (SBF), 

which is the only dedicated directory of Singapore’s top enterprises by paid-up capital. It 

contains publicly available information on SBF members. It is compulsory to register as a 

member of SBF when the paid-up capital is above S$0.5 million. The directory provides the 

company’s name, address, telephone and fax numbers, level of paid-up capital and website 

(where available); in some cases, it also lists specific information such as email and industry 

sector according to its SSIC, as per the ACRA database.  

A total of 5,422 (N= 5,422) companies were identified as falling under the classifications listed 

above. The selection criteria for the sample were: 

• Company Status=Live (Status Code “0”) 

• paid-up capital>S$0.5 million  

• principal activities:  

o manufacturing (SSIC 2015) code 10101 to 32909 (N= 3,666) 

o transport and storage (SSIC 2015) code 49101 to 53200 (N= 1,756). 

With reference to the data presented above, the next section elaborates on the sampling method 

which was used to invite participations to respond to the questionnaire. 
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5.4. Proportionate Stratified Sampling 

This section provides an overview of how the sample was selected and which steps were 

considered in selecting the appropriate sampling method. As Teddlie and Yu (2007) stated, 

sampling procedures in the social and behavioural sciences are often divided into four broad 

categories:  

(1) probability sampling: random sampling, stratified sampling, cluster sampling, 

sampling using multiple probability techniques.  

(2) purposive sampling: to achieve representativeness or comparability, sampling 

special or unique cases, sequential sampling, sampling using multiple purposive 

techniques. 

(3) convenience sampling: captive sample, volunteer sample. 

(4) mixed methods sampling: basic mixed methods sampling, sequential mixed 

methods sampling, concurrent mixed methods sampling, combination of mixed 

methods.  

Probability sampling techniques are primarily used in quantitative studies and involve selecting, 

in a random manner, a sizeable number of units from a population or specific subgroups (strata) 

of a population, where the probability of inclusion for every member of the population is 

determinable (Tashakkori & Teddlie, 2010). Probability samples aim to achieve 

representativeness, which is the degree to which the sample accurately represents the entire 

population (Teddlie & Yu, 2007).  

Purposive sampling is used where particular settings, persons or events are deliberately selected 

for the important information they can provide that cannot be obtained easily and in in a timely 

manner from other choices (Maxwell, 2008). Convenience sampling involves drawing 

respondents that are both easily accessible and willing to participate in a study (Teddlie & Yu, 

2007). 

As described in Chapter 7, for the pilot study a convenience sampling method with an 

anonymous snowballing approach was selected. For the main study, the stratified sampling 

method was selected as the total population, which was then divided into subpopulations within 

the overall population. Stratified sampling is advantageous to sample populations with unequal 



  98 

 

subgroups and is used to evaluate each subpopulation (stratum) independently. Since the total 

population and each respective subgroup for this study is known (manufacturing sector and 

transport and storage sector; see section 5.3) each subgroup or strata can be divided into 

homogeneous and mutually exclusive groups, so that each group is only assigned to one stratum. 

Simple random sampling or systematic sampling can be applied within each stratum to improve 

the representativeness of the sample by reducing sampling error. The size of the sample in each 

stratum (in this study, manufacturing, and transport and storage) is taken in proportion to the 

size of each stratum, which is classified as a proportional stratified sampling method. The strata 

sample sizes are determined by the following equation:  

nh=(Nh / N) * n  

where nh is the sample size for stratum h, Nh is the population size for stratum h, N is 

total population size, and n is total sample size. 

For the data collection from the main study, approximately 45% of the population from each 

group was taken as a sample size. In the manufacturing stratum, which contained a total of 

3,666 companies, 1,649 companies were randomly selected. In the transport and storage 

stratum, which contained a total of 1,756 companies, 790 companies were randomly selected. 

In total, the total sample size was 2,439 companies.  

After the chapter summary, below, Chapter 6 presents the methods of data analysis used for 

this research. 

5.5. Chapter Summary 

Chapter 5 highlighted the considerations for the development of the research questionnaire, 

including the establishment of the research design, order of questions, layout, grouping of 

questions, selection of the first question, use of contrast, response rate, and survey errors. These 

factors were evaluated and explained. This led to a discussion of the development of the 

research scale item variables and subsequently of the establishment of the research 

questionnaire. The selection of the respondents was addressed in this chapter, as was the 

appropriate sampling approach selected for this study. The following section highlights the 

considerations made in the selection of the data analysis methods used in this study.  
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6. Data Analysis 

This chapter outlines the statistical procedures and validations used for this study. It reflects on 

concerns regarding methodological problems commonly associated with quantitative measures 

and the steps taken to minimize them. This is followed by a chapter summary. 

Figure 18: Schematic overview of key elements of data analysis chapter 

In this study, data analysis is conducted using the structural equation modelling (SEM) 

technique using the software applications Statistical Package for Social Sciences (SPSS) 

version 21.0 for Windows and Analysis of Moment Structures (AMOS) version 21.0 for 

Windows. SEM is a statistical methodology that allows the examination of relationships among 

observed and latent (unobserved) variables (Hoyle, 1995). It is an extension of the general 

linear model and has a similar purpose to multiple linear regression. There has been growing 

interest among various research disciplines in using SEM as the preferred data analytical tool. 

SEM-based procedures have gained popularity because of their substantial advantages over 

other techniques (e.g. principal component analysis, factor analysis, discriminant analysis or 

multiple regression) resulting from greater flexibility for the interplay between theory and data 

as well as the ability to replicate the analysis (Chin, 1998). 

The use of SEM methods, firstly, allows researchers to investigate the extent to which 

variations in one variable correspond to variations in one or more variables, based on 

correlation coefficients (Hoe, 2008). Secondly, SEM has the function of testing whether 

theoretically plausible models provide a good fit to collected data (Kember & Leung, 2005, p. 

163). Thirdly, SEM provides researchers with a comprehensive means for assessing and 

modifying theoretical models (Anderson & Gerbing, 1988, p. 411).  

In essence, SEM includes a wide range of multivariate methods aimed at examining the 

underlying relationships, or structure, among variables in a model (Buhi, Goodson, & Neilands, 

2007, p. 76). SEM was created to test and refine theoretical models for explaining or predicting 

Methodogical problems 
associated with 

quantitative measures

Statistical 
procedures observed

Chapter summary
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social or behavioural phenomena (Bentler, 1988). According to Hair, Anderson, Tatham, and 

Black (2006):  

If a theory can be expressed in terms of relationships among measured variables and 

latent constructs, SEM will provide a conceptually appealing way to test how well the 

theory fits reality as represented by empirical data collected from questionnaire. (p. 734) 

For the reasons listed above, SEM has received increasing attention from social science 

researchers in recent years (Yasin, Augusto, Alavi, & Lisboa, 2009) and has been widely used 

in various disciplines, such as IS research (Burton-Jones & Hubona, 2006; Hsu et al., 2009; Lu, 

Lai, & Cheng, 2007; Qureshi & Compeau, 2009; Timothy Teo, 2010), operations management 

(Sadikoglu & Zehir, 2010; Shah & Goldstein, 2006) and quality management (Briscoe, Fawcett, 

& Todd, 2005; Fotopoulos & Psomas, 2009; Kong, Gomez, & Hamid, 2010; Lin & Jang, 2008; 

Nair, 2006; Pan, Lin, & Tai, 2009; Yasin et al., 2009). 

According to Chin (1998), SEM provides the researcher with the following forms of flexibility: 

(1) modelling relationships among multiple predictor and criterion variables, (2) constructing 

latent (unobservable) variables, (3) modelling errors in measurements for observed variables 

and (4) statistically testing a priori substantive/theoretical and measurement assumptions 

against empirical data (i.e. confirmatory analysis). 

6.1. Methodological Problems Associated with Quantitative Measures 

This section addresses the concerns regarding the methodological problems commonly 

associated with quantitative measures and reflects on the necessary steps to minimize them. 

6.1.1. Common Method Variance 

A widely cited criticism associated with the use of self-reported mail questionnaires as a data 

collection method is the issue of common method variance (CMV) (Brannick, Chan, Conway, 

Lance, & Spector, 2010). CMV, also referred to as mono method bias, is stated by many 

researchers to be “a potential problem in behavioural research”. (Podsakoff, MacKenzie, Lee, 

& Podsakoff, 2003, p. 879). Some researchers (Crampton and Wagner, 1994; Lindell and 
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Whitney, 2001; Spector, 1987, 1994) noted that the CMV problem might be overstated; most 

suggest that CMV is persistent problem.  

The main point is that CMV inflates correlations. This can be traced back to Campbell and 

Fiske (1959), who noted that a certain amount of variance in measurements can be attributable 

to the method used, and formats applied, for psychological tests. Measurement error threatens 

the validity of the conclusions about the relationships between measures and is widely 

recognized to have both a random and a systematic component (Bagozzi, Yi, & Phillips, 1991; 

Nunnally & Bernstein, 1994; Spector, 1987). 

Consequently, the alleged error with CMV is that there might be a method effect that will 

produce some degree of variance in all measures assessed applying the same method, rather 

than producing the measurement of the underlying theoretical construct variance of interest. 

According to Brannick et al. (2010), CMV is a concern because it represents an alternative 

explanation of substantive results, and such variance could lead the researcher to make faulty 

inferences regarding substantive questions of interest. Shadish, Chelimsky, Cook, and 

Campbell (2002) listed the reactivity of tests as a threat to the internal validity of a research 

design, noting that the way they are being assessed can have an impact on people’s behaviour. 

One concern raised is the method effect, where self-reports, for example, might inherent certain 

bias. The second concern raised is that the respondents themselves have inherent potential bias, 

which in turn can affect the measurements. To address the former concern, Boswell, Boudreau, 

and Dunford (2004) established in their work that self-reporting surveys hardly support the 

idea that CMV is a universal inflator of correlations or a method that introduces significant 

shared bias universally, even with very large samples. The latter, potential bias stemming from 

behavioural issues of respondents, includes (but is not limited to) acquiescence response bias, 

negative affectivity and social desirability response bias (Spector, 2006).  

Ajzen (2005) highlighted in his work that subjective measures of self-reports may be biased, 

as respondents have the tendency to over-report socially desirable behaviours and deny or 

under-report behaviours that are socially undesirable. He argues that, when dealing with 

sensitive topics that are associated with social stigma or violation of the law, people tend to 

either over-report or under-report behaviours. Remarkably, when the behaviour of interest is 

not particularly sensitive or highly socially desirable, self-reports have the tendency to be quite 

accurate. Other researchers (Moorman & Podsakoff, 1992; Ones, Viswesvaran, and Reiss, 
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1996) showed that evidence fails to support that social desirability is a general source of 

correlation inflation, CMV, when self-reports are used. As illustrated by Parry and Crossley 

(1950), in the case of relatively insensitive behaviours, there is a considerable level of 

consistency between self-reports and alternative objective measures. Because usage of SCRM 

involves neither a social stigma nor a violation of law, it can be regarded as a neutral activity, 

according to Ajzen (2005). 

6.1.2. Nonresponse Bias 

Self-administered mail surveys are often criticized for having the potential to display a 

nonresponse bias, which is of particular concern. Armstrong and Overton (1977) and Tharenou, 

Donohue and Cooper (2007) stated that nonresponse bias occurs when individual who respond 

to the questionnaire differ substantially or systematically from those who do not respond. In 

the words of Couper (2000, p. 473), “not all people included in the sample are willing or able 

to complete the survey”. Consequently, survey results might not directly allow statements 

about how the entire sample would have responded; such, the possibility of generalizability to 

the population is limited. 

Nonresponse bias can be classified into two forms: genuine and non-genuine. According to 

Stopher and Sheskin (1982), genuine nonresponse occurs by selecting samples that are 

subsequently found to be no longer part of the survey population (e.g. invalid addresses, 

relocated addressees, organizations that have ceased operations). In contrast, non-genuine 

nonresponse occurs as a result of the voluntary action of a sampled respondent not to participate 

in the survey (Stopher & Sheskin, 1982). 

Given that nonresponse occurs irrespective of the survey mechanism, Stopher and Sheskin 

(1982), among others, highlighted that it is desirable to have procedures in place to estimate 

the extent of nonresponse bias, in particular those that are non-genuine. Researchers have 

suggested different methods to address the issue of non-genuine nonresponse bias, because, 

when a correlation exists between the nonresponse and the measured variables, the results can 

be distorted. One method recommended by van der Velde, Jansen, and Anderson (2004) is the 

direct investigation, where the researcher asks non-respondents the reasons for their 

nonresponse. Another approach (Brick, Flores-Cervantes, and Cantor (1999); Tharenou, 

Donohue, and Cooper (2007) is to compare respondent and non-respondent distributions on 
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subgroup variables. The researcher usually presents estimates of response rates on key 

subgroups of the target population (e.g. age, race and gender; or, for industrial surveys, 

industrial profile and size) to detect possible correlations.  

Yet another approach entail administering longitudinal survey data collection (measuring at 

one point in time and after an interval re-measuring a second time, and possibly a third time 

after another interval) to capture the characteristics of the non-respondents. Contrasting 

alternative post-survey adjustments is suggested as another way of measuring nonresponse bias 

that might be eliminated by post-survey adjustment. Examples of this are comparisons of 

unadjusted respondent-based estimates with estimates utilizing weighting class adjustments 

(Ekholm & Laaksonen, 1991; Izazola-Licea, Gortmaker, De Gruttola, Tolbert, & Mann, 2000; 

Potthoff, Manton, & Woodbury, 1993), comparing nonresponse-adjusted estimates with those 

also including post-stratification, and comparing unadjusted respondent-based estimates with 

fully imputed data set estimates. Some researchers (Assael and Keon, 1982; Bolstein, 1991; 

Kennickell and McManus, 1993; Lin and Schaeffer, 1995) suggested using rich sampling data 

or supplementary matched external databases for comparison; this method is often applied in 

health research, where databases exist to compare respondents’ and non-respondents’ values.  

Because this research uses the data collection tool of an anonymous, on-reverse identifiable, 

cross-sectional, self-administered mail survey questionnaire, it is not feasible to carry out the 

approaches recommended above. Further, industrial statistics specific to the research topic are 

not readily available from institutions, government or regulatory bodies. Therefore, a more 

traditional method is identified and intended to be carried out to address nonresponse bias and 

ascertain the reliability of the study’s results. Donald (1960) recommended, when dealing with 

nonresponse bias, comparing early responses and late responses. This method uses survey 

participation to estimate the impact of nonparticipation. Comparison typically involves the key 

variables in the survey that are likely to influence participation. The assumption inherent in 

such a comparison is based on the continuum of resistance model (Filion, 1976; Fitzgerald & 

Fuller, 1982), which suggests that respondents who either mail in their questionnaires very late 

or answer only after follow-up effort, such as a reminder letter or follow-up call, are similar to 

non-respondents (Stopher & Sheskin, 1982, p. 37). 
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6.1.3. Sampling Error 

In survey research, a common goal is to collect data that are representative of the population in 

order to generalize the findings from a drawn sample back to the population, within the limits 

of random error (Bartlett, Kotrlik & Higgins, 2001). Sample size is a study design feature that 

can influence the detection of significant differences, relationships or interactions (Peers, 2006). 

Generally, the survey designs try to minimize both alpha error (finding a difference that does 

not actually exist in the population) and beta error (failing to find a difference that actually 

exists in the population) (Peers, 2006). Cochran (1977) addressed this issue of determining 

relevant sample size:  

One method of determining sample size is to specify margins of error for the items that 

are regarded as most vital to the survey. An estimation of the sample size needed is first 

made separately for each of these important items. (p. 81)  

The alpha level used in determining sample size in most educational research studies is 

either .05 or .01 (Ary, Jacobs, & Razavieh, 1996). The alpha level is incorporated into 

Cochran’s formula by utilizing the t-value for the alpha level selected (e.g. t-value for alpha 

level of .05 is 1.96 for sample sizes above 120). The general rule for acceptable margins of 

error in educational and social research is set at: for categorical data, 5%; and, for continuous 

data, 3% (Krejcie & Morgan, 1970).  

Other possibilities to determine sample size include using multiple regression analysis or factor 

analysis. To use multiple regression analysis, the ratio of observations to independent variables 

should not fall below five. If this minimum is not followed, there is a risk of over-fitting: 

“making the results too specific to the sample, thus lacking generalizability” (Hair, Anderson, 

Tatham, & Black, 1995, p. 105). A more conservative ratio of 10 observations for each 

independent variable was reported optimal by Miller and Kunce (1973), Halinski and Feldt 

(1970). It should be noted that, for factor analysis, as well as using the same ratio considerations 

for multiple regressions, an additional criterion should be that factor analysis should not be 

done with fewer than 100 observations (Bartlett, Kotrlik & Higgins, 2001).  

To minimize sampling error, this study adopts the approach of determining the minimum 

returned sample size according to the table developed by Bartlett, Kotrlik and Higgins (2001) 
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(see Table 6). Based on continuous data for the selected model with a margin of error of .03 

and an alpha of .05 (t=1.96) and a population size greater than 4,000, the minimum number of 

returned samples for continuous data should be at least 119. Additionally, considering the 

requirements for SEM, which is selected as the analytical method described in Chapter 6, 

reference is drawn from Kline (2011), where sample size of 100 or fewer is considered small, 

a sample size of 100–200 is considered medium and a better minimum level, and sample size 

exceeding 200 is considered large. In order to fulfill the requirements for SEM, for this study 

a sample size of at least 200 was used. 
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Table 6: Determining minimum returned sample size 

 
Source: Bartlett, Kotrlik and Higgins, 2001 
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6.1.4. Return of Questionnaires  

Respondents returned the questionnaires by mail, using the provided pre-paid return envelope 

addressed to a dedicated mailbox. The researcher collected the mail daily in the defined period, 

noting the number of returned items collected each day of the defined period. This procedure 

was applied in order to perform respective nonresponse bias groupings, as described above. 

The returned questionnaires were screened for completeness in order to filter out and record 

any discrepancies or mismatches. 

It is natural to assume that the respondent who completed a questionnaire is the person to whom 

it was addressed. This may not actually be the case (Dillman et al., 2009). Notwithstanding this 

possibility, which is beyond the control of the researcher, all returned questionnaires were 

screened for completeness and to filter out any discrepancies.  

The questionnaire targeted supply chain representatives and management representatives in 

manufacturing, and transport and storage companies in Singapore. These individuals are 

knowledgeable in the field of SCRM, so any imposters would be identified from the 

inconsistencies in their responses. 

6.2. Statistical Procedures Observed 

This section addresses the methods intended used to observe statistical procedures in order to 

minimize concerns regarding problems commonly associated with quantitative measures. 

6.2.1. Data Screening 

Before carrying out the data analysis, it is important that the data collected are coded, accurate 

and free from error. The researcher coded and entered the data from the questionnaire into a 

Microsoft Excel spreadsheet. The data screening process identified any missing values. To 

ensure the accuracy of the data, all questionnaires were checked against the tabulated Excel 

data file and possibly also reviewed by an additional independent person to ensure that the data 

file was complete and without any errors.   

In order to analyses the data using SEM, it is a requirement that the data be of a continuous 

scale and have multivariate normal distribution (Byrne, 2010; Finney & DiStefano, 2006; 
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Kline, 2010). In addition, it is essential to detect possible outliers (explained in the next section) 

and to ensure the non-existence of collinearity issues. In this study, these pre-analyses were 

carried out to apply the SEM technique (Kline, 2010). 

6.2.2. Detecting Outliers 

Detecting outliers is one of the most important tasks of performing multivariate data analysis 

(Filzmoser & Hron, 2008). The outlier detection procedure adopted for this study is based on 

the Mahalanobis distance (D), because this function is readily available as part of the analysis 

feature found in SEM-AMOS. The Mahalanobis distance procedure is well suited to 

performing individual outlier tests (Dang & Serfling, 2010). Matsumoto, Kamei, Monden, and 

Matsumoto (2007) stated: 

It is a measurement of the distance in multidimensional space of each observation from 

the mean center of the observations. Mahalanobis distance is computed on the basis of 

the variance of data points. It describes the distance between each data point and the 

center of mass. When one data point is on the centre of mass, its Mahalanobis distance 

is 0, and when one data point is distant from the centre of mass, its Mahalanobis distance 

is more than 0. Therefore, data points far away from the center of mass are considered 

outliers. (p. 461) 

6.2.3. Reliability 

Reliability is an assessment of the degree of consistency between multiple measurements of 

variables (Hair, Anderson, Tatham, & Black, 1998). The variables of this study were measured 

using multipoint scaled items; Cavana et al. (2001) recommend that inter-item consistency 

reliability or Cronbach’s alpha reliability coefficients as the most commonly used approach to 

measure the internal reliability of the measures. Cronbach’s alpha gives an estimate of the 

proportion of the total variance that is not due to error, representing the reliability of the scale 

(Oppenheim, 1992). The Cronbach’s alpha criteria (i.e. the level of agreement between 

respondents in terms of responses) applied in this study were 0.6 for acceptable, 0.7 for good 

and 0.8 for excellent. A high coefficient implies high internal consistency.  
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6.2.4. Validity 

According to Hair et al. (1998), validity is the extent in which a set of measures accurately 

represents the concept of interest. Typically, face validity is useful as a starting point to 

ascertain validity and should be assessed before any theoretical testing (Gallagher, Ting, & 

Palmer, 2008). To assess face validity, the questionnaire was given to subject matter experts to 

gauge their reactions to the items. This approach is typically useful in determining whether the 

items presented in the questionnaire are clear and understandable (Cavana et al., 2001). Moving 

on from face validity, content validity ensures that the measures include an adequate and 

representative set of items that relate to the concept being tested (Cavana et al., 2001).  

For this study, content validity and face validity were achieved using a two-step approach: (1) 

identifying the measurement items that best describe the concept (construct) from the review 

of literature and (2) subjecting the questionnaire to a panel of subject matter experts for review. 

Construct validity ascertains how well the results obtained for the measure fit the theoretical 

concept that the questionnaire was designed to test (Cavana et al., 2001). To achieve construct 

validity, the measure should demonstrate convergent validity and discriminant validity (Kong 

et al., 2010, p. 42). The SEM method of confirmatory factor analysis (CFA) is used to ascertain 

construct validity (Kline, 2005). The procedure for this study is to compare discriminate 

validity with the lowest score of Cronbach’s alpha against the highest correlation coefficient. 

The analysis aims to confirm that the construct correlations exceed the lowest alpha reliability 

score, which in turn would confirm the discriminant validity of the constructs (Gaski, 1984). 

For the convergent validity, the results of the CFA outputs are used to compare that all items 

are significantly correlated with the respective factors.  

6.2.5. Factor Analysis 

Worthington and Whittaker (2006) emphasized the importance of conducting an initial 

validation of the measuring instrument by empirically appraising the underlying factor 

structure using exploratory factor analysis (EFA). For this study, EFA was conducted first, 

followed by CFA. The main goal of factor analysis is to identify underlying factors that might 

explain the dimensions associated with large data variability (Mahmoud & Kamel, 2010). EFA 

is intended to be performed during the initial analysis stage to uncover the underlying factor 

structure of each category of explanatory variables (Cavusgil & Zou, 1994). This is achieved 
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by examining the underlying dimensionality of the initial set of items so that the item set can 

be grouped into meaningful subsets that measure different factors (Worthington & Whittaker, 

2006). The final model, including the factors identified using EFA, is used for CFA analysis. 

Researchers typically use CFA after an instrument has already been assessed using EFA, and 

they want to know if the factor structure produced by EFA fits the data from a new sample 

(Worthington & Whittaker, 2006). CFA is used in this study to investigate the conceptual 

model goodness of fit, the magnitude of the relationships between the constructs and the 

hypothesized paths. As SEM is regarded as the most current approach in conducting CFA 

(Worthington & Whittaker, 2006), this study used SEM to perform CFA using the AMOS 

package. Essentially, SEM consists of two main components: (1) measurement model 

estimation, where latent variables are proposed and tested through CFA and (2) SEM structural 

model analysis. 

6.2.6. Collinearity and Normality of Data 

A collinearity test ensures that separate variables do not measure the same thing (Kline, 2010). 

In this study, collinearity among variables was tested using the variance inflation factors (VIF) 

available in SPSS after the final model was established. 

To improve the effectiveness of the multivariate analyses, an assessment of data normality was 

conducted before the application of SEM. Typically, three indices are used to evaluate non-

normality distribution: univariate skewness, univariate kurtosis and multivariate kurtosis 

(Finney & DiStefano, 2006). 

6.2.7. Goodness of Fit 

Generally, the fit criteria using SEM indicate to what extent the specified model fits the 

empirical data (Schermelleh-Engel, Moosbrugger, & Müller, 2003). In other words, the 

goodness of fit index (GFI) measure of a statistical model describes how well it fits a set of 

observations. Measures of overall model fit indicate to what extent SEM corresponds to the 

empirical data (Schermelleh-Engel et al., 2003). The GFI typically summarizes the discrepancy 

between observed values and the values expected under the model in question. The model’s fit 

to the data must be evaluated because the objective is to determine whether the associations 

between the measures and the latent variables in the model adequately reflect the observed 

associations in the data (Weston & Gore, 2006).  
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McDonald and Ho (2002) stated that various guidelines for the reporting of SEM results have 

been provided by Boomsma (2000), Breckler (1990), Hoyle (1995), Raykov, Tomer and 

Nesselroade (1991) and Steiger (1988). Plenty of measures for model fit have been developed 

to ascertain the goodness or badness of the approximation to the distribution from which the 

sample was drawn (McDonald & Ho, 2002). The most commonly used GFI of SEM is the chi-

square (χ²) statistic (Cheung & Rensvold, 2002). For large sample sizes, the chi-square (χ²) 

statistic provides a highly sensitive statistical test, but not a practical test, of model fit (Cheung 

& Rensvold, 2002). Other GFIs have been proposed as alternatives to chi-square (χ²), which 

include but are not limited to the comparative fit index (CFI) (Bentler, 1990), Tucker-Lewis 

Index (TLI) (Tucker & Lewis, 1973); non-normed fit index (NNFI), (Bentler & Bonett, 1980), 

and root mean squared error of approximation (RMSEA) (Steiger, 1989). Sivo, Fan, Witta, and 

Willse (2006) identified popular fit indexes that are as commonly used for the assessment of 

model fit, including the adjusted goodness of fit index (AGFI), normed fit index (NFI), Bollen’s 

normed index rho1 (Bollen, 1986), Bollen’s non-normed index delta 2 (Bollen, 1989), 

McDonald’s measure of centrality (McDonald & Hartmann, 1992; McDonald & Marsh, 1990), 

parsimonious goodness of fit index (PGFI), parsimonious normed fit index (PNFI), root mean 

residual (RMR), root mean squared residual (RMSR) and standardized root mean residual 

(SRMR). 

AMOS provides numerous different GFIs (Arbuckle, 2013). Byrne (2010) stated that it is not 

necessary to report the entire set of fit measures. Arbuckle (2013) highlighted that, in general, 

it is difficult to pick a fit measure because there are so many from which to choose. He 

suggested that the choice gets easier when the purpose of the fit measure is to compare models 

to each other rather than to judge the merit of models by an absolute standard. Various types 

of fit indexes were established with different motivations (Gerbing & Anderson, 1992).  

The three main groups of goodness of fit measures are outlined below:  

• absolute indices 

• incremental indices  

• parsimony fit indices.  

Absolute fit indices measure how well a priori model fits the observed data (Gallagher et al., 

2008). These measures provide the most fundamental indication of how well the proposed 
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theory fits the data (Hooper, Coughlan, & Mullen, 2008). Unlike incremental fit indices, their 

calculation does not rely on comparison with a baseline model but is instead a measure of how 

well or how bad (badness of fit indices) the model fits in comparison to no model at all 

(Jöreskog & Sörbom, 1993). Included in this category are the chi-square (χ²) and degrees of 

freedom (df) test, GFI, AGFI, RMSR, RMSEA and SRMR (Hooper et al., 2008). The badness 

of fit indices from those indices, such as RMSR, RMSEA and SRMR, can also be used to 

assess absolute fit (Gallagher et al., 2008). Unlike most goodness of fit scores, where closer to 

1 would represent a good fit, the badness of fit indices should reflect lower values as an 

indication of better fit.  

Incremental fit indices, also known as comparative fit indices (Miles & Shevlin, 2007) or 

relative fit indices (McDonald & Ho, 2002), do not use the chi-square in its raw form but 

compare the chi-square value to a baseline model. For these models, the null hypothesis is that 

all variables are uncorrelated (McDonald & Ho, 2002). They assess model fit by evaluating the 

comparative fit of a model with that of a more restricted null model, whereby the null model 

assumes no relation among the indicators of the model (Fan, Thompson, & Wang, 1999). A 

major drawback to this index is that it is sensitive to sample size, underestimating fit for 

samples of less than 200 (Bentler, 1990; Mulaik et al., 1989). Thus, it is not recommended that 

they are solely relied on (Markus, 2012). This problem was rectified by the NNFI, also known 

as the Tucker-Lewis index (TLI), an index that prefers simpler models (Hooper et al., 2008). 

Another replacement of this is the relative fit index (RFI) and the CFI (Gallagher et al., 2008). 

The CFI (Bentler, 1990) is a revised form of the NFI which takes into account sample size 

(Byrne, 1998), performing well even when sample size is small (Tabachnick & Fidell, 2012). 

A final problem with the NNFI is that, due to its non-normed nature, values can go above 1.0 

and can thus be difficult to interpret (Byrne, 1998). Recommendations as low as 0.80 as a cut-

off have been preferred; however, Hu and Bentler (1999) suggested NNFI≥0.95 as the 

threshold. Hooper et al. (2008) stated that a cut-off criterion of CFI≥0.90 was initially advanced; 

however, recent studies have shown that a value greater than 0.90 is needed in order to ensure 

that misspecified models are not accepted (Hu & Bentler, 1999). From this, a value of CFI≥0.95 

is presently recognized as indicative of good fit (Hu & Bentler, 1999). This index is today 

included in all SEM programs and is one of the most popularly reported fit indices due to it 

being one of the measures least affected by sample size (Fan et al., 1999).  
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The third type of fit index is the parsimony fit indices. The fit indices in this category take into 

consideration both model fit and the degrees of freedom used for specifying the model (Fan et 

al., 1999). Mulaik et al. (1989) have developed two parsimony fit indices: the PGFI and the 

PNFI. Hooper et al. (2008) stated that both of these indices seriously penalize for model 

complexity, which results in parsimony fit index values that are considerably lower than other 

GFIs. While no threshold levels have been recommended for these indices, Mulaik et al. (1989) 

do note that it is possible to obtain parsimony fit indices within the .50 region, while other 

goodness of fit indices achieve values over .90 (Mulaik et al., 1989). Hooper et al. (2008) 

strongly recommend the use of parsimony fit indices in tandem with other measures of 

goodness of fit, due to the fact that no threshold levels for these statistics have been established 

and as such it is more difficult to interpret results. 

Lei and Wu (2007) recommended that a variety of indexes should be considered simultaneously 

when evaluating the overall model fit. In a review by McDonald and Ho (2002), it was found 

that the most commonly reported fit indices are the CFI, GFI, NFI and the NNFI. Crowley and 

Fan (1997) stated, although there are no golden rules for assessment of model fit, it is necessary 

to report a variety of indices, because different indices reflect a different aspect of model fit. 

However, Sivo et al. (2006) voice the concern that the availability of multiple indices simply 

complicates model evaluation because different fit indexes address different aspects of model 

appropriateness (e.g. parsimony, sample size effects, comparisons to null models etc.).  

Although there are many problems associated with the model chi-square, it is still essential that 

this statistic, along with its degrees of freedom and associated p-values, should at all times be 

reported (Hayduk, Cummings, Boadu, Pazderka-Robinson, & Boulianne, 2007; Kline, 2005). 

Kline (2005) identify the minimal set of fit indexes that should be reported and interpreted for 

SEM analyses: χ², RMSEA, CFI and SRMR. Boomsma (2000) has similar recommendations 

but also advises that the squared multiple correlations of each equation be reported. Hooper et 

al. (2008) stated that, based on guidelines from various authors, it is sensible to include the chi-

square (χ²) statistic, its degrees of freedom (χ²/df) and p-values, RMSEA and its associated 

confidence intervals, SRMR, CFI and one parsimony fit index such as PNFI or TLI. These 

indices have been chosen for use in this study, as they have been found to be the most 

insensitive to sample size, model misspecification and parameter estimates, as well as being 

consistent with previous studies. 
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6.3. Chapter Summary 

This chapter provided details of the data analysis techniques that were considered for use in 

this study. A discussion was presented on the methodological problems associated with 

quantitative measures and the statistical procedures that were selected for use in this study to 

achieve the researcher’s objectives. The following chapter will present the steps undertaken to 

conduct the pilot study for this research. 
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7. Pilot Study 

This chapter describes the detailed steps that were undertaken in the conduct of the pilot study. 

This is followed by the reporting of the calculations used and the pilot study results. A 

discussion is presented of the changes and refinements that were made as a result of the pilot 

study. This is followed by a chapter summary. 

Figure 19: Schematic overview of key elements of pilot study chapter 

As described in section 4.9, the purpose of the pilot study is to identify any possible problems 

with the questionnaire and to assess the validity and reliability of the questions. For this purpose, 

a pre-test of the draft questionnaire was reviewed by subject matter experts (as described in 

section 5.1.8). The review served as an opportunity to pre-test the questionnaire. Reviewers 

provided feedback on visual appearance, content ambiguity, repetition, inconsistency, 

grammatical errors and other possible problems that could surface during the process of 

answering the questionnaire. They also provided feedback on the wording of the item scales, 

instrument length and questionnaire format. Following the review, suggestions were 

incorporated into the questionnaire prior to the execution of the pilot study. This is in line with 

the recommendation by Cavana et al. (2001) that a questionnaire should be piloted where 

possible before the main study is conducted, with a reasonable sample of respondents from the 

target population or a group of respondents with a close resemblance to the target population. 

7.1. Pilot Study Details 

This section outlines in detail the steps that were undertaken to carry out the pilot study. In the 

following subsections, details are given about the sample size and participants. 

7.1.1. Sample Size 

As well as selecting pilot study participants who closely resemble the target population for the 

main study, it is necessary to determine the minimum or required sample size for the pilot study, 

Pilot study 
details

Pilot study 
results

Changes and 
modifications

Chapter 
summary
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to ensure that statistical procedures (as described in section 6.2.5) are used that minimize 

standard errors of correlation coefficients, so that the resultant factor analyses yield stable 

solutions. Factor analysis consists of statistical techniques that aim to simplify complex sets of 

data. Kline (2014) stated that, in the social sciences, factor analysis is usually applied to 

correlations between variables. He elaborated that a correlation is a numerical measure of the 

degree of agreement between two sets of scores, running from +1, indicating full agreement; 

to 0, indicating no relationship; and ending in –1, for complete disagreement.  

Fabrigar, Wegener, MacCallum, and Strahan (1999) identified that most of the guidelines for 

factor analysis, which determine sample size, are typically based on the number of measured 

variables. In other words, they determine the ratio of sample size, (N) to the number of variables 

(p) being analysed. Other scholars recommend including the minimum necessary sample size, 

(N). Gorsuch (1983) suggested a ratio of five participants per measured variable and 

determined that the sample size (N) should not be less than 100, which Kline (1979, 1986) 

supported. Cattell (1978) believed that this ratio (N:p) should be in the range of three to six per 

measured variable (3 x 31 = 93 or 6 x 31 = 186). A study from Arrindell and Van der Ende 

(1985), similar to Barrett and Kline (1981), which drew from large datasets and subsamples 

and compared their solutions with the full-sample solutions, found that, for a 76-item 

questionnaire, a subsample of N=100 is sufficient to achieve an adequate match to the full-

sample solution. For a 20-item questionnaire, they found a subsample of N=78 was sufficient. 

These Ns correspond to N:p ratios at approximately 1.3 and 3.9, respectively (MacCallum, 

Widaman, Zhang, & Hong, 1999).  

As the literature contains a wide range of recommendations regarding sample size in factor 

analysis, and there is no definitive rule to be applied for empirical research, specifically not 

related to sample size of pilot studies. Consequently, this study follows the procedure that the 

sample size for the pilot study should allow to pre-test and assess the validity and reliability of 

the questionnaire to ensure that statistical procedures which are going to be used that minimize 

standard errors of correlation coefficients, so that the resultant factor analyses yield stable 

solutions.  
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7.1.2. Participants 

Based on above recommendations, 76 participants were invited to take part. The anonymous 

snowballing approach was used to increase the number of returns, in consideration of time, 

effort and cost associated with the pilot study data collection. The anonymous snowballing 

method was conducted by providing participants with extra questionnaires and asking that they 

distribute them to peers, other companies and subsuppliers, and encourage them to complete 

the additional questionnaires. This approach reinforced the mechanism that, even for the pilot 

study that used a convenience sample, the researcher would not be able to match returned 

questionnaires with respondents (or their companies) that completed them, as no unique 

identifiers were included in the questionnaire (as described in section 4.10.1). Further, the 

anonymity mechanism served as evidence to the companies that were directly approached that 

participants’ privacy was secure. A total of 189 hard and soft copies of the pilot study 

questionnaires were unequally distributed to the invited 76 pilot study participants. 

Tharenou, Donohue, and Cooper (2007) stated that convenience sampling is a commonly used 

technique for exploratory purposes such as pre-testing or conducting a pilot study. Convenience 

sampling is a kind of non-probability or non-random sampling (Farrokhi & Mahmoudi-

Hamidabad, 2012). Dörnyei (2007) stated that, in a convenience sample, members of the target 

population are generally selected for the purpose of the study if they meet certain practical 

criteria, such as geographical proximity, availability at a certain time, easy accessibility, or 

willingness to volunteer or participate in the study. For this study, geographical proximity 

refers to being located in Singapore. That is, as the study covers SCRM practices in Singapore 

companies, availability at a certain time was not specifically a concern for this study; instead, 

accessibility and willingness to participate were the main drivers of selecting a convenience 

sample with anonymous snowballing approach.  

The participants were selected from the researcher’s personal contacts. They were from 

companies in the manufacturing sector and the transport and storage sector target population 

(described in section 5.3), including management representatives; assistant management 

representatives; procurement and supply chain professionals and managers; logistics, transport 

and storage managers and experts; and professionals from other industries. All participants 

possessed knowledge related to SCRM practices. The researcher personally contacted the 

selected 76 individuals to seek their consent to participate in the pilot study. The pilot study 
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data collection was carried out between August 2015 and September 2015. The researcher 

either met with the consenting participants to hand deliver the questionnaire or passed the 

questionnaire to administrative officers as advised by the consenting participants. In some cases, 

the researcher had the opportunity to explain directly to participants the purpose of the survey, 

and to reflect on the questionnaire cover page. The participants were given several additional 

questionnaires to distribute to other possible participants, for the anonymous snowballing 

approach explained earlier in this chapter. The participants were advised to complete the 

questionnaire within two to three weeks and return it using the pre-paid, addressed envelope, 

or alternatively those which opted for the softcopy version to email the completed questionnaire 

to the researcher’s university email address. The pilot also provided the opportunity to test the 

procedure for returning the questionnaires. 

7.2. Pilot Study Results 

This section presents the results of the pilot study. First, the response rate is explained, followed 

by the demographic statistics and company information of the pilot study respondents (sections 

B and C of the questionnaire). This is followed by the results of the EFA and reliability analysis 

(section A of the questionnaire). Factor analysis for section A of the questionnaire confirmed 

that the scales derived from previously validated studies, which had been adapted or modified 

for this study, were relevant to the SCRM research context of this study. Henson and Roberts 

(2006) stated that latent constructs, or factors, are thought to cause and summarize responses 

to observed variables, and that theory development and score validity evaluation are both 

closely related to factor analysis. Hendrick and Hendrick (1986, p. 393) emphasized, “Theory 

building and construct measurement are joint bootstrap operations.” Factor analysis both tests 

measurement integrity and guides further theory refinement (Henson & Roberts, 2006). The 

purpose of reliability analysis is to check the stability (Cronbach’s alpha) of the scales used.  

7.2.1. Response rate  

The calculated response rate is based on the total issued questionnaires divided by the usable 

valid obtained responses:  

66 (valid responses obtained) : 189 (total issued questionnaires) x 100 = 34.92% 

response rate.   
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7.2.2. Descriptive Statistics  

The descriptive statistics presented in this section entail the results from sections B and C of 

the pilot study questionnaire. Section B asked for information on respondents’ companies, 

including business sector, company size by number of employees, main reasons for doing risk 

management within their organization and activities respondents will undertake or are currently 

working on to increase the resilience of the organization’s supply chain. Section C asked for 

information about the respondents themselves, including their position in the company, how 

many years of experience they had in SCRM, and their gender, age and highest level of 

education.  

The descriptive statistics relating to business sector are presented in Table 7. Throughout the 

text, percentage figures in the descriptive text are rounded up or down; detailed figures are to 

be extracted from the table itself. About 58% of respondents were from the manufacturing 

sector, about 17% from the transport and storage sector, about 3% from the professional, 

scientific and technical sector, and the remaining about 23% were from other sectors, including 

five respondents from the construction and maintenance sector, five from the packaging sector, 

two from the energy management sector and three who did not state their specific industry or 

sector but marked “Other” without stating further details. 

Table 7: Pilot study participants by distribution of business sector categories 

 

The following tables present descriptive statistics relating to company size and the participants’ 

position in the company, years of experience, gender, age and education level. 



  120 

 

Table 8: Pilot study participants by company size 

 

Table 9: Pilot study participants by position in the company 

 

Table 10: Pilot study participants by years of experience 

 

Table 11: Pilot study participants by gender 

 

Table 12: Pilot study participants by age 
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Table 13: Pilot study participants by highest education level 

 

The descriptive statistics relating to the activities the respondents will undertake or are 

currently working on to increase the resilience of their supply chain are presented in Table 14. 

For this section of the questionnaire, respondents were asked to tick at least one item but not 

more than three; as such, some respondents ticked just one item, but some respondents two or 

three. The most common response, selected by 59% of respondents, was “improve 

collaboration with suppliers and partners”; the second highest response, by 35% of respondents, 

was “to improve demand forecasting”; 27% selected “to strengthen business continuity 

planning”; 24% selected “conduct regular risk audits of key suppliers”; and 24% selected “shift 

from single to multiple supplier base”. The remaining items came in at a much lower selection 

frequency, as per the details in Table 14.  
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Table 14: Pilot study participants’ activities to increase SCRM resilience 

 

 

Descriptive statistics relating to the main reasons for doing risk management are presented in 

Table 15. For this section of the questionnaire, respondents were asked to tick at least one item 

but not more than two items; as such, some respondents selected just one and some two. The 

table shows that 53% of respondents selected as their main reason for doing risk management 

the item “operational requirements such as production, quality, cost cutting” and 50% selected 

“legal, regulatory or compliance requirements”—these were the main reasons for doing risk 

management. The remaining items came in at a much lower selection frequency, as per the 

details in Table 15.  
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Table 15: Main reasons for doing risk management 

 

7.2.3. Overview of Constructs 

Table 16 reflects the mean and standard deviation taken from the average of the raw data. The 

mean scores for each construct are the mean of all the respondents for this latent variable 

(meaning all variables are included in the computation). For example, for level of 

understanding of SCRM (LOU), the average rating for each respondent was calculated for the 

following four variables:  

• I am fully aware of tools and techniques available for effective supply chain risk 

management.  

• I regard the establishment of ongoing supplier assessment and the development of 

supply chain risk mitigation strategies as important.  

• I know how to relate supply chain risk management tools and techniques to my 

company processes and decision making.  

• I record details of supply chain disruptions and the actions that have been put in 

place to mitigate or avoid future incidents.  

This method was also used to calculate the standard deviations for all the latent variables, where 

all the original variables of the pilot study questionnaire are included (exclusions of specific 

variables are explained further in section 7.3). Table 16 presents the mean scores and standard 

deviations of the constructs identified for this study. The constructs management support (MS) 

and perceived risk of catastrophic events (PRCE) have the lowest overall scale mean of 4.7 

each and standard deviations of 1.09 and 0.91, respectively, whereas level of understanding 

(LOU) had the highest overall scale mean of 5.39 (SD=0.76). 
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Table 16: Overview of constructs 

 

 

7.2.4. Exploratory Factor Analysis  

EFA is used to “identify the factor structure or model for a set of variables” (Bandalos, 1996, 

p. 389). EFA is an exploratory method used to generate theory; researchers use EFA to search 

for the smaller set of k latent factors to represent the larger set of j variables (Henson & Roberts, 

2006). Pedhazur and Schmelkin (1991) noted:  

Of the various approaches to studying the internal structure of a set of variables or 

indicators, probably the most useful is some variant of factor analysis. (p. 66) 

Factor analysis is often used to determine the theoretical constructs that underlie a given dataset 

and the extent to which these constructs represent the original variables (Henson & Roberts, 

2006). However, EFA is not without its critics, despite its frequent use and utility in research. 

The criticism centers mainly around the interpretation of results, which hinges to some extent 

on the researcher’s reflective judgment. Mulaik (1987) suggested:  

It is we who create meanings for things in deciding how they are to be used. Thus, we 

should see the folly of supposing that EFA will teach us what intelligence is, or what 

personality is. (p. 301) 

Thompson and Daniel (1996) stated:  
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… analytic results can inform the definitions we wish to create, even though we 

remain responsible for our elaborations and may even wish to retain the 

definitions that have not yet been empirically supported or that limited empirical 

evidence may even contradict. (p. 202) 

Tabachnick and Fidell (2012) noted that, after factor extraction, a vast range of rotations 

are available, all accounting for the same amount of variance in the original data, but 

with factors defined slightly differently. The final choice among alternatives depends 

on the researcher’s assessment of its interpretability and scientific utility. Reliability, in 

essence, is concerned with dependability, stability, predictability, consistency and 

accuracy, and it relates to the extent to which any measuring procedure yields the same 

results on repeated trials (Carmines & Zeller, 1979; Kerlinger, 2007). 

The scales for this study were derived and modified or adapted from previously validated 

studies. To assess the reliability of the measurement scales, EFA was first run using all 41 

variables (all items of the 31 questions and subquestions in section A of the questionnaire). 

Ticehurst and Veal (2000) stressed the importance of assessing the internal reliability of all 

factors to be initially retained. Thereafter, to address the dimensionality of the measurement 

items, within-block factor analysis for each of the eight constructs was conducted. This 

approach is consistent with studies by Koufteros (1999) and Lu, Lai, and Cheng (2007) to 

ascertain the unidimensionality (of related items measuring a specific construct) within a block.  

As the objectives of EFA are: the reduction of a number of factors (variables); assessment of 

multicollinearity among factors which are correlated; unidimensionality of constructs’ 

evaluation and detection; evaluation of construct validity in a survey; examination of factors’ 

(variables’) relationships or structures; development of theoretical constructs; and proof of 

proposed theories (Pett, Lackey, & Sullivan, 2003; Thompson, 2004).  

Factor analysis is conducted to condense the information contained in a number of original 

variables into a smaller set of variables (factors), with minimal loss of information (Hair, 2010, 

p. 17). An extraction technique is one of a group of methods that examines the 

correlation/covariation between all the variables and seeks to extract the latent variables from 

the measured variables (Osborne, 2014). Several extraction methods are available: principle 

component analysis (PCA), principal axis factoring (PAF), unweighted least squares (ULS), 
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generalized least squares (GLS), maximum likelihood (ML), alpha extraction, image factoring 

and canonical (Osborne & Costello, 2009; Tabachnick, Fidell, & Osterlind, 2001; Thompson, 

2004). PCA and PAF are the most commonly used methods (Henson & Roberts, 2006; 

Tabachnick et al., 2001; Thompson, 2004). It is suggested that PCA be applied when no prior 

theoretical basis or model exists (Gorsuch, 1983). PAF is useful when researchers want to 

determine the underlying factors related to a set of items (Burton & Mazerolle, 2011). 

Analysing the data is an important step in identifying whether a variable might relate to more 

than one factor (Williams, Brown, & Onsman, 2012). Rotation techniques can help to produce 

more interpretable and simplified solutions by maximizing high item loadings and minimizing 

low item loadings (Taherdoost, Sahibuddin, & Jalaliyoon, 2014). Two methodologies are 

generally used: orthogonal and oblique rotation techniques (Taherdoost et al., 2014). The 

orthogonal and oblique methods have several options for rotation: for the orthogonal method, 

varimax, quartimax and equamax; for the oblique method, direct oblimin and promax are 

available (Osborne, 2014). Osborne and Costello (2009) stated that orthogonal rotation 

produces more easily interpretable results, and this method is slightly simpler than oblique 

rotation. Varimax rotation, which was developed by (Thompson, 2004) is the most common 

form of rotational methods for EFA and will often provide a simple structure (Taherdoost et 

al., 2014). 

Based on the above review of recommendations and suggestions for EFA, for this study, the 

PCA extraction method was selected for the full variables, with the orthogonal rotation method 

varimax. For the EFA of each factor, the PAF extraction method was selected, with no rotation 

as there is only one factor involved (further explained below).  

For the individual scale items used in this pilot study, corrected item-to-total correlations as a 

retention of factors was employed. Corrected item-to-total correlations reflect the extent to 

which any one item is correlated with the remaining items in a set of items under consideration 

(within each construct). Items with low corrected item-to-total correlations can be considered 

for deletion from the scale (Netemeyer, Bearden, & Sharma, 2003). Kerlinger (1979) 

recommended a minimum item-to-total correlation of 0.20 or above for inclusion of items in a 

scale. Bearden and Netemeyer (2011) suggested corrected item-to-total correlations of 0.35 or 

above for retention. Hair et al. (2006) proposed that factor loadings greater than ± 0.30 meet 

the minimum level; loadings of ± 0.40 are considered more important for retention purposes; 
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and, if the loadings are ± 0.50 or greater, they are considered practically significant. In this 

pilot study, a minimum item-to-total correlations factor loading of ± 0.40 has been used to 

retain scales.  

Table 17 reflects the within-block factor loadings of all eight constructs of this pilot study. The 

results reveal that all items within each construct loaded on a single factor. The loadings for 

the construct level of understanding (LOU) of SCRM ranged from 0.249 to 0.910 with a 

Cronbach’s alpha of 0.651. The loadings for the construct management support (MS) for 

SCRM ranged from 0.559 to 0.834 with a Cronbach’s alpha of 0.781. The loadings for the 

construct perceived risk of catastrophic events (PRCE) ranged from 0.160 to 0.859 with a 

Cronbach’s alpha of 0.321. The loadings for the construct perceived ease of use (PEOU) of 

SCRM ranged from 0.203 to 0.904 with a Cronbach’s alpha of 0.545. The loadings for the 

construct perceived usefulness (PU) of SCRM ranged from 0.438 to 0.805 with a Cronbach’s 

alpha of 0.701. The loadings for the construct attitude (A) towards using SCRM ranged from 

–0.039 to 0.744 with a Cronbach’s alpha of 0.589. The loadings for the construct intention to 

use (IU) SCRM ranged from 0.602 to 0.763 with a Cronbach’s alpha of the scale of 0.770. 

Finally, the loadings for the construct actual use (AU) of SCRM ranged from 0.505 to 0.795 

with a Cronbach’s alpha of 0.849. 

The loadings for each construct are reflected in Table 17 together with their associated 

Cronbach’s alpha coefficient. For the initial EFA, several items fell below the specified 

minimum criteria. Changes and modifications were made as a result, addressed in the next 

section. 
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Table 17: Pilot study EFA by constructs 

 

 

Question # 

Pilot study

Construct 1 2 3 4 5 6 7 8 Cronbach's 

Alpha

1 LOU-1 0.249219326

12 LOU-2 0.466476024

10 LOU-3 0.68712105

18 LOU-4 0.909865756

11 MS-1 0.559323449

9 MS-2 0.683884037

17 MS-3 0.83356898

15 MS-4 0.769775489

14 PRCE-1 -0.47323467

20 PRCE-2 0.160362539

22 PRCE-3 0.8445082

23 PRCE-4 0.859244968

5 PEOU-1 0.903844363

19 PEOU-2 0.522119756

28 PEOU-3 0.579165003

26 PEOU-4 0.203049404

3 PU-1 0.80496523

21 PU-2 0.468922914

29 PU-3 0.438101319

2 PU-4 0.720476349

8 A-1 -0.15648596

16 A-2 0.223770917

4 A-3 -0.03949544

25a A-4 0.189061091

25b A-4 0.456318645

25c A-4 0.492915156

25d A-4 0.744011897

25e A-4 0.688350454

27 IU-1 0.763456129

7 IU-2 0.603453662

6 IU-3 0.763160864

13 IU-4 0.601564118

24 AU-1 0.504735963

30a AU-2 0.53032235

30b AU-2 0.69709486

30c AU-2 0.645748394

30d AU-2 0.794674659

30e AU-2 0.668860906

30f AU-2 0.517238497

30g AU-2 0.691095556

31 AU-3 0.592729843

Actual use (AU)

Perceived ease 

of use (PEOU)

Perceived 

usefulness (PU)

 Intention to use 

(IU)

Attitude towards 

using (A)

Level of 

understanding 

(LOU)

Management 

support (MS)

Perceived risk of 

catastrophic 

events (PRCE)

Factor

0.321

0.849

0.545

0.701

0.770

0.589

0.651

0.781
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7.3. Changes and Modifications  

This section highlights the changes and modifications made to the questionnaire as a result of 

the initial EFA. Each of the eight constructs is analysed individually, and respective 

refinements, changes or modifications are highlighted in the following tables.  

Other refinements made after the pilot study was conducted included the removal of the SSIC 

Code, which the pilot questionnaire had asked respondents to provide in section B as additional 

information. Most participants did not have readily available their organization’s SSIC Code; 

they would have to obtain their specific code from different departments in their organizations 

or simply omit this field and leave it blank. As this was just an additional information request, 

there was no substantial loss of information by omitting the code, as the selection boxes 

provided under question 1 in section B of the questionnaire fulfilled the requirements of the 

study in terms of groupings and analysis.  

Additionally, questions 3 and 4 in section B were compressed, as the pilot questionnaire 

contained too many selection possibilities that were not required, unnecessarily complicating 

the survey. The revised combination kept the questionnaire to a manageable length and made 

it more concise. Further feedback was that, with 41 scale items in total, the questionnaire was 

too lengthy; as such, effort was taken (explained further below) to reduce the length of the 

questionnaire. 

Table 18 shows the summary for all changes made. All computation details of the within block 

factor analysis by constructs can be found in Appendix B.  

Scale items shaded in light grey were removed as they either fell below the specified factor 

loading minimum threshold of ± 0.40 or they were removed in order to reduce the length of the 

questionnaire, this was the case only for question 11 for the construct (MS). The brown 

highlighted scale item, question 14 for (PRCE-1), was reversed so as to have a positive scale 

for all items in the study. For the computation of factor values of latent factors, it is useful to 

transform for analysis individual items into the same direction. This was the case for the scale 

of question 14 (PRCE-1). While for the items question 22 (PRCE-3) and question 23 (PRCE-

4) a negative formulated question was used (“insignificant“/”not a concern or focus“) was for 

question 14 (PRCE-1) a positive formulated question (“impacting our supply chain“) used. 
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This reversing has no influence to the quality of the measurement model as only the direction 

of the correlation was changed, but not its strength. The brown highlighted scale items, question 

30 for (AU), were combined into one question in order to limit the length of the questionnaire 

to a manageable level. 

Table 18: Measurement items for this study 

Latent 

constructs 

(unobserved 

variables) 

Item 

Question 

number in 

pilot study 

questionna

ire 

Observed indicator variables (scale items) 

Level of 

understanding 

(LOU) 

LOU-1 1. I am fully aware of tools and techniques available for effective supply chain risk 

management. 

LOU-2 12. I regard the establishment of ongoing supplier assessment and the development of 

supply chain risk mitigation strategies as important. 

LOU-3 10. I know how to relate supply chain risk management tools and techniques to my 

company processes and decision making. 

LOU-4 18. I record details of supply chain disruptions and the actions that have been put in place 

to mitigate or avoid future incidents. 

Management 

support (MS) 

MS-1 11. My organization has a department or individuals entirely dedicated to supply chain 

risk management. 

MS-2 9. My organization provides risk management training to our supply chain team. 

MS-3 17. Management team meetings are frequently organized to reflect on actions on supply 

chain risks. 

MS-4 15. The top management (Managing Director or equivalent) acknowledges the 

contributions and encourage individuals or teams, which establish or enhance supply 

chain risk management practices in our organization. 

Perceived risk 

of catastrophic 

events (PRCE) 

PRCE-1 14. I am very concerned about the threats of man-made or natural catastrophic events 

impacting our supply chain. 

PRCE-2 20. I view the resilience and adaptability of our supply chain as very high, therefore there 

will be minimal to no effect of man-made or natural catastrophic events to it. 

PRCE-3 22. My focus is on operational risk management, upstream and downstream the supply 

chain. Macro environment risks (risks from natural or man-made catastrophic events) 

are not a concern or focus.  

PRCE-4 23. Risks from man-made or natural catastrophic events are considered insignificant to 

our supply chain. 

Perceived ease 

of use (PEOU) 

PEOU-1 5. I find supply chain risk management tools and techniques easy to use. 

PEOU-2 19. I find formal documented techniques of supply chain risk management procedures 

rather simple to implement and use. 

PEOU-3 28. It would be easy for me to become proficient applying supply chain risk management 

tools and techniques. 

PEOU-4 26. Using supply chain risk management procedures does not require a lot of my mental 

effort. 

Perceived 

usefulness (PU) 

PU-1 3. Supply chain risk management practices allow me to undertake complex supply chain 

decisions more quickly and efficiently. 

PU-2 21. Using supply chain risk management tools and techniques improves the quality of 

work I do. 

PU-3 29. Supply chain risk management practices support important aspects of my job. 

PU-4 2. I find supply chain risk management practices useful in my job. 

Attitude 

towards using 

(A)   

A-1 8. Using supply chain risk management tools and techniques is a wise idea. 

A-2 16. Using supply chain risk management tools and techniques is a pleasant experience. 
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A-3 4. I am very positive and supportive applying supply chain risk management practices in 

my company. 

A-4 25. To which extend you agree that over the past 3-5 years the most important risks in 

terms of supply chain disruption are following a - e: (rank all, a - e) 

a) Demand Side Risk 

b) Supply Side Risk 

c) Regulatory, Legal and Bureaucratic Risk 

d) Infrastructure Risk 

e) Catastrophic Risk 

Intention to use 

(IU) 

IU-1 27. I intend to use supply chain risk management tools and techniques in my 

organization. 

IU-2 7. I want to increase the frequency of supply chain risk assessments and audits. 

IU-3 6. I intend to use supply chain risk management tools and techniques on a regular basis. 

IU-4 13. I intend to appoint internal or external staff to formally map and rank our supply chain 

risks. 

Actual use 

(AU) 

AU-1 24. My organization provides regular supply chain risk management reports to our 

Executive Management / Headquarter or Board level. 

AU-2 30. Do you agree that listed instruments or tools (a – g), are frequently used by you for 

your supply chain risk management practices? (rank all: a – g) 

a) Financial modelling 

b) Supply chain worst case modelling 

c) Approach questioning standing (What if?) 

d) Mapping of internal and external processes (Value Stream Mapping) 

e) FMEA (Failure Mode and Effects Analysis) 

f) Ishikawa’s Diagram, Brainstorming 

g) PDCA (Plan, Do, Check, Act), 6σ (6 Sigma, permanent improvement) 

AU-3 31. I would rate my usage pattern of supply chain risk management practices as frequent. 

Note: The grey highlighted questions were deleted; the brown highlighted questions have been reformulated without any 

further question subcategories. 

A further within-block factor EFA simulation, containing the remaining 24 items, was 

conducted and evaluated, utilizing the pilot study dataset. The outcome of this EFA simulation 

run is presented in Table 19. The results reveal that, for the initial investigation during 

exploratory research, the Cronbach’s alpha correlation of all eight constructs were above the 

stipulated minimum threshold of 0.60 or more. The factor loadings for the scale items all 

exceeded the minimum level of ± 0.40. Loadings for the scale items considered more important 

for retention purpose were all above the established minimum threshold of ± 0.40, (except PU-

2 at 0.399, which was very close to the minimum defined threshold). Given that the sample 

size for this pilot study was relatively small (66 valid responses), the established values were 

at this stage only exploratory in nature and as such regarded satisfactory for the pilot study.  
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Table 19: EFA simulation based on 24 items by constructs 

 

Details of the recalculated retained scale items for each construct are provided in Appendix B.  

7.4. Chapter Summary 

This chapter outlined the methods used for the pilot study, which assessed the reliability and 

validity of the measurement items and its associated constructs. This process was valuable for 

the conduct of the main study. EFA was conducted and within-block factor analysis was 

performed for all eight constructs. From the initial 31 questions of the pilot study (41 scale 

items), 24 items were retained (across each of the eight constructs, with three scale items each). 

Analysis and feedback by respondents resulted in some further refinement of section B of the 

questionnaire, to make it more concise. The constructs and their related measurement items, 

resulting from EFA, were used for the conduct of the main study.  

The next chapter will cover the steps undertaken for the main study. It will further reflect and 

elaborate on the series of statistical analysis using CFA, and present the results of the 

hypothesis testing undertaken for this study. 

 

Question # 

Pilot study

Construct 1 2 3 4 5 6 7 8 Cronbach's 

Alpha

10 LOU-3 0.844

1 LOU-1 0.758

18 LOU-4 0.456

17 MS-3 0.860

15 MS-4 0.791

9 MS-2 0.637

22 PRCE-3 0.841

23 PRCE-4 0.826

14 PRCE-1 0.517

5 PEOU-1 0.821

28 PEOU-3 0.593

19 PEOU-2 0.589

3 PU-1 0.817

2 PU-4 0.772

21 PU-2 0.399

8 A-1 0.859

4 A-3 0.742

16 A-2 0.401

6 IU-3 0.795

27 IU-1 0.714

7 IU-2 0.623

31 AU-3 0.703

24 AU-1 0.669

30 AU-2 0.620

Level of 

understanding 

(LOU)

Management 

support (MS)

Factor

Actual use (AU)

Attitude towards 

using (A)

Intention to use 

(IU)

Perceived 

usefulness (PU)

Perceived risk of 

catastrophic events 

(PRCE)

Perceived ease of 

use (PEOU)

0.679

0.751

0.691

0.707

0.800

0.760

0.690

0.691
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8. Main Study 

This chapter presents the data analysis and results of the main study. Changes and 

modifications resulting from the pilot study (described in section 7.3) were incorporated prior 

to the main study being conducted. This chapter explains the statistical procedures and analysis, 

using structural equation modelling (SEM) using Statistical Package for Social Sciences (SPSS) 

version 21.0 for Windows and Analysis of Moment Structures (AMOS) version 21.0 for 

Windows (as described in section 6.2). The response rate of the main study, the 

representativeness of the sample, the data screening, the descriptive statistics of respondents, 

and the results of the hypothesis testing are all presented in this chapter. 

Figure 20: Schematic overview of key elements of main study chapter 

8.1. Representativeness of the Sample 

The data collection for the main study was conducted from mid-November 2015 till the end of 

December 2015. The Accounting and Corporate Regulatory Authority (ACRA) directory 

listing of Singapore registered companies (local and multinational companies, or MNCs) was 

used as the source for participants, in line with the study’s target population (see section 5.3). 

The selection criteria, based on the ACRA listing were as follows:  

• company status=Live (Status Code “0”) 

• paid-up capital>S$0.5 million 

• principal activities:  

o manufacturing (SSIC Code 10101 to 32909), N=3,666  

o transport and storage (SSIC Code 49101 to 53200), N=1,756.  

The combined population that met the above selection criteria came to 5,422 companies 

(N=5,422). 
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A total of 1,590 companies from the manufacturing sector were randomly selected, and 760 

companies from the transport and storage sector. In total, 2,350 companies were invited to 

participate in the study and were issued the mail questionnaire.  

Cook, Heath, and Thompson (2000, p. 821) argued that response representativeness is more 

important than response rate in survey research. Campion (1993) stated that it is important to 

have adequate return rates, that the influence of non-respondents is addressed, and that studies 

do not contain any obvious biases (nonresponse bias is discussed in section 8.1.3). This study 

collected information through a proportionate random sampling of the target population from 

the manufacturing sector and the transport and storage sector, both key to related SCRM 

activities and major industry players in Singapore’s economy. This is consistent with reports 

from the Singapore Ministry of Manpower and the published Singapore Yearbook of 

Manpower Statistics 2016, which shows that the manufacturing sector and the transport and 

storage sectors are large players in contributing and forming the country’s economy. As such, 

respondents for this study comprised representatives from those important industry sectors. 

Therefore, it is reasonable to conclude that this study adequately addressed the important issue 

of response representativeness (i.e. the respondents represented Singapore’s key industry 

players relevant to SCRM). 

As such, the representativeness of the sample was achieved, with responses captured and 

analysed coming from those two relevant sectors (limitations are discussed in section 10.4). 

The response rate is reported in the following section. 

8.1.1. Response Rate 

The calculated response rate is based on the total issued questionnaires divided by the usable 

valid obtained responses:  

246 (valid responses obtained) : 2,350 (total issued questionnaires) x 100 = 10.47% 

response rate.   

A total of 19 responses were excluded as non-valid, as some returned questionnaires were 

incomplete. Six respondents were issued, as per their request, with the softcopy Excel version 

of the questionnaire. Four respondents requested separately, via email, a summary report of the 



  135 

 

findings of this research, as stipulated as a participant benefit on the cover page of the research 

questionnaire. 

Many reasons exist for nonresponses. As Weiner and Dalessio (2006) pointed out, “over-

surveying” might be one of those reasons, where target individuals or firms are flooded with 

questionnaires and become fatigued, refusing to respond to any more questionnaires. Fenton-

O'Creevy (1998) found that nonrespondents reported various reasons for not responding, such 

as being too busy (28%), that the questionnaire was not considered relevant (14%), that there 

was no available address return the questionnaire (12%) and that it was company policy not to 

complete surveys (22%). (The remaining 24% did not state clear reasons.) 

The achieved response rate in this study falls at an acceptable two-digit percentage rate. 

Reasonable steps were taken to increase the response rate. Rogelberg and Stanton (2007) 

suggested the following steps to increase response rates, and these were taken for this study:  

• response facilitation, providing alternative opportunities for respondents to reply or 

obtain different questionnaire formats. In this study, questionnaires could be returned 

by mail or email. 

• careful consideration of survey design with relevant steps (focus group discussion, pilot 

testing, etc..) well explained. In this study, the length of the questionnaire was addressed 

by sensibly reducing the scale item variables from 41 to 24 after the pilot study 

evaluation (see Chapter 7) 

• establishing the importance of the survey and fostering survey commitment. In this 

survey, this was established with the cover page explanation and inclusion of the 

university logo, detailed explanations, and option for respondents to obtain the 

summary survey findings as a participant benefit. 

Moreover, very low response rates are found in South-East Asian countries (including 

Singapore): Wang, Wee, and Koh (1998) mentioned that a typical response rate of 10–15% is 

to be expected when conducting a mail survey in Singapore. Harzing (1997, 2000) highlighted 

that, regardless of whether the study is domestic or foreign, response rates for Singaporeans 

were as low as 4.8%. Harzing (2000) suggested that the hectic business life, a mistrust of mail 

surveys in general, and a fear of competitive intelligence under the pretext of academic research 

are the major reasons for low response rates in South-East Asian countries. Although the 
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response rate for this study was relatively low, considering the reasons mentioned above, it is 

deemed adequate for meaningful analysis for this study.  

In the next section, the considerations for an adequate sample size to conduct statistical tests 

are addressed. 

8.1.2. Sample Size 

In order to achieve the desired level of statistical power that makes it possible to generalize the 

research, McQuitty (2004) suggested that it is important to determine the minimum sample size. 

Gallagher et al. (2008) stressed that sample size is a critical aspect to consider when using SEM, 

because it affects the statistical significance of the research. Fabrigar et al. (1999) identified 

that most of the guidelines typically determine sample size either based on the number of 

measured variables included or by specifying a minimum necessary sample size regardless of 

the number of measured variables. Although there is little consensus on the recommended 

sample size for SEM (Garver & Mentzer, 1999; Hoelter, 1983; Sivo et al., 2006), a proposed 

rule of thumb is that any number above 200 provides sufficient statistical power for data 

analysis. This view is in line with Kline (2010), who considers a sample size of less than 100 

as small, between 100 and 200 as medium and a better minimum level, and more than 200 large.  

In view of those recommendations, the 246 valid responses received for this study are deemed 

adequate to use SEM as a multivariate statistical method for data analysis. However, there is a 

potential for response bias to occur with mail surveys (Nir Menachemi, Neset Hikmet, Mary 

Stutzman, & Robert G Brooks, 2006). Lambert and Harrington (1990, p. 21) noted that 

“nonresponse is always a concern in mail surveys” and that it is critical to “make every effort 

to identify and correct of its existence.” The next section details the steps taken to deal with 

nonresponse bias and which tests were carried out to examine the likelihood of survey 

nonresponse bias.  

8.1.3. Determining Non-Response Bias 

There are different types of nonresponse. Wagner and Kemmerling (2010) stated that one type 

of nonresponse is termed ‘unit nonresponse’, defined as the failure to obtain a valid response 

from a sampled unit (Brick, 2013), which entails the inability to deliver the questionnaire, 
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possibly due to incorrect or outdated company information, or the questionnaire not reaching 

the targeted respondent in the organization, possibly due to the respondent’s absence. This type 

of nonresponse also includes respondents having limitations on the time, effort and resources 

it would take to respond, refusal to respond, lack of interest in the survey subject and being 

ineligible to respond due to policies in their firm that disallow participation in survey research.  

As much as possible, the researcher minimized unit nonresponse for this study. Inability to 

deliver was minimized by obtaining the latest ACRA records, which contains updated company 

addresses. Nonresponse due to absence was minimized by providing an appropriate time frame 

for respondents to return the questionnaire (questionnaires were sent from 11 November 2015, 

and the cut-off date for return, as stated on the cover page, was 20 December 2015). The risk 

of not reaching the targeted group of respondents was minimized by providing a generic 

address for respective managers in the manufacturing sector and the transport and storage 

sector, due to the anonymous nature of the questionnaire. Time constraints were minimized by 

keeping the survey concise and to a manageable length, incorporating the findings from the 

pilot study. Lack of interest was minimized through the offering of participant benefits and the 

information on the cover letter, as described in section 4.10. 

A second type of nonresponse is termed ‘item nonresponse’, which entails respondents failing 

to complete the full questionnaire or missing one or more items in the questionnaire. Major 

sources of item nonresponse, as stated by Wagner and Kemmerling (2010), include lacking the 

knowledge to answer a question, unintentional oversight and intentional nonobservance 

because the item demands disclosure of critical or sensitive information. Item nonresponse for 

this study was minimized by the review by subject matter experts, the order and layout of the 

questions, and using contrast for the questionnaire (see Chapter 5). No sensitive information 

was requested, and the questionnaire was anonymous. Only one non-valid questionnaire was 

received in which the respondent completed none of the grey shaded questions (possibly due 

to colour blindness or unintentional oversight). Only one non-valid questionnaire was received 

in which the respondent ticked “strongly agree” for all items in section A, and then the first 

option in sections B and C. This could be regarded as a lack of interest by the participant: 

perhaps they were instructed by their supervisor to complete the questionnaire but did not have 

an interest in doing so. Additionally, 17 questionnaires were incomplete, because the 

respondent had missed either one or more items on page 1 or the subsequent second or third 



  138 

 

pages, even though directions and arrows in bold font stipulated that there were more questions 

overleaf, as follows: 

Please continue overleaf at page 2➔ 

Please continue at page 3➔ 

However, no particular pattern was identified for those incomplete returns. This is likely to be 

because of unintentional oversight or respondents being interrupted while they filled out the 

questionnaire, causing them to overlook pages or questions as they made an effort to complete 

and return the questionnaire using the pre-paid return envelope.  

Unit nonresponse and item nonresponse results from missing data. Brick (2013) stated that bias 

is the dominant component of errors related to nonresponses in estimates and that nonresponse 

bias generally does not decrease as the sample size increases. He went on to state that bias is 

often the largest component of mean square error of the estimates, even for subdomains when 

the sample size is large (Brick, 2013). Several empirical studies have shown instances where 

lower nonresponse rates, which are often used as a factor to determine data quality, are not 

necessarily linked to nonresponse bias (Biemer & Lyberg, 2003). In other studies, there was as 

well very little correlation between the overall response rate and nonresponse bias; thus, lower 

response rates did not lead to increased nonresponse bias (Curtin, Presser, & Singer, 2000; 

Keeter, Kennedy, Dimock, Best, & Craighill, 2006; Keeter, Miller, Kohut, Groves, & Presser, 

2000; Merkle & Edelman, 2002). 

Several methodological techniques have been developed to detect the existence, direction and 

magnitude of nonresponse bias (Wagner & Kemmerling, 2010), including ignoring 

nonresponses, comparing nonresponses to the population, comparing responses to 

nonresponses, comparing early respondents to late respondents, and follow-up, double-

sampling or double-dipping, which in essence entails contacting nonrespondents again 

(Lindner, Murphy, & Briers, 2001).  

To avoid over-surveying, and in consideration of the extra money, resources and time it would 

involve, limitations exist around contacting respondents or nonrespondents again. First, 

respondents’ mail address was the only contact information available (see section 6.1.2). 
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Second, respondents had been granted anonymity; as such, it would be inappropriate to differ 

from this approach (Greer & Chuchinprakarn, 1999). Further, it was not possible to identify 

non-respondents. Third, changing the mode of communication (e.g. from self-administered 

mail survey to telephone interview) can diminish data quality in a follow-up survey (Sydow, 

2006). 

As the survey for this study was carried out using an anonymous, non-reverse identifiable, 

cross-sectional, self-administered mail survey questionnaire as the tool for data collection, the 

most appropriate approach to evaluate nonresponse bias was identified to compare early to late 

respondents. Armstrong and Overton (1977) elaborated on the widely used technique of 

extrapolation, which is by far still the most frequently applied technique to evaluate 

nonresponse bias (Griffis, Goldsby, & Cooper, 2003; Lambert & Harrington, 1990; Mentzer & 

Flint, 1997). Extrapolation can be used as a method to compare early and late respondents. This 

method is based on the assumption that late respondents are most similar to nonrespondents, 

because their replies took the most effort and the longest time (Armstrong & Overton, 1977). 

If no statistically significant differences are found between a portion of the early respondents 

and a portion of the respondents who replied later to the survey, it is assumed that the study 

has not been significantly impacted by nonresponse bias. Connors and Elliot (1994) followed 

the same approach by grouping respondents into early and late respondents. The two groups 

were compared on their responses to key questions using t-tests. It is possible to modify or 

adjust this procedure to compare early, middle and late respondents; early and late respondents 

on nominal items; early and late respondents on scale items; early, middle and late respondents 

on scale items; early and late respondents on demographic items; and early and late respondents 

on scale and demographic items (Lindner et al., 2001).   

For this study, it was appropriate and representative to compare groupings of early and late 

respondents on nominal items of selected items from sections B and C of the questionnaire. 

Further, a chi-square test was carried out for the groupings of early and late respondents, to 

determine whether there was any significant difference on their item response for selected items 

of sections B and C. 

When completed questionnaires were received, the mail return date was noted to categorize 

early and late respondents. The cut-off date for early respondents was 1 December 2015 

(inclusive), which was about two business weeks, or 20 calendar days, or 14 working days after 
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the questionnaire was sent out. A total of 79 respondents fell into this category. The cut-off 

date for late respondents was 16 December 2015 (exclusive), which was about five business 

weeks, 34 calendar days or 24 working days after the questionnaire was sent out. A total of 81 

respondents fell into this category. The difference in the total valid returned questionnaires that 

were returned early and late was 86. The summary results of the statistical evaluation of early 

and late respondents are presented in Table 20. 

Table 20: Mean comparison between early and late respondents 

Group statistics 

Items from Section B and C of the 

questionnaire 

Early / 

Late 

response 

N Mean 
Std. 

Deviation 

Business sector 
Early 79 1.35 0.621 

Late 81 1.31 0.605 

Company size by number of employees 
Early 79 2.1 0.886 

Late 81 2.33 0.975 

Position in the company 
Early 79 2.49 1.024 

Late 81 2.54 1.073 

Years of experience in supply chain risk 

management 

Early 79 2.58 0.982 

Late 81 2.64 0.966 

Gender 
Early 79 1.75 0.438 

Late 81 1.8 0.401 

Age 
Early 79 2.65 0.906 

Late 81 2.78 0.922 

Highest education level 
Early 79 2.8 0.883 

Late 81 2.86 0.833 

The computation revealed comparable results for early and late respondents for business sector, 

position in the company, gender, highest education level, company size by number of 

employees, years of experience in SCRM and age. The results indicate that there was no 

significant difference in responses for the groupings between those who responded early and 

those who responded late, across the selected nominal items of section B and section C of the 

survey. 

To further substantiate that nonresponse bias was likely to be minimal for this study, an 

independent samples t-test was carried out for the early and late respondents to determine 

whether there was any significant difference in their personal and organization profiles. The 

results of the t-test are presented in Table 21. As recommended by the SPSS package, equal 

variance is assumed when the p-value for F>0.05 (i.e. F is not significant) in Levene’s test for 

equality of variances. No significant difference was found for the respondents; the comparisons 
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suggest that the respondents who voluntarily participated in this study were distributed 

comparably. On this basis, it is possible to conclude that response bias was likely minimal 

(Menachemi, Hikmet, Stutzman, & Brooks, 2006). Additional details for further calculations, 

including chi-square tests, conducted for this study supported the statement that response bias 

was likely minimal. The computations are found at Appendix D. 

Table 21: Independent t-test and Levene’s test for equality of variances between early and late respondents 

Independent Samples Test 

  

Levene's Test 
for Equality of 

Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Business 
sector 

EVA 0.358 0.55 0.472 158 0.637 0.046 0.097 -0.146 0.237 

EVNA     0.472 157.588 0.637 0.046 0.097 -0.146 0.237 

Company 
size by 
number of 
employees 

EVA 3.258 0.073 -1.575 158 0.117 -0.232 0.147 -0.523 0.059 

EVNA     -1.577 157.221 0.117 -0.232 0.147 -0.523 0.059 

Position in 
the company 

EVA 0.559 0.456 -0.299 158 0.766 -0.05 0.166 -0.377 0.278 

EVNA     -0.299 157.925 0.765 -0.05 0.166 -0.377 0.278 

Years of 
experience 
in supply 
chain risk 
management 

EVA 0.088 0.768 -0.388 158 0.699 -0.06 0.154 -0.364 0.244 

EVNA     -0.388 157.724 0.699 -0.06 0.154 -0.364 0.245 

Gender 
EVA 2.831 0.094 -0.839 158 0.403 -0.056 0.066 -0.187 0.075 

EVNA     -0.838 156.003 0.403 -0.056 0.066 -0.187 0.075 

Age 
EVA 0.107 0.744 -0.914 158 0.362 -0.132 0.145 -0.418 0.153 

EVNA     -0.915 157.99 0.362 -0.132 0.145 -0.418 0.153 

Highest 
education 
level 

EVA 0.337 0.563 -0.492 158 0.623 -0.067 0.136 -0.335 0.201 

EVNA     -0.492 156.921 0.624 -0.067 0.136 -0.335 0.201 

Note: EVA = Equal variances assumed, EVNA = Equal variances not assumed; All items equal variances 

assumed. 

t-value is significant at the 0.05 level, i.e. p-value of ≤ 0.05 (2 tailed). 

The next section provides details on the descriptive statistics of the respondents. 

8.2. Descriptive Statistics 

Before further examining the results of the statistical analysis for the main study, the descriptive 

statistics for the respondents are presented. Summaries and graphical analyses are presented in 
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this section about the company information and the demographic data of the respondents 

(section B and section C of the survey).  

8.2.1. Company Information (Section B) 

Table 22 shows the distribution of the business sector categories of companies that responded 

to the survey. Data were collected from two main industry sectors where SCRM is of key 

relevance. The highest rate of response (70.3%) was from the manufacturing sector; the 

transportation and storage sector response rate was 26.8%. Only 2.8% reported themselves to 

be under the group “Others”. The collected data addressed the main groups of this study, 

making up a total of 97.2% of the collected data. Graphs are presented at Appendix E. 

Table 22: Distribution of business sector categories 

Statistics for Business Sector 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Manufacturing 173 70.3 70.3 70.3 

Transportation & Storage 66 26.8 26.8 97.2 

Others 7 2.8 2.8 100.0 

Total 246 100.0 100.0  

Table 23 shows the respondents’ distribution in terms of company size by number of employees. 

Data showed that 22.8% of respondents were from companies that had less than 50 employees, 

46.3% from companies with 50 to 150 employees, 19.5% from companies with 151 to 300 

employees, and 11.4% from companies with more than 300 employees. The collated data 

shows that 77.2% of companies had more than 50 employees, and 30.9% of respondents were 

from companies with more than 150 employees. These results are in line with expectations: 

there is a mix of smaller and larger companies, but the majority of companies operate with a 

sizeable number of employees in the range of mid to large enterprises. 

Table 23: Company size by number of employees 

Statistics for Company Size by Number of Employees 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Less than 50 56 22.8 22.8 22.8 

Between 50 and 150 114 46.3 46.3 69.1 

Between 151 and 300 48 19.5 19.5 88.6 



  143 

 

More than 300 28 11.4 11.4 100.0 

Total 246 100.0 100.0  

The next two questions (3 and 4) in section B of the questionnaire asked respondents to select 

at least one but not more than two choices for question 3 and not more than three choices for 

question 4. First, the statistics are presented for question 3, followed by the bar chart tables to 

easily illustrate the results. The statistics reveal that 72 respondents of the 246 respondents 

(29.3%) did not select a second criterion. All 246 respondents selected at least one criterion. 

Table 24: Statistics for top 2 reasons for doing risk management within your organization 

Statistics for top 2 reason doing risk management 

(select at least one but not more than 2 selections) 

 Top 2 main 

reasons for 

doing risk 

management 

within your 

organization 

Top 2 main 

reasons for 

doing risk 

management 

within your 

organization 

N 
Valid 246 174 

Missing 0 72 

Respondents’ main reasons for doing risk management within their organization were 

“Operational requirements such as production, quality, cost cutting” and “Legal, regulatory or 

compliance requirements”, each reflecting 60.6% of selections. This was followed by the 

reasons “Pressure from customer or market” and “Requirements from HQ or shareholders” 

(20.7%). Only 7.3% of respondents selected “Threat of natural or man-made catastrophic 

events”. 

Question 4 in section B of the questionnaire had the option to select at least one but not more 

than three choices. First, the statistics are presented for question 4, followed by the frequency 

table and bar chart for easy illustration of the results. The statistics reveal that 68 respondents 

of the 246 respondents (27.6%) did not select a second criterion. Further, only 55 respondents 

(22.4%) selected a third criterion; in other words, 191 respondents (77.6%) did not select a 

third criterion. All 246 respondents selected at least one criterion. 
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Table 25: Statistics for activities you will undertake or currently working on to improve SCRM resilience 

Statistics for activities your working on to improve SCRM resilience 

of your supply chain for your organization 

(select at least one but not more than 3 selections) 

 Activities you 

will undertake or 

currently 

working on to 

increase the 

resilience of 

your supply 

chain for your 

organization 

Activities you 

will undertake or 

currently 

working on to 

increase the 

resilience of 

your supply 

chain for your 

organization 

Activities you 

will undertake or 

currently 

working on to 

increase the 

resilience of 

your supply 

chain for your 

organization 

N 
Valid 246 178 55 

Missing 0 68 191 

In answer to the question about the activities they will undertake or are currently working on 

to increase the resilience of their organization’s supply chain, the item “Improve collaboration 

with suppliers and partners” was most commonly selected (61.0% of respondents), followed 

by “Improve demand forecasting and strengthen business continuity planning” (46.7%), 

“Conduct regular risk audits of key suppliers” (24.8%), “Increase or reduce number of suppliers” 

(19.5%),  “Increase production capacity or inventory levels” (13.8%), “Introduce supply chain 

event management system” (9.3%), “Centralize or decentralize distribution” (8.5%), “Reduce 

in-bound lead times” (6.1%) and “Implementing formal ‘mapping’ of supply chain” (2.4%). 

Only 1.2% selected “Nothing—supply chain resilience is not a concern”. 
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Table 26: Statistics for activities you will undertake to increase the resilience of your supply chain 

 n % 

Activities you will undertake 

or currently working on to 

increase the resilience of 

your supply chain 

Improve collaboration with 

suppliers and partners 

150 61.0% 

Improve demand forecasting 

and strengthen business 

continuity planning 

115 46.7% 

Conduct regular risk audits 

of key suppliers 

61 24.8% 

Increase or reduce number 

of suppliers 

48 19.5% 

Increase production capacity 

or inventory levels 

34 13.8% 

Introduce supply chain event 

management system 

23 9.3% 

Centralize or decentralize 

distribution 

21 8.5% 

Reduce in-bound lead times 15 6.1% 

Implementing formal 

“mapping” of supply chain 

6 2.4% 

Nothing - supply chain 

resilience is not a concern 

4 1.6% 

Others 1 0.4% 

Pressure from customers or 

market 

1 0.4% 

total 246 100.0% 

Multiple response, top 2 main reasons 

The next section presents the demographic data of the respondents, provided in section C of 

the questionnaire. 

8.2.2. Demographic Data of Respondents (Section C) 

The descriptive statistics relating to the respondents’ position in the company are presented in 

Table 27, which shows that 101 participants (41.1%) were at management level, 64 (26%) were 

at middle management / procurement officer / supply chain officer level, 42 (17.1%) were 

heads of departments, and the remaining 39 (15.9%) held C-level posts. 
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Table 27: Statistics for position in the company 

Statistics for Position in the company 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

C-level 39 15.9 15.9 15.9 

Management level 101 41.1 41.1 56.9 

Department head 42 17.1 17.1 74.0 

Middle management / 

Procurement officer / Supply 

chain officer 

64 26.0 26.0 100.0 

Total 246 100.0 100.0  

The descriptive statistics related to respondents’ years of experience in SCRM are presented in 

Table 28. Of the 246 participants, 79 respondents (32.1%) stated that they had between three- 

and six-years’ experience in SCRM, with the same number indicating they had between seven- 

and 10-years’ experience. More than 10 years’ experience was held by 56 (22.8%) of the 

respondents, while 32 (13%) had less than three years’ experience in SCRM. 

Table 28: Statistics for years of experience in supply chain risk management 

Statistics for Years of experience in supply chain risk mana 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Less than 3 years 32 13.0 13.0 13.0 

Between 3 and 6 years 79 32.1 32.1 45.1 

Between 7 and 10 years 79 32.1 32.1 77.2 

More than 10 years 56 22.8 22.8 100.0 

Total 246 100.0 100.0  

Of the 246 respondents, 54 (22%) were female and 192 (78%) were male. The descriptive 

statistics related to gender are presented in Table 29. 

Table 29: Statistics for gender 

Statistics for Gender 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Female 54 22.0 22.0 22.0 

Male 192 78.0 78.0 100.0 

Total 246 100.0 100.0  
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Turning to the participants’ age, 107 respondents (43.5%) were between 40 and 49 years, 66 

(26.8%) between 30 and 39 years, 45 (18.3%) older than 50, and 28 (11.4%) below 30. The 

descriptive statistics related to age are presented in Table 30. 

Table 30: Statistics for age 

Statistics for Age 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Below 30 years 28 11.4 11.4 11.4 

30 - 39 years 66 26.8 26.8 38.2 

40 - 49 years 107 43.5 43.5 81.7 

50 years and above 45 18.3 18.3 100.0 

Total 246 100.0 100.0  

Participants were also asked to provide details of their educational background. The largest 

portion of respondents (97, 39.4%) were degree holders. This was closely followed by diploma 

holders (80 respondents, 32.5%), holders of a master’s degree or higher (54 respondents, 22%), 

and ‘A’ level and below (15 respondents, 6.1%). The descriptive statistics and graphical 

presentations related to participants’ education levels are presented in Table 31. 

Table 31: Statistics for highest education level 

Statistics for Highest education level 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

'A' level and below 15 6.1 6.1 6.1 

Diploma 80 32.5 32.5 38.6 

Degree 97 39.4 39.4 78.0 

Master's degree and above 54 22.0 22.0 100.0 

Total 246 100.0 100.0  

The next section addresses statistical procedures for the measurement items (section A) of the 

questionnaire. 

8.2.3. Descriptive Statistics of Measurement Items (Section A) 

Descriptive statistical analyses examine the measurement items by means, standard deviations, 

and frequencies/percentages by category. It is mainly used to describe the basic features of the 

data in this study. This analysis forms the basis of the quantitative analysis of the collected data, 

before going into detailed analysis. Hopkins and Weeks (1990) stated that the most important 
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characteristics of frequency distributions relating to measurement items can be summarized 

statistically in relation to:  

• mean: the measure of central tendency 

• variance, or standard deviation, as the measure of variability 

• skewness: departure from symmetry distribution 

• kurtosis: deviations from the normal curve.  

The next chapter details the data analysis for the measurement items. 

8.3. Data Analysis 

The goal of statistical data analysis is to make a statement about how well the observed data 

stands in agreement with given predicted probabilities—for example, the stated hypotheses 

(Cowan, 1998). For this study, several statistical procedures were observed, which are detailed 

in the next sections. 

8.3.1. Assessment of Normality 

To make a statistical inference, several assumptions about the data must be made. It is often 

assumed that the sample mean estimator is approximately normally distributed while testing 

the population mean (Yazici & Yolacan, 2007). Possibilities of data estimation procedures 

include maximum likelihood (ML), ordinary (unweighted) least squares (OLS), generalized 

least squares (GLS), and a variety of weighted least square (WLS) discrepancy functions, 

which are intended to give good estimates without requiring multivariate normality (Browne, 

1984). Both ML and GLS estimation in SEM require the assumption of multivariate normality 

(McDonald & Ho, 2002). The method of ML is a technique for estimating the values of the 

parameters given a finite sample of data (Cowan, 1998). A number of studies (Chou, Bentler, 

& Satorra, 1991; Hu & Bentler, 1995; West, Finch, & Curran, 1995) suggest that ML and GLS 

estimation can give biased standard errors and incorrect test statistics in the presence of 

excessive skewness and/or kurtosis in the data. Byrne (2010) stated that, if variables are non-

normal, using the ML estimate method will be problematic. The multivariate normality 

assumption may be evaluated univariate, by checking the marginal distribution of each variable 

and/or by multivariate skewness and kurtosis coefficients, as suggested by Mardia (1970). As 
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such, the normality of each variable’s distribution was checked by analysing skewness and 

kurtosis to ensure an acceptable level of univariate normality in the data. As a guide, the 

recommended indices for univariate skewness and univariate kurtosis should not exceed +-2 

(Kline, 2010, p. 63). Table 71 in Appendix G presents the AMOS computed skewness and 

kurtosis results. 

Most values for the univariate skewness and kurtosis are relatively small, indicating that the 

data only marginally deviate from normality. 

To further examine, with AMOS, the normality of the data, each observed variable has a 

skewness value, critical ratio for skewness, kurtosis value and critical value for kurtosis. 

Critical values that exceed +-2 indicate some degree of non-normality. AMOS also reports the 

joint multivariate kurtosis value and its associated critical ratio at the bottom of the table in the 

row labelled ‘Multivariate’. The result at the bottom of Table 71 in Appendix G, of Mardia’s 

coefficient of multivariate kurtosis of the critical ratio, was found to be –10.185, indicating that 

the data are only slightly multivariate non-normal. In Mardia’s normalized estimate of 

multivariate kurtosis, which is a test for multivariate normality based on functions of both 

skewness (lack of symmetry) and kurtosis (peakedness), the recommended value should be less 

than +-10 to reflect that the variables are normally distributed (Byrne, 2010, p. 104). Practically, 

a small departure from multivariate normality values are considered negligible, while values 

significantly above +-10 often indicate a departure from data normality; in other words, it 

indicates data non-normality according to the critical ratio criterion. The multivariate z-statistic 

was found to be –2.261, which indicates only a small departure from data normality. Outliers 

are a likely source of skewed data, which can be detected from the univariate and multivariate 

distribution of the variables. In the next section, an assessment of possible outliers is presented. 

8.3.2. Assessment of Outliers 

As stated in section 6.2.2, Bollen (1987) and Dang and Serfling (2010), among others, 

highlighted the importance of checking for outliers. In statistics, an outlier can be defined as a 

“case that does not follow the same model as the rest of the data” (Weisberg, 2005, p. 194). 

Such cases are extreme values compared with the other observations. Outliers are a likely 

source of misrepresenting statistical results; however, the determination of specific values for 

outliers is subjective, as there is no universally applicable defined cut-off value. The treatment 
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of identified outliers can be either to remove them from the dataset to obtain correct results 

from the analysis or to retain them, if they are valid entries, and find an explanation for their 

position to draw the right conclusions. Robust methods must be applied to detect and remove 

outliers, in order to correctly represent the data majority. This relies upon finding proper 

estimates of the outlier’s distance and location from the data center. Many measures of distance 

exist, but probably the best known are the Euclidean and Mahalanobis distances (Daszykowski, 

Kaczmarek, Vander Heyden, & Walczak, 2007). One of the oldest measures of outliers is based 

on the distance introduced by Mahalanobis (1936). The Mahalanobis distance is a measure 

between two data points in the space defined by relevant features (Xiang, Nie, & Zhang, 2008). 

The Mahalanobis distance measure is part of the AMOS statistical package and is used for this 

study to detect and assess the occurrence of outliers, cases which defer markedly from the other 

observations.  

Results from the AMOS Mahalanobis distance outlier detection procedure is shown in Table 

72 at Appendix G. The AMOS tests for normality and outliers revealed the presence of only 

seven outliers (all observations where the p1 value from the Mahalanobis d-squared column 

were below .05, indicated in red). The identified seven outliers were assessed and found to be 

legitimate observations. As stated above, the removal of outliers is to be treated very carefully 

and not just based on statistical values. It is not acceptable to drop an observation just because 

it is an outlier when it is a legitimate observation, as this misrepresents the data—and such 

cases are sometimes the most interesting (Osborne & Overbay, 2004). As the assessment 

revealed that those identified cases were legitimate data entries, they were not removed from 

the dataset. Additionally, the small number of outliers (only 7 of 246 observations), further 

supports the decision to retain those data for further analysis. 

In the next section, details are provided for the resampling procedures applied in this study. 

8.3.3. Bootstrapping 

Resampling methods aim to find the distribution of a statistic by repeatedly drawing a sample 

from the original sample set (Langeheine, Pannekoek, & Van de Pol, 1996). Several resampling 

methods are available, such as: jackknifing, permutation tests (also called exact tests, 

randomization tests or re-randomization tests), cross-validation and bootstrapping. 

Bootstrapping is well suited for model testing, estimating the precision of sample statistics, by 
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drawing randomly from a set of data points (Langeheine et al., 1996). Bollen and Stine (1992) 

stated that bootstrapping can be applied to handle the presence of multivariate non-normal data. 

The bootstrapping technique is used to construct an empirical distribution of model test 

statistics that takes into consideration the non-normality of the data (Finney & DiStefano, 2006). 

One of the requirements for the bootstrapping procedure is that ordinal data that are modestly 

non-normally distributed should have at least five or more categories (Finney & DiStefano, 

2006). For this study, seven Likert-scale categories are used, that meet the previously 

mentioned criteria, to enable the bootstrapping procedure. Preacher and Hayes (2008) 

elaborated that the non-parametric resampling procedure, bootstrapping, is a method advocated 

for testing mediation, which does not impose the assumption of normality of the sampling 

distribution. In line with this, Nevitt and Hancock (2000) stated that the corrective approach of 

bootstrapping has been shown to exert control over type I errors under some combinations of 

non-normality and model specification. A type I error is “the incorrect rejection of a true null 

hypothesis (a ‘false positive’)”, while a type II error is “the failure to reject a false null 

hypothesis (a ‘false negative’)”. In other words, a type I error detects an effect that is not present 

(e.g. “discovering” things that are not so, like a person found guilty and jailed, even though 

they are actually innocent), while a type II error fails to detect an effect that is present 

(“confirming” things that should be rejected, like a pregnancy test that gives a negative result 

even though the woman is actually pregnant). 

Briggs (2006), MacKinnon, Fritz, Williams and Lockwood (2007) and Preacher and Hayes 

(2008), among others, advocated that bootstrapping provides a very powerful and reasonable 

method of obtaining confidence limits for specific indirect effects under most conditions, with 

their primary recommendation to use bias-corrected bootstrapping whenever possible. For this 

study, following guidance from Chin (1998) and Byrne (2010), the AMOS bootstrap procedure 

was used with 2,000 resamples and an ML estimator to provide bias-corrected confidence 

intervals at 95% level, for each of the bootstrap estimates. AMOS automatically discards 

unusable bootstrap samples and continues resampling until the defined target number of usable 

bootstrap samples has been reached (Nevitt & Hancock, 2001). 

The results in Table 32 show that the comparison of standard error between bootstrap and ML 

estimate deviate only slightly. Bias is also relatively low. As such, the ML estimates can be 

interpreted as departing from multivariate normality. The bias-corrected confidence intervals 

were also inspected; as none of the items in the range is between the lower and upper limit, 
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including zero, the assumption that the regression weight is equal to zero in the sample 

population can be rejected (Byrne, 2010). The application to use the bootstrapping procedure 

to compensate for data with non-normal distribution has therefore fulfilled the basic 

assumption of using data that are deemed as multivariate normal for SEM. In the next section, 

details are provided about the multicollinearity of the data, which can pose a problem, and the 

conduct of multiple regression equations.  

Table 32: Bootstrap estimate 

Question  Variable 
Comparison of Standard Error Between ML 

and Bootstrap 
Output for Bootstrapped 

Samples: Confidence Levels 

      Estimate 
ML 
S.E. 

Bootstrap 
S.E. 

Bias Lower Upper P 

Q14 <--- LOU 1  0 0 1 1 ... 

Q10 <--- LOU 0.818 0.096 0.111 0.003 0.619 1.069 0.001 

Q1 <--- LOU 0.980 0.107 0.117 0.004 0.768 1.216 0.001 

Q11 <--- MS 1  0 0 1 1 ... 

Q13 <--- MS 0.974 0.103 0.116 0.003 0.792 1.251 0.001 

Q9 <--- MS 0.835 0.098 0.098 0.006 0.659 1.043 0.001 

Q19 <--- PRCE 1  0 0 1 1 ... 

Q18 <--- PRCE 0.903 0.089 0.094 0.003 0.747 1.116 0.001 

Q16 <--- PRCE 0.861 0.088 0.087 0.004 0.711 1.053 0.001 

Q22 <--- PEOU 1  0 0 1 1 ... 

Q15 <--- PEOU 0.885 0.112 0.113 0.004 0.69 1.135 0.001 

Q5 <--- PEOU 0.969 0.125 0.142 0.015 0.726 1.282 0.001 

Q2 <--- PU 1  0 0 1 1 ... 

Q17 <--- PU 1.123 0.113 0.125 0.009 0.89 1.386 0.001 

Q3 <--- PU 0.916 0.098 0.106 0.005 0.738 1.175 0.001 

Q4 <--- A 1  0 0 1 1 ... 

Q12 <--- A 1.230 0.145 0.153 0.017 0.966 1.562 0.002 

Q8 <--- A 1.346 0.143 0.151 0.013 1.081 1.678 0.001 

Q6 <--- IU 1  0 0 1 1 ... 

Q7 <--- IU 0.903 0.102 0.109 0.005 0.695 1.121 0.001 

Q21 <--- IU 0.922 0.114 0.149 0.002 0.673 1.256 0.001 

Q24 <--- AU 1  0 0 1 1 ... 

Q23 <--- AU 0.852 0.093 0.101 0.004 0.679 1.078 0.001 

Q20 <--- AU 0.764 0.086 0.083 0.002 0.617 0.953 0.001 

Note: P-value of items Q14, Q11, Q19, Q22, Q2, Q4, Q6 and Q24 are replaced with “…” as these  

parameters were constrained to a nonzero value for purposes of model identification in AMOS 

8.3.4. Collinearity 

Farrar and Glauber (1967) highlighted that the purpose of regression analysis is to estimate the 

parameters of a dependent, not an interdependent, relationship. The test on collinearity (or 
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multicollinearity) is required because, when one independent variable is a linear function of 

another independent variable, the variable will suffer from data redundancy, resulting in over-

fitting in regression analysis that reduces its reliability. Multicollinearity exists whenever an 

independent variable is highly correlated with one or more of the other independent variables 

in a multiple regression equation (Belsley, Kuh, & Welsch, 2005). In other words, 

multicollinearity arises from the situation where two or more variables are so highly correlated 

that they both essentially represent the same underlying construct (Byrne, 2010). 

Multicollinearity is a problem because it undermines the statistical significance of an 

independent variable and can inflate the variance among the variables in the model (Robinson 

& Schumacker, 2009). These inflated variances pose a problem in regression analysis because 

some variables add very little or even no new and independent information to the model 

(Belsley, Kuh, & Welsch, 1980). Schroeder, Sjoquist, and Stephan (1986) emphasized that 

there is no statistical test that can determine whether or not multicollinearity is a problem, but 

there are ways for detecting multicollinearity (Berry & Feldman, 1985). The variance inflation 

factor (VIF) is a measure to detect the degree of multicollinearity when variables are uncentered 

(Freund, Littell, & Creighton, 2003).  

Various guidelines exist for acceptable VIF values, where generally lower values are better. 

Diamantopoulos and Siguaw (2006) suggested a value of 3.33, whereas Hair et al. (1998), 

Kleinbaum, Kupper, Nizam and Rosenberg (2013), Kline (2010) and Mathieson, Peacock and 

Chin (2001) stated that values greater than 10 indicate there might be a collinearity problem 

where the variable in question may be redundant. If there is redundancy, it might be appropriate 

to remove the overlapping indicator (Diamantopoulos & Winklhofer, 2001). Even though the 

removal of an indicator might be appropriate, one must ensure that the intended content 

coverage and effect of the construct definition are not distorted (Cenfetelli & Bassellier, 2009). 

Clear conceptual overlap and a high degree of correlation (i.e. 0.90) between that indicator and 

other indicator(s) should exist, whereas moderate inter-correlations with lower values (i.e. 0.80) 

might still provide at least some degree of additional predictive power (Cenfetelli & Bassellier, 

2009).  

The collinearity of indicators is tested for indicators using the formal detection called tolerance 

and the VIF, as suggested by the SPSS manual. 
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Where: Tolerance=1–R2, VIF=1/tolerance 

A tolerance of less than 0.1 or a VIF greater than 10 indicates most certainly a collinearity 

problem. This study adopts the recommendation by (Kleinbaum et al., 2014; Kline, 2010; 

Mathieson et al., 2001) that VIF values are <5. As for the tolerance values, it follows the 

recommended values of less than 0.1. Items less than this tolerance value should be investigated 

further. Table 33 and Table 34, presented below, depict the collinearity statistics for two 

dependent variables which were selected—namely, intention to use (IU) and actual use (AU). 

Table 33: Collinearity statistics for dependent variable intention to use (IU) 

Coefficientsa 

  

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

Model 1 

(Constant) 2.458 0.314   7.823 0.000     

MS 0.163 0.073 0.160 2.226 0.027 0.674 1.483 

LOU 0.288 0.074 0.280 3.895 0.000 0.674 1.483 

a. Dependent Variable: IU 

Table 34: Collinearity statistics for dependent variable actual use (AU) 

Coefficientsa 

  

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

Model 1 

(Constant) 0.313 0.180   1.743 0.083     

MS 0.581 0.042 0.671 13.867 0.000 0.674 1.483 

LOU 0.153 0.042 0.176 3.628 0.000 0.674 1.483 

a. Dependent Variable: AU 

The collinearity statistics for both selected dependent variables (IU and AU) indicate that the 

VIF of the independent variables management support (MS) and level of understanding (LOU) 

are well below the recommended value of <5. They are in fact <3, and none of the collinearity 

statistics tolerance values is less than 0.1. This confirms that the data do not have any 

substantial collinearity problem. 

The evaluation and analysis of the data presented in sections 8.3.1 to 8.3.4 above consisted of 

the assessment of the normality of the data, the assessment of outliers, the applied 

bootstrapping procedure to cater for data non-normality, and the assessment of the collinearity 

of the data. These tests fulfilled the fundamental assumptions needed to conduct the next step 

for the SEM procedure. As such, the parameter estimates to be carried out in SEM are 

asymptotic unbiased (i.e. they neither overestimate nor underestimate the true population 
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parameters) (Finney & DiStefano, 2006). The construct validity of the measurement model is 

the next step for the SEM procedure, as presented in the next section. 

8.3.5. Construct Validity 

Validity in social science is an important aspect. Having already addressed and described in 

earlier chapters the areas of content and criterion validities of this study, an additional task is 

to confirm the construct validity. Cronbach and Meehl (1955) stated that construct validity is 

“the degree to which a test measures what it claims, or purports, to be measuring”. Messick 

(1987) put it in other words:  

… validity is an overall evaluative judgment of the degree to which empirical evidence 

and theoretical rationales support the adequacy and appropriateness of interpretations 

and actions based on test scores or other modes of assessment. (p. 13) 

Typical statistical procedures to establish construct validity entail presenting correlations 

coefficients between a measure of a construct and a number of other measures that should, 

theoretically, be associated with it (convergent validity) or vary independently of it 

(discriminant validity) (Westen & Rosenthal, 2003). 

The assessment of convergent and discriminant validity, as well as reliability, is necessary 

when doing a confirmatory factor analysis (CFA). If the factors do not demonstrate adequate 

validity and reliability, proceeding to test a causal model will be useless, as basic procedures 

have not been established. A few measures are useful for establishing validity and reliability: 

composite reliability, average variance extracted (AVE), maximum shared variance (MSV) and 

average shared variance. 

The thresholds for those values suggested by Hair, Anderson, Babin, and Black (2010) and Hu 

and Bentler (1999), adopted for use in this study, are presented below: 
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Reliability: CR>0.7 

 

Figure 21: Formula for CR calculation 

Source: Adapted from Gaskin (2012) 

Convergent validity: AVE>0.5 

 

Figure 22: Formula for AVE calculation 

Source: Adapted from Gaskin (2012) 

Discriminant validity: MSV<AVE 

Square root of AVE greater than inter-construct correlations 

AVE is a strict measure of convergent validity. Malhotra (2010) noted:  

… AVE is a more conservative measure than CR. On the basis of CR alone, the 

researcher may conclude that the convergent validity of the construct is adequate, even 

though more than 50% of the variance is due to error. (p. 702). 

Several techniques exist for the respective statistical procedures. Fornell and Larcker (1981) 

suggested three statistical procedures to measure the convergent and discriminant construct 

validity: measure the reliability of each item, measure the reliability of each construct and 

measure the AVE.  
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If the model has convergent validity issues, then the variables do not correlate well with each 

other within their parent factor (i.e. the latent factor is not well explained by its observed 

variables). If the model has discriminant validity issues, then the variables correlate more 

highly with variables outside their parent factor than with the variables within their parent 

factor (i.e. the latent factor is better explained by some other variables, from a different factor, 

than by its own observed variables). In other words, convergent validity refers to the degree to 

which two measures of constructs that theoretically should be related are in fact related 

(Campbell & Fiske, 1959). The general approach for this concept is, the greater the degree of 

convergent and discriminant validity, the greater the evidence of construct validity (Cuzzocrea 

& Sawilowsky, 2009).  

Campbell and Fiske (1959) highlighted that, for the validation of test interpretation, or for the 

establishment of construct validity, discriminant validation as well as convergent validation are 

required. Under the multitrait–multimethod (MTMM) matrix developed by them, the values 

found in the validity diagonal “should be significantly different from zero and sufficiently large 

to encourage further examination of validity” (Campbell & Fiske, 1959, p. 82).  

Discriminant validity is the extent to which one latent variable discriminates from other latent 

variables (Farrell, 2010). The establishment of discriminant validity is fundamental to 

conducting latent variable analysis (Bollen, 2014; Fornell & Larcker, 1981). Without 

discriminant validity, the confirmation of the hypothesized structural paths or statistical 

discrepancies cannot be ensured (Farrell, 2010). Fornell and Larcker (1981, p. 46) require 

measurement error terms from the CFA correlation matrix output, as this is a better way of 

assessing the discriminant validity to avoid misleading results, instead of using measures 

without measurement error (i.e. from SPSS).  

AVE is the average amount of variance that a latent construct is able to explain in the observed 

variables to which it is theoretically related (Farrell, 2010). Hair et al. (2006, p. 778) stated that 

“the variance extracted estimates should be greater than the squared correlation estimate”. 

Fornell and Larcker (1981, pp. 45–46) stated that “for any two constructs, (A and B), the AVE 

for A and the AVE for B both need to be larger than the shared variance (i.e. square of the 

correlation) between A and B.” The AVE is a measurement of the overall amount of variance 

that is attributed to the construct in relation to the amount of variance attributable to 

measurement error (Fornell & Larcker, 1981). 
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Utilizing SEM-AMOS, the item reliability of each measure was assessed during CFA 

procedure by co-varying all eight latent constructs in the measurement model to obtain the 

factor loading of each item onto the respective construct. At the construct level, composite 

reliability was used instead of the Cronbach’s alpha, because the latter tends to understate 

reliability (Teo et al., 2009, p. 97). Tabachnick et al. (2001) recommended a minimum factor 

loading of 0.50 to be acceptable. Hair et al. (2006) recommended a composite reliability value 

of 0.70 and higher to be acceptable. Segars (1997) stated that convergent validity is adequate 

when the AVE equals or exceeds 0.50.  

As stated earlier, discriminant validity is assessed by comparing the average variance shared 

between a construct and its measured items, greater than the variance shared between the 

construct and other constructs (Fornell & Larcker, 1981; Tao, 2009). Each construct AVE 

should be larger than its correlation with other constructs, and each item should load more 

highly on its assigned construct than on the other constructs (Gefen, Straub, & Boudreau, 2000). 

The model validity measures are presented in Table 35Error! Reference source not found. 

below.  

Table 35: Validity measures for the measurement model (construct level) 

Model Validity Measures 

  CR AVE MSV LOU MS PRCE PEOU PU A IU AU 

LOU 0.753 0.505 0.420 0.710               

MS 0.754 0.507 0.426 0.438*** 0.712       

PRCE 0.791 0.557 0.416 -0.645*** -0.396*** 0.747      

PEO
U 

0.751 0.501 0.051 0.174* 0.078 -0.227** 0.708     

PU 0.775 0.535 0.488 0.648*** 0.498*** -0.573*** 0.123 0.731    

A 0.759 0.513 0.488 0.468*** 0.472*** -0.437*** 0.044 
0.699
*** 

0.716   

IU 0.751 0.502 0.310 0.338*** 0.321*** -0.319*** 0.163† 
0.500
*** 

0.557
*** 

0.708  

AU 0.753 0.505 0.426 0.465*** 0.653*** -0.462*** 0.161† 
0.455
*** 

0.281
** 

0.443
*** 

0.711 

Note: Significance of Correlations: † p<0.100; * p<0.050; ** p<0.010; *** p<0.001 

References: Hu and Bentler (1999) 

Source: Computation from Gaskin (2016) 

The results reveal that all diagonal values in bold are larger than their off-diagonal elements, 

which indicates that each construct shares more variance with its items than it does with other 

constructs. The table further revealed that convergent and discriminant validity met the criteria, 

as evidenced by:  
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• reliability: CR>0.7 

• convergent validity: AVE>0.5 

• discriminant validity: MSV<AVE 

• square root of AVE greater than inter-construct correlations.  

The measurement model does not yet contain hypothesis for the relation of latent factors, 

however what can be observed is that all not significant correlations are related to perceived 

ease of use (PEOU).   

• PEOU <-> MS: 0,078 very weak correlation, not significant, H2a 

• PEOU <-> PU: 0,123 weak correlation, not significant, H4 

• PEOU <-> A: 0,044 very weak correlation, not significant, H5a 

PEOU on the basis of the measurement model has only significant, but weak correlations with 

intention to use (IU) and actual use (AU). This will be further reviewed in subsequent sections 

when establishing the final measurement model and final structural model. Having achieved 

the required validity measures, the constructs in the proposed research model are deemed to be 

adequate. In the next section, the SEM undertaken for the study is presented. 

8.4. Structural Equation Modelling (SEM) 

A general overview of the basic SEM (also known as analysis of covariance structures or the 

causal modelling principle) is provided in this section, prior to presenting the applied 

procedures for the SEM analysis for this study. SEM, or path analysis with latent variables, is 

one of the most common methods used in behavioural and social sciences research (Hair, 

Ringle, & Sarstedt, 2011). One reason for this is that SEM confirmatory methods provide 

researchers with a comprehensive means of assessing and modifying theoretical models 

(Arbuckle, 2013; Bentler, 1983, 1995; Bollen, 2014; Browne, 1984; Jöreskog, 1993) to further 

theory development (Anderson & Gerbing, 1988). There are multiple possibilities for model 

assessment. The most commonly used techniques are the one-step and two-step modelling 

approaches, although more complex or comprehensive methods do exist. The one-step 

approach applies the simultaneous estimation of the measurement and structural components 

of a SEM model in a single analysis (Gallagher et al., 2008). This procedure requires the 

specification of a complete model of both measurement aspects (single link between the latent 
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variable and its indicators) and structural aspects (links between different latent variables) and 

estimates the parameters simultaneously (Simonetto, 2011). However, using the one-step 

analysis approach gives rise to issues of interpretational confounding (Burt, 1976) and 

misspecification (Bollen, Kirby, Curran, Paxton, & Chen, 2007). 

The two-step approach, on the other hand, refers to a process in which, first, an estimate is 

made of the measurement model (i.e. the links between the latent, or unobserved, variables and 

their observed variables, or indicators) and, second, as estimate is made of the structural model 

(the links among the latent variables) (Hair et al., 1998). In other words, the two-step procedure 

estimates the measures and their dependence in two different phases. The first step separately 

estimates the measures (one for each construct); the second step assesses, through a regression 

model, the relationships between these measures (and between the latent variables that they 

represent). Once it is known that the measurement model is operating adequately, one can then 

have more confidence in the findings related to the assessment of the hypothesized structural 

model (Byrne, 2010). This study adopts the two-step model-building process, as it offers some 

comparative strengths over other methods, highlighted by (Anderson & Gerbing, 1988). The 

two-step approach has the provide following advantages: 

• detects interpretational confounding in the presence of misspecification 

• assesses fundamental misclassifications of the measurement model 

• allows tests of the significance for all pattern coefficients 

• assessment of whether any structural model would give acceptable fit 

• asymptotically independent test of the substantive or theoretical model of interest. 

The two-step approach is a useful framework for formal comparisons of the substantive model 

of interest with the next most likely theoretical alternatives (Anderson & Gerbing, 1988). 

A general description of the graphical forms used for this study, by the applied SEM-AMOS 

Graphics output for the graphical illustration of models, should guide the reader to interpret the 

models with ease. Observed variables are depicted in rectangular boxes, and latent constructs 

or unobserved variables are depicted in circular or elliptical shapes. A single-headed arrow (→) 

is used to indicate a hypothesized causal directional path and represents a regression weight. 

The variables to which arrows are pointing are termed endogenous variables (or dependent 

variables), and the variables that have no arrows pointing to them are called exogenous 
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variables (or independent variables). Unexplained covariances among variables are indicated 

by double-headed curved arrows ( ) (Arbuckle, 2013; Swanson & Holton, 2005). In the 

next section, the assessment of the measurement model is presented. 

8.4.1. Assessment of Measurement Model 

Having addressed the issue concerning the fundamental assumptions needed for SEM 

(presented in section 8.3), the next stage of progression is to assess how well the conceptual 

model reflects the data. The measurement model is established to evaluate how well observed 

(measured) variables combine to identify underlying hypothesized constructs. On the basis of 

the two-stage SEM approach used for this study, the measurement model was first assessed to 

determine how well the observed indicator variables (items on the measuring instruments) 

represent their corresponding latent constructs (unobserved variables). Anderson and Gerbing 

(1982) pointed out:  

… the reason for drawing a distinction between the measurement model and the 

structural model is that proper specification of the measurement model is necessary 

before meaning can be assigned to the analysis of the structural model. (p. 453) 

Further, Bagozzi (1981) argued:  

… convergence in measurement should be considered a criterion to apply before 

performing the causal analysis because it represents a condition that must be satisfied 

as a matter of logical necessity. (p. 376) 

If the results do not produce a good fit, the next step is to revise the measurement model in the 

CFA by dropping items, one at a time, if the item shared a high degree of residual variance 

with other items (Sørebø & Eikebrokk, 2008). The steps are carried out in accordance with the 

standard covariance-based SEM methodology (Gefen et al., 2000). The next section details the 

steps used for the assessment of model fit. 

8.4.2. Assessment of Model Fit 

To assess the model fit, goodness of fit tests were applied to the measurement model. Goodness 

of fit is the measure of how compatible a given null hypothesis is with the observed data, 
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without specific reference to any alternative hypothesis (Cowan, 1998). In other words, the 

model fit determines the degree to which the sample variance–covariance data fit the SEM 

model (Schumacker & Lomax, 2004).  

Model fit criteria commonly used are chi-square (χ²), goodness of fit index (GFI), adjusted 

goodness of fit index (AGFI), root mean square residual index (RMR), standardized RMR 

(SRMR), comparative fit index (CFI), root mean square error of approximation (RMSEA) and 

Tucker-Lewis index (TLI) (Jöreskog & Sörbom, 1993). For this study, the model fit was 

computed using: χ², χ²/df, CFI, TLI, SRMR and RMSEA. The recommended level for χ²/df, is: 

≤ 3.00. Typically, most GFIs are deemed acceptable when greater than 0.90 (McDonald & Ho, 

2002; Schreiber et al., 2006). More recently, values equal to or greater than 0.95 have been 

generally accepted as indications of good fit (Lei & Wu, 2007; Byrne, 2010). As for RMSEA 

and SRMR, which reflect the badness of fit (Gallagher et al., 2008), values between 0.05 and 

0.08 for the former and between 0 and 1 for the latter are generally considered as indications 

of acceptable levels for model fit. The indicators and their acceptable fit values are presented 

in Table 36 below. 
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Table 36: Fit indices and their acceptable thresholds 

Fit Index Acceptable Threshold Levels Description 

Absolute Fit Indices     

Chi-square χ2 
Low χ2 relative to degrees of freedom 
with an insignificant p-value (p>0.05) 

  

      

Relative χ2 (χ2/df) 2:1 (Tabachnick & Fidell, 2007) Adjusts for sample size. 

  3:1 (Kline, 2005)   

      

Root Mean Square Error of 
Approximation (RMSEA) 

Values less than 0.07 (Steiger, 2007) 

Has a known distribution. 
Favors parsimony. Values 
less than 0.03 represent 
excellent fit. 

   

GFI Values greater than 0.95 

Scaled between 0 and 1, with 
higher values indicating better 
model fit. This statistic should 
be used with caution.  

     

AGFI Values greater than 0.95 

Adjusts the GFI based on the 
number of parameters in the 
model. Values can fall outside 
the 0-1.0 range. 

     

RMR 
Good models have small RMR 
(Tabachnick & Fidell, 2007) 

Residual based. The average 
squared differences between 
the residuals of the sample 
covariances and the residuals 
of the estimated covariances. 
Unstandardized. 

     

SRMR 
SRMR less than 0.08  
(Hu & Bentler, 1999) 

Standardized version of the 
RMR. Easier to interpret due 
to its standardized nature. 

     

Incremental Fit Indices     

NFI Values greater than 0.95 

Assesses fit relative to a 
baseline model which 
assumes no covariances 
between the observed 
variables. Has a tendency to 
overestimate fit in small 
samples. 

      

NNFI (TLI) Values greater than 0.95 

Non-normed, values can fall 
outside the 0-1 range. Favors 
parsimony. Performs well in 
simulation studies  
(McDonald & Marsh, 1990; 
Sharma, Mukherjee, Kumar, 
& Dillon, 2005). 

      

CFI Values greater than 0.95 Normed, 0-1 range. 

Source: Reproduced from Hooper et al., 2008 

As stated above, other scholars define acceptable and satisfactory model fit criteria (e.g. 

RMSEA, CFI and TLI) at slightly lower levels. A brief summary is presented below: 
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• RMSEA<0.05 good fit: (a), (d) 

• RMSEA<0.08 acceptable fit: (d) 

• CFI>0.9 means satisfactory fit: (a), (d) 

• TLI>0.9 means satisfactory fit: (b), (d) 

Source: (a) Joeseph F Hair et al. (2011), (b) Forza and Filippini (1998), Awang 

(2012). 

The hypothesized measurement model was specified in accordance with the observed indicator 

variables (measurement items) and factors obtained from the EFA (presented in Chapter 7). 

The results of the hypothesized measurement model are presented in Figure 23, which displays 

the correlation, factor loading and squared multiple correlation values. The hypothesized 

measurement model has a chi-square value of 323.215 with a p-value of 0.000 and degrees of 

freedom of 224. The multiple goodness of fit measures were: χ²/df=323.215 / 224=1.443, 

TLI=0.938, CFI=0.950, RMSEA=0.043 and SRMR=0.0467. This result did not represent a 

good model fit. The basic measurement model did not reach sufficient quality with the defined 

Hypothesis as the value for TLI (TLI = 0,938) were below the stipulated acceptable range. A 

critical review of the model was conducted. The analysis of the modification indices of the 

regression weights revealed that question 21 had not only a correlation with the factor IU, as 

specified in the measurement model, but also showed correlations with the factor AU 

(questions Q20, Q23, Q24 presented in Table 37). Since question 21 was not having distinct 

factor correlations it was removed from the basic measurement model instead of establishing a 

new hypothesis Q21 <-- AU. The detailed procedure for the re-specification of the 

measurement model undertaken is described in the next section 8.4.3, which yielded acceptable 

values for all model fit indices. 

Table 37: Correlations of Q21 with factors of actual use (AU) 

      M.I. Par Change 

Q21 <--- AU 12,891 0,221 

Q21 <--- Q24 12,059 0,142 

Q21 <--- Q20 10,549 0,158 

Q21 <--- Q23 8,909 0,137 
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ML chi-square=323.215, df=224, p=0.000  

χ²/df=1.443, TLI=0.938, CFI=0.950, RMSEA=0.043 and SRMR=0.0467 

 

Coding of the hypnotized measurement model: level of understanding (LOU) of SCRM, 

management support (MS) for SCRM, perceived risk of catastrophic events (PRCE), perceived 

usefulness (PU) of SCRM, perceived ease of use (PEOU) of SCRM, attitude (A) towards using 

SCRM, intention to use (IU) SCRM, actual use (AU) of SCRM. 

Figure 23: Hypothesized measurement model 
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As the majority of data in behavioural research do not follow univariate normal distributions, 

let alone a multivariate normal distribution, many statistics are prone to either relative or 

absolute non-robustness in the presence of certain non-normal distributions (Micceri, 1989). 

Taking this view into consideration with an aim to produce robust statistics, the first step was 

to assess the data, which for this study were found to be moderately non-normal, as explained 

in earlier sections. Dealing with non-normal data has been well studied (Finney & DiStefano, 

2006). Different strategies exist to deal with non-normal data: asymptotically distribution-free 

estimation (ADF); Satorra-Bentler scaled test statistic and robust standard errors; and the 

standard and Bollen-Stine bootstrap procedure (Rosseel, 2012).  

The ADF estimator makes no assumption of normality (Browne, 1984); however, empirical 

research has shown that it only works well with huge sample sizes (N>5,000) (Olsson, Foss, 

Troye, & Howell, 2000). As such, it is not suitable for this study. For correcting the model test 

statistic, the Satorra-Bentler scaled test statistic (Bentler, 1994; Satorra & Bentler, 1988) can 

be used instead. This method rescales the value of the ML-based χ² test statistic by an amount 

that reflects the degree of kurtosis (Rosseel, 2012). Several simulation studies have shown that 

this correction is effective with non-normal data even in small to moderate sample sizes (Chou 

et al., 1991; Satorra & Bentler, 2011); however, if two models are nested but the model test 

statistics are scaled, the usual χ² difference test can no longer be used and the special procedure 

of the scaled χ² is needed (Satorra & Bentler, 2001). Based on findings from Curran, West, and 

Finch (1996), the ML-based χ² will likely be inflated and lead to a type I error rate for model 

rejection under specific circumstances of non-normality and should therefore not be used as 

the sole basis to assess the overall model fit. Alternatively, Bollen-Stine bootstrapping can be 

used to deal with non-normal data for ML estimation with small to medium samples (Efron & 

Tibshirani, 1994; Shipley, 2002). As reported in section 8.3.3, the bootstrapping procedure was 

used for this study to correct for the non-normality of the data. The model-based bootstrap 

procedure is known as the Bollen-Stine bootstrap (Bollen & Long, 1993; Bollen & Stine, 1992). 

The Bollen-Stine bootstrap standard errors are based on these model-based bootstrap draws, 

and the standard p-value of the χ² test statistic is supplemented with a bootstrap probability 

value, obtained by computing the proportion of test statistics from the bootstrap samples that 

exceed the value of the test statistic from the original (parent) sample (Rosseel, 2012). As such, 

the Bollen-Stine p-value is used for this study rather than the usual ML p-value to assess overall 

model fit, as the former can provide the corrected p-value for chi-square statistics to assess 

overall model fit. 
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With AMOS, the 2,000 bootstrap samples were generated where the Bollen-Stine bootstrap p-

value of overall model fit is p=0.006. The mean chi-square value obtained for the 2,000 

bootstrap samples was 230.827. The bias-corrected confidence interval using a conventional 

significance level of 0.05, a significant chi-square (i.e. when p<0.05), suggests that the model 

does not fit the sample data (Weston & Gore, 2006). Under this circumstance, the Bollen-Stine 

bootstrap p-value is less than 0.05 (p=0.006); hence, the measurement model is rejected. In 

other words, the hypothesized measurement model did not adequately represent the data, given 

data non-normality. 

To resolve the issue of an improper overall model fit, re-specification of indicators was carried 

out. Anderson and Gerbing (1988) recommended four basic approaches:  

(1) relating the indicator to a different factor 

(2) removing the indicator from the model 

(3) relating the indicator to multiple factors  

(4) using correlated measurement errors.  

Among these approaches, the first two were preferred, as they preserve the potential for 

unidimensional measurement (Anderson & Gerbing, 1988). In the next section, the steps for 

model re-specification are discussed. 

8.4.3. Re-specifying the Measurement Model 

Model re-specification is applied when, from a proposed model, the model fit is intended to be 

improved. Model re-specification is common in the social sciences because a priori models 

rarely fit well at first (Shook, Ketchen, Hult, & Kacmar, 2004). The re-specification analysis 

proceeded with an exploratory approach to determine which parameter(s) within the 

hypothesized measurement model were misspecified. This step involved the use of AMOS to 

identify alternative measurement models by removing indicators from the model. Anderson 

and Gebring (1988) argue that re-specifications should be based on theory and content 

considerations in order to avoid exploiting sampling error to achieve satisfactory model 

goodness of fit indices. On this basis, multiple criteria—such as content, theoretical, conceptual, 

practical and statistical considerations—were taken into consideration during the re-

specification and assessment of model adequacy (Byrne, 2010). Following the specification 
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search procedure, a revised measurement model was established, as presented in Figure 24, 

with acceptable results. 
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ML chi-square=277.223, df=202 p=0.000 

χ²/df=1.372, TLI=0.949, CFI=0.960, RMSEA=0.039 and SRMR=0.0431 

Bollen-Stine bootstrap p=0.014, Bootstrap chi-square=208.391 

 

Coding of the adjusted measurement model: level of understanding (LOU) of SCRM, 

management support (MS) for SCRM, perceived risk of catastrophic events (PRCE), perceived 
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usefulness (PU) of SCRM, perceived ease of use (PEOU) of SCRM, attitude (A) towards using 

SCRM, intention to use (IU) SCRM, actual use (AU) of SCRM. 

Figure 24: Adjusted measurement model 

The adjusted measurement model has an ML chi-square of 277.233 with p-value of 0.000 and 

degrees of freedom of 202. The mean chi-square value obtained for the 2,000 bootstrap samples 

is 208.391. Having the same degrees of freedom, the mean chi-square from the bootstrap is 

lower than the chi-square expected under joint multivariate normality using the ML estimate. 

The mean chi-square from the bootstrap samples was used as the critical chi-square value, 

against which the obtained ML chi-square was compared. The Bollen-Stine chi-square p-value 

associated with that hypothesis test is 0.014 and not statistically significant. A non-significant 

bootstrap mean chi-square value (p>0.05) is therefore indicative of a model that fits the data 

well (Weston & Gore, 2006). The measurement on goodness of fit revealed results (TLI=0.949, 

CFI=0.960, RMSEA=0.039 and SRMR=0.0431) that further supported a good model fit. 

Resulting from the model re-specification process, the indicators for all variables of the 

adjusted measurement model were maintained, with three measurement items per construct 

except for the construct intention to use (IU), where question 21 (Q21) was eliminated. Q21 

was eliminated from the model because of the bad fit of the covariances. The results of an EFA 

revealed that Q21 was loading on two factors: intention to use (IU) and actual use (AU). 

Therefore, Q21 could not be clearly allocated to one factor or one latent variable. This left the 

construct intention to use (IU) remaining with two measurement items after the removal of Q21.  

Having two measurement items for a construct could be problematic (Anderson & Gerbing, 

1988). This study has, for seven of eight constructs, three measurement items; therefore, this 

should not give rise to any issues. Further, Anderson and Gerbing (1988) added that each 

estimated construct of the multiple-indicator measurement models should be defined by at least 

two measures (indicators), and each measure (indicator) is intended as an estimate of only one 

construct (latent variable). Typically, studies using SEM involved two to six indicators for each 

latent variable (Gerbing & Anderson, 1992). A study by Ding, Velicer, and Harlow (1995) 

revealed the same: they indicated that most studies using SEM have two to five indicators per 

latent variable. This is supported by Bollen and Davis (2009), who recommended that each 

latent variable must have at least two observed indicators. Amorim et al. (2010) reported in 

their studies that at least two exclusive indicators should exist for each latent variable. Kline 
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(2010, p. 359); (Kline, 2015) stated that two indicators per latent variable is the technical 

minimum. As this study has established a measurement model which fits and observes the 

criteria stated above with three measurement items for seven latent variables and two 

measurement items for one construct (IU) the technical minimum was met for the measurement 

items per construct. The next step for the statistical analysis is to evaluate and interpret the 

structural model, explained in the next section.  

8.4.4. Assessment of Structural Model 

A model is defined as a statistical statement, expressed with equations or a diagram, about the 

hypothesized relationships among variables, based on theory and research (Hoyle, 1995). The 

structural model displays the interrelations among latent constructs and observable variables to 

the proposed model, which is the causal and correlational links between theoretical variables. 

Equations in the structural portion of the model specify the hypothesized relationships among 

latent variables, whereas for the measurement model it is the mapping of measures onto 

theoretical constructs. Having established a measurement model (section 8.4.3) that is 

consistent with the data with acceptable fit and observation of required statistical and 

theoretical considerations, the next step was to evaluate the structural model.  

Before defining the structural model with the given hypotheses, it should be explained that the 

scale for the indicators of perceived risk of catastrophic event (PRCE) was inverted. In contrast 

with all the other latent variables, the content of perceived risk of catastrophic event (PRCE) is 

negative: “The degree to which an individual is anxious of risks from catastrophic events.” 

That means the factor correlations for the construct are all negative. With the inversion of the 

scale, the factor correlations change to positive; as such, it is easier to detect implausible 

regression weights. The inversion of the data for perceived risk of catastrophic event (PRCE) 

did not influence or affect the results of the statistical calculation but supported the data 

evaluation. 

The next sequence in SEM using AMOS is to test the full structural model by estimating the 

expected directional associations among latent variables, indicated with unidirectional arrows 

(Weston & Gore, 2006). The assessment of the structural model involves significance testing 

for the estimated coefficients (paths) that provided the basis for accepting or rejecting the 

proposed relationships between the latent constructs. 
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Using the SEM-AMOS model development approach, the structural model was constructed by 

resolving the double arrows in the adjusted measurement model (presented in section 8.4.3), 

by replacing them with straight line arrows that represent the causal relationships between the 

latent variables as defined in the conceptual model (section 4.5). In other words, the process of 

model-building starts with the initial structural model. The main purpose for doing so is to 

prove the given hypotheses. If the model fit is not sufficient, the following steps are taken to 

improve the model fit:  

(1) elimination of implausible regression weights, i.e. regression weights with a negative 

sign. This is only done if no theory could be found to explain theses negative 

correlations.  

(2) elimination of paths with plausible regression weights but with high p-values, meaning 

p-value>0.5.  

(3) checking new hypotheses. Creating new hypotheses is a more explorative approach and 

not driven by a given theory. New hypotheses are only considered if the standardized 

regression weight is greater than 0.2, which means the correlation is not weak and the 

p-value is less than 0.01. If a new hypothesis is found, it should be discussed as critical 

and may be proven by additional studies. 

The result of the analysis of the initial structural model A is presented in Figure 25. The 

structural model A has an ML chi-square=361.589 with p-value of 0.000 and degrees of 

freedom of 215. The goodness of fit measures were: χ²/df=1.682, TLI=0.907, CFI=0.921, 

RMSEA=0.053 and SRMR=0.0863. On the basis of the 2,000 bootstrap samples from AMOS, 

the Bollen-Stine bootstrap p-value of overall model fit is p=0.001. The mean chi-square value 

obtained for the 2,000 bootstrap samples was 222.400. In this instance, the Bollen-Stine 

bootstrap p-value is less than 0.05 (p=0.001). Hence, structural model A is rejected. 
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ML chi-square=361.589, df=215, p=0.000 

χ²/df=1.682, TLI=0.907, CFI=0.921, RMSEA=0.053 and SRMR=0.0863 

Bollen-Stine bootstrap p=0.001, Bootstrap chi-square=222.400 

 

Coding of the structural model A: level of understanding (LOU) of SCRM, management 

support (MS) for SCRM, perceived risk of catastrophic events (PRCE), perceived usefulness 

(PU) of SCRM, perceived ease of use (PEOU) of SCRM, attitude (A) towards using SCRM, 

intention to use (IU) SCRM, actual use (AU) of SCRM. 

Figure 25: Structural model A 

The computation summary overview for structural model A is listed in Table 38 below. 



  174 

 

Table 38: Summary of computed values for structural model A 

Hypothesis       

Result Hypothesis Dependent Independent 

Estimate 
Standardized 

Regression 
Weights 

P- value 
bootstrap 

R-Square 

confirmed H1a:  PEOU LOU 0.204 0.036   

confirmed H1b:  PU LOU 0.399 0.001   

confirmed H1c: PRCE LOU 0.593 0.001   

confirmed H2b:  PU MS 0.272 0.005   

confirmed H5b:  A PU 0.685 0.001   

confirmed H8:  IU A 0.371 0.034   

confirmed H9:  AU IU 0.383 0.002   

n.s. H2a:  PEOU MS -0.012 0.821   

n.s. H2c: PRCE MS 0.135 0.141   

n.s. H3: PU PRCE 0.208 0.112   

n.s. H4:  PU PEOU -0.008 0.923   

n.s. H5a:  A PEOU -0.045 0.571   

n.s. H6:  A PRCE 0.051 0.619   

n.s. H7:  IU PU 0.260 0.140   

AMOS R-Square Values 

R-Square   PRCE       0.440 

R-Square   PEOU       0.039 

R-Square   PU       0.524 

R-Square   A       0.507 

R-Square   IU       0.342 

R-Square   AU       0.147 

The next section details the steps taken for the re-specification procedure of the structural 

model A. 

8.4.5. Re-specifying the Structural Model 

As elaborated earlier, for the assessment and re-specification, the model modification for the 

structural model follow statistical search strategies, also called specification search strategies, 

to determine which adjustments result in a better fitting models consistent with theory (Martens, 

2005). One of the statistical search strategies is the application of the Lagrange multiplier test, 

to identify which of the parameters that are assumed to be zero are significantly different from 

zero and should be estimated (Weston & Gore, 2006). The Lagrange multiplier statistic is 

superior to older modification indices computed by AMOS. A further advantage of AMOS’s 

modification index is that it can be computed quite rapidly. AMOS computes a modification 

index for every single-headed arrow or double-headed arrow that could be added to a path 
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diagram without changing an exogenous variable into an endogenous variable or creating a 

new feedback loop in the path diagram (Arbuckle, 2013b). 

Resulting from the initial structural model A, which did not represent a good fit, the next step 

in the model re-specification was to eliminate insignificant relationships to improve the model 

(Bollen, 2014). In model re-specification it is important to follow statistical considerations; 

however, one needs to be aware that post hoc modification can lead to capitalization on chance, 

where the outcome can result in estimating data-driven models that are potentially not 

generalizable across samples (Chou & Bentler, 1990; Green, Thompson, & Babyak, 1998). 

Anderson and Gerbing (1988) emphasized that it is important to take theory and content into 

account, as this is likely to regulate the number of alternate models to investigate and as such 

reduce the possibility of taking advantage of sampling error to attain goodness of fit. Green et 

al. (1998) highlighted that model re-specification should conform with theoretically acceptable 

models and models that are not severely misspecified compared with the initial model. In view 

of these considerations, the re-specification procedure followed the modifications within the 

limitations of theoretical and statistical considerations, based on the modified technology 

acceptance model (TAM; see section 4.5). In addition, the common practice to carefully note 

and elaborate how the model was modified (Weston & Gore, 2006) was followed so as to be 

in a position to interpret the modified models accordingly. 

Steps undertaken for the re-specification of the structural model A began with removing the 

perceived ease of use (PEOU) construct from the structural model for model re-specification. 

In the model, the construct perceived ease of use (PEOU) seems to be not relevant because 

only H1a can be proven with a weak effect (0,195). All other hypotheses concerning perceived 

ease of use (PEOU) should be eliminated because of improper regression weights (negative 

and highly not significant). The R-square value is only 4%. It was evident from the data analysis 

that no direct or indirect effects could be found for the construct perceived ease of use (PEOU) 

on attitude (A), management support (MS) or perceived usefulness (PU). The summary of the 

values for the basis of removal of PEOU containing implausible significant correlations 

(correlations with a negative sign) are reported below in Table 39. 



  176 

 

Table 39: Summary of implausible correlation values for perceived ease of use (PEOU) 

Path Hypothesis Dependent Independent Estimate Lower Upper P 

A<---PEOU H5a:  A PEOU -0.045 -0.210 0.116 0.571 

PEOU<---MS H2a:  PEOU MS -0.012 -0.232 0.177 0.821 

PU<---PEOU H4:  PU PEOU -0.008 -0.145 0.131 0.923 

The second step was the elimination of paths with plausible regression weights but with a high 

p-value, meaning a p-value>0.05. Those paths for not significant standardized regression 

weights are reported in Table 40 below. 

Table 40: Summary of not significant standardized regression weights 

Path Hypothesis Dependent Independent Estimate Lower Upper P 

A<---PRCE H6:  A PRCE 0.041 -0.176 0.218 0.700 

PRCE<--- MS  H2c: PRCE MS 0.156 -0.039  0.350 0.118 

Next, structural model B was established, presented in Figure 26. Structural model B has an 

ML chi-square of 285.084 with p-value of 0.000 and degrees of freedom of 161. The goodness 

of fit measures were: χ²/df=1.771, TLI=0.912, CFI=0.925, RMSEA=0.056 and SRMR=0.0942. 

The mean chi-square value obtained for the 2,000 bootstrap samples was 166.559 with a p-

value of 0.000.  

A significant mean chi-square (bootstrap) with the Bollen-Stine bootstrap p-value less than 

0.05 (p=0.002) implied that structural model B cannot be accepted. In other words, the removal 

of the perceived ease of use (PEOU) construct and the removal of the not significant paths from 

management support (MS) to perceived risk of catastrophic event (PRCE), and from perceived 

risk of catastrophic event (PRCE) to attitude (A), in accordance with theoretical considerations, 

did not yield a good representation of the data for structural model B.  

The next approach taken was a further series of specification searches, with the aim to optimize 

the re-specification process (Rex B Kline, 2011) with the outcome presented in Figure 27 as 

structural model C. 
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ML chi-square=285.084, df=161, p=0.000 

χ²/df=1.771, TLI=0.912, CFI=0.925, RMSEA=0.056 and SRMR=0.0942 

Bollen-Stine bootstrap p=0.000, Bootstrap chi-square=166.559

 

Coding of the structural model B: level of understanding (LOU) of SCRM, management 

support (MS) for SCRM, perceived risk of catastrophic events (PRCE), perceived usefulness 

(PU) of SCRM, perceived ease of use (PEOU) of SCRM, attitude (A) towards using SCRM, 

intention to use (IU) SCRM, actual use (AU) of SCRM. 

Figure 26: Structural model B 

The computation overview summary for structural model B is listed in Table 41. 



  178 

 

Table 41: Summary of computed values for structural model B 

Hypothesis       

Result Hypothesis Dependent Independent 

Estimate 
Standardized 

Regression 
Weights 

P- value 
bootstrap 

R-Square 

Confirmed H1b:  PU LOU 0.390 0.001   

Confirmed H1c: PRCE LOU 0.662 0.001   

Confirmed H2b:  PU MS 0.270 0.006   

Confirmed H5b:  A PU 0.713 0.002   

Confirmed H8:  IU A 0.375 0.030   

Confirmed H9:  AU IU 0.382 0.002   

n.s. H3: PU PRCE 0.225 0.090   

n.s. H7:  IU PU 0.256 0.119   

Out H1a:  PEOU LOU       

Out H2a:  PEOU MS       

Out H2c: PRCE MS       

Out H4:  PU PEOU       

Out H5a:  A PEOU       

Out H6:  A PRCE       

AMOS R-Square Values 

R-Square   A       0.508 

R-Square   AU       0.146 

R-Square   IU       0.343 

R-Square   PRCE       0.439 

R-Square   PU       0.528 

R-Square 
out 

  PEOU         

Following the further specification search procedure, consistent with the previously mentioned 

theoretical, practical and statistical considerations, structural model C was established, 

presented in Figure 27. 

The re-specification was done on the basis of the modification indices for the missing 

correlations reported in Table 42. 

Table 42: Summary of missing modification indices 

Regression Weights: (Group number 
1 - Default model) 

 

     

      M.I. Par Change 

AU <--- MS 46.710 0.468 

AU <--- LOU 24.809 0.343 

AU <--- PRCE 22.732 0.282 

AU <--- PU 15.772 0.299 

Q12 <--- Q18 10.117 0.162 
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Q1 <--- Q12 9.835 -0.165 

Q20 <--- Q11 7.874 0.136 

Q2 <--- Q11 7.747 -0.133 

Q11 <--- Q20 7.502 0.150 

Q23 <--- Q9 7.455 0.144 

Q23 <--- MS 6.785 0.204 

Q13 <--- Q6 6.708 -0.139 

Q9 <--- Q23 6.627 0.134 

Q12 <--- Q9 6.302 0.130 

Q9 <--- Q24 6.241 0.116 

Q23 <--- Q19 6.029 0.112 

Q24 <--- Q9 5.947 0.143 

Q9 <--- AU 5.750 0.224 

Q12 <--- PRCE 5.679 0.157 

Q6 <--- Q13 5.382 -0.111 

Q23 <--- PRCE 5.137 0.153 

Q6 <--- AU 5.062 -0.190 

Q24 <--- MS 4.952 0.194 

Q20 <--- MS 4.922 0.168 

Q6 <--- Q20 4.826 -0.109 

Q23 <--- Q8 4.812 0.108 

Q12 <--- MS 4.810 0.168 

Q7 <--- Q3 4.639 -0.113 

Q2 <--- MS 4.633 -0.161 

Q4 <--- Q6 4.540 0.106 

Q20 <--- Q13 4.515 0.107 

Q23 <--- A 4.435 0.152 

Q24 <--- Q13 4.298 0.120 

Q11 <--- Q2 4.272 -0.108 

Q24 <--- Q18 4.256 0.120 

Q24 <--- Q3 4.238 0.122 

Q11 <--- AU 4.232 0.192 

Q14 <--- Q7 4.201 0.106 

Q23 <--- PU 4.127 0.175 

The second step was the elimination of paths with plausible regression weights but with a high 

p-value, meaning p-value>0.05. Those paths for the not significant standardized regression 

weights are reported in Table 43 below. 

Table 43: Summary of not significant standardized regression weights 

Path Hypothesis Dependent Independent Estimate Lower Upper P 

AU<---IU H9:  IU AU 0.076 -0.079 0.245 0.355 

IU<--- PU H7: PU IU 0.183 -0.135 0.461 0.216 



  180 

 

Structural model C was thereafter established (Figure 27). Structural model C has an ML chi-

square of 216.111 with p-value of 0.002 and degrees of freedom of 161. The goodness of fit 

measures were: χ²/df=1.342, TLI=0.961, CFI=0.967, RMSEA=0.037 and SRMR=0.0469. The 

mean chi-square value obtained for the 2,000 bootstrap samples was 166.927 with a Bollen-

Stine p-value of 0.027.  

Using the conventional significance level of 0.05, structural model C model would not be 

rejected; hence, it can be concluded that the hypothesized conceptual model established in 

section 4.5 is sufficiently close to the observed data, with the remaining differences attributed 

by sampling fluctuations.  

In other words, the Bollen-Stine bootstrap procedure supports that structural model C will be 

accepted where it would otherwise have been rejected when the ML-based chi-square was used. 

This is because the distribution of the ML chi-square values reflected data non-normality. 

However, as elaborated earlier, this did not pose a problem when the bootstrapping procedure 

was applied, resolved through the Bollen-Stine test statistics.  

Those relationship paths were added on the basis of the modification indices (Table 42) 

following the missing correlations. Additionally, the refined TAM as a theoretical reference 

was taken into consideration. This is consistent with the proposition highlighted by Schreiber, 

Nora, Stage, Barlow, and King (2006) and Green et al. (1998) that the final model should not 

significantly deviate from the initial theoretical model, and parameter constraints altered to 

improve the fit of the model should be warranted theoretically.  
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ML chi-square=216.111, df=161, p=0.002 

χ²/df=1.342, TLI=0.961, CFI=0.967, RMSEA=0.037 and SRMR=0.0469 

Bollen-Stine bootstrap p=0.027, Bootstrap chi-square=166.927 

 

Coding of the structural model C: level of understanding (LOU) of SCRM, management 

support (MS) for SCRM, perceived risk of catastrophic events (PRCE), perceived usefulness 

(PU) of SCRM, perceived ease of use (PEOU) of SCRM, attitude (A) towards using SCRM, 

intention to use (IU) SCRM, actual use (AU) of SCRM. 

Figure 27: Structural model C 

The computation overview summary for the structural model C is listed in Table 44. 
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Table 44: Summary of computed values for structural model C 

Hypothesis       

Result Hypothesis Dependent Independent 

Estimate 
Standardized 

Regression 
Weights 

P- value 
bootstrap 

R-Square 

Confirmed H1b:  PU LOU 0.383 0.001   

Confirmed H1c: PRCE LOU 0.664 0.001   

Confirmed H2b:  PU MS 0.268 0.005   

Confirmed H5b:  A PU 0.725 0.001   

Confirmed H8:  IU A 0.550 0.001   

n.s. H3: PU PRCE 0.229 0.087   

New new H10 AU MS 0.568 0.001   

New new H11 AU PRCE 0.261 0.001   

Out H1a:  PEOU LOU       

Out H2a:  PEOU MS       

Out H2c: PRCE MS       

Out H4:  PU PEOU       

Out H5a:  A PEOU       

Out H6:  A PRCE       

Out H7:  IU PU       

Out H9:  AU IU       

AMOS R-Square Values 

R-Square   A       0.526 

R-Square   AU       0.483 

R-Square   IU       0.302 

R-Square   PRCE       0.441 

R-Square   PU       0.523 

R-Square 
out 

  PEOU         

The two-step SEM approach taken for this study yielded an adjusted measurement model and 

subsequently an adjusted structural model (structural model C) that best represented the data.  

The overall model fit summary is presented in Table 45 and Table 46, which provide the 

overview of the goodness of fit statistics of all the established models: the hypothesized 

measurement model, the re-specification measurement model, the initial structural model 

(model A), the re-specified structural model (model B) as well as the final structural model 

(model C) for this study. 

Resulting from the model re-specification process, two additional new relationship paths were 

established. The first is the relationship path between management support (MS) having a 

direct influence on actual use (AU); the second is the relationship path between perceived risk 



  183 

 

of catastrophic events (PRCE) having a direct influence on actual use (AU). The additional 

new relationship paths will be discussed with the underlying theory in Chapter 9.  
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Table 45: Summary of goodness of fit statistics for measurement and structural models 
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Table 46: Summary of goodness of fit statistics simplified view 

Parameter 
Recommended 

Values 
Measurement 

Model 

Measurement 
Model re-

specification 

Structural 
Model A 

Structural 
Model B 

Structural 
Model C 

χ² p-value p > 0.05 0.000 0.000 0.000 0.000 0.002 

χ²   323.215 277.223 361.589 285.084 216.111 

df   224.000 202.000 215.000 161.000 161.000 

χ²/df ≤ 3.00 1.443 1.372 1.682 1.771 1.342 

RMSEA < 0.07  0.043 0.039 0.053 0.056 0.037 

SRMR ≤ 0.08 0.047 0.043 0.086 0.094 0.047 

TLI ≥ 0.95 0.938 0.949 0.907 0.912 0.961 

CFI ≥ 0.95 0.950 0.960 0.921 0.925 0.967 
Bollen-
Stine p-
value 
bootstrap 
(2000 
samples) 

p > 0.05 0.006 0.014 0.001 0.000 0.027 

bootstrap 
mean Chi-
Square 
(2000 
samples) 

  230.827 208.391 222.400 166.559 166.927 

Having addressed the required procedures for SEM for model testing, the model specification, 

identification, estimation, evaluation and modification/re-specification, in addition to the data 

collection procedure itself (Hoyle, 1995; Kaplan, 2008; Kline, 2005, 2015; Schumacker & 

Lomax, 2004), the next step was the establishment of the process for hypothesis testing. This 

is further explained in the next section. 

8.5. Hypothesis Testing 

Having achieved an overall fit between the revised structure model with the data, the 

established hypotheses (which were based on the conceptual model) were tested to determine 

the relationships among the variables. The established conceptual model originally had 14 

hypotheses, representing the causal relationships among the original eight constructs. Under 

the newly established structural model (structural model C), seven constructs remained with 

eight hypotheses. Two additional relationship paths were added, both dealing with the direct 

effect on the behavioural response to actual use (AU). It is also important that the total effect 

from the external variable management support (MS) can be separated into having both a direct 

and an indirect effect. The indirect effect is based on the given hypothesis. Management support 

(MS) influences actual use (AU) via cognitive response and the direct link for the behavioural 
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response to actual use (AU). The new direct effect on actual use (AU) is strong (0,568) and 

highly significant. Perceived risk of catastrophic events (PRCE) also has a direct effect on 

actual use (AU). The direct effect is significant, with a p-value=0,001 and a medium effect 

(estimate=0.261) greater than 0.2. With these two new hypotheses, the direct effect of intention 

to use (IU) on actual use (AU) (H9) dramatically loses power, with a weak effect (0,076) and 

p-value=0.343. Even so, the main hypothesis of the theory still holds, with the strong link from 

management support (MS) weakening the link from intention to use (IU) to actual use (AU). 

In SEM using AMOS, a hypothesis is statistically significant (at the 0.05 level) as indicated by 

the critical ratio values>1.96 for a regression weight (Byrne, 2010). The CR is a t-value 

obtained by dividing the estimate of the covariance by its standard error (Lu et al., 2007, p. 

862). The paths, hypotheses and results of the SEM are presented in Table 47 and discussed in 

the next chapter. 

Table 47: Summary of hypothesis testing 

Hypothesis 
Unstandardized 

Regression 
Weights 

Standardized 
Regression 

Weights 

Standardized 
Regression Weights 

se 

Result Hypothesis Dependent Independent Estimate 
P- 

value 
Estimate 

P- value 
bootstrap

* 

Standard 
Error 

bootstrap
* 

Bias 
bootstrap

* 

confirmed H1b:  PU LOU 0.343 
0.002*

* 
0.383 0.001 0.142 0.002 

confirmed H1c: PRCE LOU 0.764 *** 0.664 0.001 0.054 -0.002 

confirmed H2b:  PU MS 0.236 
0.001*

* 
0.268 0.005 0.086 0.001 

confirmed H5b:  A PU 0.870 *** 0.725 0.001 0.052 0.000 

confirmed H8:  IU A 0.536 *** 0.550 0.001 0.075 -0.002 

n.s. H3: PU PRCE 0.178 
0.026*

* 
0.229 0.087 0.125 -0.002 

New new H10 AU MS 0.490 *** 0.568 0.001 0.070 -0.001 

New new H11 AU PRCE 0.199 
0.001*

* 
0.261 0.001 0.075 0.001 

Note: *** significant at < 0.001; ** significant < 
0.05, (two tailed) 

   Note: *Bias-corrected intervals 
at 95% 

8.6. Chapter Summary 

This chapter provided the results of the main study. As a prelude, the data collected from the 

main study was first subjected to a series of pre-analysis assessments to determine the adequacy 

of the data for the analysis using SEM. CFA was tested for the measurement model, followed 

by adjusted re-specification of the measurement model. Then, the structural model was 

assessed and adjusted. The measurement model and structural model were tested and assessed 
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using multiple goodness of fit measures, including χ², χ²/df, CFI, TLI, SRMR and RMSEA. A 

bootstrapping procedure was applied to compensate for the non-normal distribution of the data. 

Bollen-Stine bootstrap p-values were taken for the model assessment. Two additional 

relationship paths were derived following the re-specification procedure of the structural model, 

taking into consideration statistical, theoretical and practical assessment criteria. Finally, the 

hypotheses derived for this study (see section 4.7) were tested.  

The next chapter will focus on the discussion and implications of the results arising from the 

statistical evaluation for this study.  
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9. Discussion 

This chapter presents the discussion on the findings derived from data collected from 

organizations in the manufacturing sector and the transport and storage sectors in Singapore. It 

reflects on the respective statistical evaluation of the data, which used the defined structural 

equation modelling (SEM) procedures. First, the business context is presented, followed by the 

two additional questions stated in the questionnaire and the discussion about the respondent’s 

perception of key constructs. This is followed by the presentation of the hypotheses and their 

significant/non-significant relationships between the independent, mediating and dependent 

variables (the path coefficients). Each of the paths and components of the conceptual model 

will be discussed, with the additional two new relationship paths that emerged following the 

data analysis process (see Chapter 8). 

Figure 28: Schematic overview of key elements of discussion study chapter 

9.1. Business Context 

The survey sample comprised representatives from registered organizations in Singapore (local 

and multinational companies, or MNCs) from the manufacturing sector and the transport and 

storage sector, reflecting the targeted variety of business characteristics relevant for this study 

in the field of SCRM. The representative sample, drawn by proportionate random sampling 

from the Accounting and Corporate Regulatory Authority (ACRA) directory listing 

(manufacturing SSIC Code 10101 to 32909, N=1,590; transport and storage SSIC Code 49101 

to 53200, N=760), was surveyed from mid-November 2015 till the end of December 2015. The 

related data analysis and interpretation were conducted in 2016 and 2017. The data were 

collected in Singapore, and the selected industries represent a large pillar of its economy. It is 

reasonable to conclude that the representativeness of the sample for this study provides 

sufficient basis to adequately generalize its findings. Limitations of the study are presented in 

section 10.4. 
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As a resource-scarce country, Singapore relies to a large extent on financial as well as service-

oriented businesses for the core contribution to its economic structure. However, the Singapore 

Ministry of Trade and Industry (MTI) maintained that its manufacturing sector is and will 

remain a key pillar of Singapore’s diversified economy. To attract and sustain local and foreign 

businesses of all sizes, key essentials for Singapore are to maintain a high level of business 

reliability and integrity, uphold high-quality standards for its people, sustain a pleasant living 

and learning environment, provide an excellent infrastructure, continually and consistently 

strive for productivity improvements of its workforce, keep transparent rules of law, and 

conscientiously enforce intellectual property rights. Such key essentials are not completely new 

or unique to Singapore; they do exist to various extents in other developed countries, such as 

the US and in Europe.  

Despite its small domestic market, Singapore’s economy is heavily engaged in the global 

marketplace. Its manufacturing sector currently employs almost 400,000 people, consistently 

contributing consistently over several years in the range of 20–30% of Singapore’s gross 

domestic product (GDP). Singapore also plays a key role in the global transportation and 

storage business. It positioned itself as a global transportation hub, supported by its extensive 

network of free trade agreements—currently, the most in Asia. It has built on its advantageous 

geographical location to become one of the world’s top transportation hubs for sea and air cargo. 

Singapore’s container ports are among the busiest in the world; many multinational 

manufacturing firms have set up their Asia branch office and facilities in the republic, which 

acts as the gateway to neighbouring countries in this region.  

9.2. Discussion About Descriptive Statistics (Sections B and C of Questionnaire) 

This section provides an overview of the business sectors that were the focus of this study and 

from which data were collected, to provide a holistic picture of the study setting. It further 

evaluates the additional two questions in the questionnaire, which intended to shed light on the 

main reasons that participants undertook risk management and activities to improve the 

resilience of their supply chain. 
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9.2.1. Business Sectors 

The study sought to collect data from respondents who were relevant to the field of SCRM. 

Therefore, the target group was people working in the manufacturing sector and the transport 

and storage sector, which form a key industry in the Singapore context. The aim of the study 

was to draw from the collected and carefully analysed sample information for the purpose of 

fact-finding and theory-building. It may appear that the data from the survey sample show an 

over-representation of organizations from the manufacturing sector (70.3%); however, as this 

was the targeted main group in relation to SCRM, this concern can be discounted. There was 

still an acceptable high proportion of respondents representing the transport and storage sector 

(26.8%). 

By number of employees, the reporting companies mainly fell into the small to medium-sized 

enterprise (SME) category of the Singapore MTI, as they mostly had fewer than 200 employees 

(the other criterion is turnover, which was not asked about in this study). Although other 

definitions of SMEs exist, the Singapore MTI definition is followed for this study. Just below 

70% (69.1%) of respondents reported that they worked in organizations with less than 150 

employees, almost 20% (19.5%) in companies with 151 to 300 employees, and more than 10% 

(11.4%) in organizations with more than 300 employees. On the basis of these figures, it can 

be established that the findings from this study represent a good mix of organizations in 

Singapore, including an adequate proportion of SMEs in the manufacturing sector and the 

transport and storage sector in Singapore. 

9.2.2. Main Reason for Doing Risk Management in Your Organization 

Respondents were asked to select up to two reasons they conducted risk management in their 

organizations. The most frequently selected reasons were “Operational requirements such as 

production, quality, cost cutting etc.” (60.6%) and “Legal, compliance or social responsibility 

and ethics requirements” (60.6%). This was in line with expectations: operational requirements 

are high on the agenda of many organizations around the globe. They are part of the broader 

function inherent in decisions for manufacturing companies and transport and storage 

companies, and they are an intrinsic part of management. Such decisions form an integral part 

of SCRM practices and the need to consistently strive for optimized levels of costs, quality and 
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time as well as managing risks in supply chains. As Handy (2011) stated, “Risk management 

is not a separate activity from management, it is management.”  

The second selection “Legal, compliance or social responsibility and ethics requirements”, is 

likely to be attributed to rising awareness of good corporate governance in organizations, as 

well as increased regulatory requirements (explained in section 2.6.10), both of which require 

companies to use formal approaches to risk management—as a minimum, they should comply 

with laws and regulations, be socially responsibly and behave ethically. As supply chain risk 

environment is dynamic and continually evolving with different threats, unexpected events and 

unpredictable consequences, so is the legal and regulatory environment continually enhanced 

around the globe. It poses a constant requirement for companies to increase insight and 

control—automate information governance, pay attention to compliance and quality control, 

driven by wider public awareness of quality issues and stricter enforcement by regulators. 

Surprisingly, less than 10% (7.3%) of respondents chose “Threat of natural or man-made 

catastrophic events”. This could be because such risks are classified as low-frequency, although 

they are often high-impact. Natural disasters, although they are very prominent in Asia (see 

section 2.3.1), have not occurred in Singapore—as a result, the fear of such risks might be 

lower. Man-made catastrophic events also represent a huge risk to organizations; as stated by 

Dutton (1988), when uncertainty is high, managers will underestimate the importance of an 

issue. Additionally, Lovallo and Kahneman (2003) suggest that managers are prone to the 

illusion that they are in control. 

9.2.3. Activities to Increase the Resilience of Your Supply Chain 

Respondents were asked to select up to three activities they will undertake or are currently 

working on to improve the resilience of their supply chain for their organization. The most 

frequent answer was “Improve collaboration with suppliers & partners” (61% of respondents), 

followed by “Improve demand forecasting and strengthen business continuity planning” 

(46.7%) and “Conduct regular risk audits of key suppliers” (24.8%). 

It is not surprising that the respondents chose the three most common responses (improve 

collaboration, improve demand forecasting, conduct regular risk audits). A large number of 

Singapore manufacturers are export oriented, supplying good and services not only to its 
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domestic market but also regionally or globally. Collaboration can take many different forms, 

ranging from informal discussions through to forming strategic alliances or partnerships. It 

requires companies’ strong commitment to share information, conduct joint forecasting and 

work with the shared planning features to synchronize the material movement of the whole 

supply chain Waters (2011).  

The respondents’ preference for enhanced demand forecasting can also be grouped in a broader 

category, the supply chain planning phase. Planning for an organization’s supply chain aims to 

reduce risks—from the design and execution of plans for operations, to improving mismatch 

between supply and demand, and enhancing inadequate planning details, minimizing 

constraints in the supply chain, reducing poor forecasting, improving any lack of 

synchronization between supply chain participants et cetera (Waters, 2011). 

Comprehensive supplier risk audits, and possibly the resulting jointly defined mitigation 

strategies or actions, form a key element of SCRM. The important element here is to identify 

risks early so as to avoid negative surprises and control such risks proactively. The main risks 

to supply chains might not stem from terrorist attacks, pandemics or natural disasters but from 

the vast range of unforeseen events that might affect them (Sheffi, 2002). All supply chains 

face many different kinds of risks, so by conducting audit of suppliers results in a better chance 

of identifying unreliable suppliers and making advance plans for actions and responses.   

In summary, the key takeaway for the respondents’ activities to increase resilience in supply 

chains was their desire to “increase the visibility within their supply chains”. 

9.2.4. Discussion About the Respondents 

The study targeted C-level executives (15.9%), management-level representatives (41.1%), 

department heads (17.1%) and middle management / procurement officers / supply chain 

officers (26%), as they are deemed to be practitioners who play a vital role as key custodians 

of SCRM practices and/or the related SCRM execution within their respective organizations. 

The assumption was that individuals in C-level and management-level positions probably had 

a strong influence on SCRM and had the broadest overall view of their organization’s SCRM 

initiatives. Department heads and middle management / procurement officer / supply chain 

officers were assumed to strongly influence operational SCRM practices.  
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The mix of respondents was adequate and represented key functions within the targeted sectors 

and organizations, with over 50% of respondents (57%) reporting to be in C-level and 

management-level positions and the remaining 47% department heads and middle management 

/ procurement officer / supply chain officer positions. In terms of strategic and operational 

views of SCRM, it is assumed that C-level and management-level staff are more active in the 

strategic space of SCRM practices, and operational SCRM practices are more likely be the 

focus of the other groups. Both groups are adequately represented. 

In terms of their SCRM experience, over 60% (64.2%) of respondents reported that they had 

SCRM experience of between three and 10 years, and over 20% (22.8%) over 10 years. This 

represents a good mix of SCRM experience among the respondents in this study. 

Data on the respondents’ four different position groupings (defined in the questionnaire) in 

relation to their years of experience in SCRM was also collated, as shown in Figure 29. 

 

Figure 29: Years of experience in relation to position as percentage within position in the company 

Figure 30 reveals an expected trend. C-level respondents had a high level of reported 
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longest experience, and the lowest-ranked position corresponds with less experience (>10 

years=9.4%).  

The respondents were also grouped into four age groups: those below 30 years (11.4%), those 

in their 30s (26.8%), those in their 40s (43.5%) and those in their 50s (18.3%). The respondents 

reported different education backgrounds, ranging from tertiary and below to postgraduate 

levels. Less than 10% (6.1%) of respondents reported to have an education level of “A level 

and below”. The vast majority of respondents (71.9%) reported they were diploma or degree 

holders. Over 20% (22%) of respondents reported to hold a master’s degree or above.   

An analysis was conducted of the four different age groupings in relation to their reported years 

of experience in SCRM, as presented in Figure 30. 

 

Figure 30: Years of experience in relation to age as percentage within age groups 

An expected trend is also visible here. The older age group (50 years and above) reported the 

longest experience in SCRM.  
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The descriptive statistics relating to gender showed that almost 80% (78%) of the respondents 

reported to be male and the remainder (22%) female. This gender mix appears be a sign of 

male-dominated workplaces among the reporting sample organizations in Singapore. The trend 

found in this study meets expectations: distribution of male/female employees remains 

unbalanced in Singapore organizations, especially in more traditional industries such as the 

manufacturing sector and the transport and storage sector. Although gender ratios are 

consistently improving—about half the students in Singapore today are females, and there is 

an overall superb literacy rate among females (Singapore Department of Statistics (DOS), 

2018)—there remains a gap to be closed.  

In sum, the respondents and their organization profiles summarized in this section closely 

reflected the business environment in Singapore in those traditional industries; hence, it is 

reasonable to deduce that the findings of this study are representative of the selected business 

sectors at national level. 

An analysis was conducted to show the relationship between gender and years of experience 

in SCRM, as presented in Figure 31. 

 

Figure 31: Years of experience in relation to gender as a percentage within gender groups 
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Respondents’ reported years of experience reveal no significant difference between males and 

females in relation to their experience. 

An analysis was conducted to show the relationship between respondents’ reported highest 

education level and years of experience in SCRM, as presented in Figure 32. 

 

Figure 32: Years of experience in relation to highest education level as a percentage within education groups 

The observed trend is that respondents with the highest levels of education also had the longest 

experience in SCRM. 

An analysis was conducted to show the relationship between respondents’ age and gender, as 

presented in Figure 33. 
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Figure 33: Relationship between age and gender as a percentage within gender groups 

There were no major unexpected findings among the respondents.  

An analysis was conducted to show the relationship between respondents’ age and their 

position in the company, as presented in Figure 33. 

 

Figure 34: Relationship between age and position in the company as a percentage within position groups 

No unexpected findings were observed in the relationship between age and position in the 

company. 
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An analysis was conducted to show the relationship between respondents’ reported age and 

level of education, presented in Figure 35. 

 

Figure 35: Relationship between age and highest education level as a percentage within education groups 

No unexpected findings were observed in terms of the relationship between education levels 

and age within the reported education groups. 

Taken together, with the broad diversity of the respondents’ profiles, this study provided a 

balanced mix of opinions about SCRM practices from respondents from a range of 

backgrounds. 

9.3. Respondents Perception of Key Study Constructs 

The descriptive statistics for the respondents represent important characteristics of the business 

context in which this study was set, and that provide additional information on its effects. The 

adoption of the technology acceptance model (TAM) and the theory of reasoned action (TRA) 

as the theoretical backdrop, based on the literature review for SCRM and the existing 

information systems (IS) studies that used these models, provided the references to the latent 

9.5%
15.5%

7.4%

26.3%

33.0%

16.7%

46.3%

34.0%

55.6%

17.9% 17.5% 20.4%

0%

20%

40%

60%

80%

100%

Diploma and lower Degree Master's degree and above

Highest education level

Age Below 30 years Age 30 - 39 years Age 40 - 49 years Age 50 years and above



  200 

 

variables and the associated measurement items for measuring key constructs, established in 

the conceptual model. Subsequently, the pilot study (Chapter 7) served as a testing base to 

ascertain the psychometric properties of the constructs. The SEM and data analysis approach 

that was carried out to analyse the main study results (Chapter 8) further proved the existence 

of the latent variables representing the conceptual model.  

This section is dedicated to discussing in more detail the respondents’ perceptions of SCRM 

and their views on the key constructs. 

An analysis was conducted for the relationship between the respondents’ ages and the mean 

values of the construct level of understanding (LOU), as presented in Figure 36. 

 

Figure 36: Mean scored level of understanding within age groups 

No significant differences or trends were identified as stemming from the reported age groups 

for the construct level of understanding (LOU). 

An analysis was conducted for the relationship between gender and the mean values of the 

construct level of understanding (LOU), as presented in Figure 37. 
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Figure 37: Mean scored level of understanding (LOU) within gender groups 

No significant differences or trends were identified as stemming from gender as it related to 

the construct level of understanding (LOU). 

An analysis was conducted for the relationship between the respondents’ position in the 

company and the mean values of the construct level of understanding (LOU), as presented in 

Figure 38. 
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Figure 38: Mean scored level of understanding (LOU) within position groups 

No significant differences or trends were identified that stemmed from respondents’ position 

in the company groups and the construct level of understanding (LOU). 

An analysis was conducted for the relationship between the respondents’ education levels and 

mean values of the construct level of understanding (LOU), as presented in Figure 39. 
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Figure 39: Mean scored level of understanding within education groups 

No significant differences or trends were identified as stemming from the respondents’ 

education level in relation to the construct level of understanding (LOU). 

An analysis was conducted for the relationship between respondents’ age and the mean 

values of the construct management support (MS), as presented in Figure 40. 
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Figure 40: Mean scored management support (MS) within age groups 

No significant differences or trends were identified as stemming from the respondents’ 

position in the company for the construct management support (MS). 

 

Figure 41: Mean scored management support (MS) within gender groups 

No significant differences or trends were identified as stemming from the respondents’ 

gender groups for the construct management support (MS). 
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Figure 42: Mean scored management support (MS) within position groups 

No significant differences or trends were identified as stemming from the respondents’ 

reported position in the company for the construct management support (MS). 
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Figure 43: Mean scored management support (MS) within education groups 

No significant differences or trends were identified as stemming from the respondents’ 

education levels for the construct management support (MS). 

The next section outlines and explains the significant and non-significant relationship paths.  

9.4. Significant and Non-significant Relationship Paths 

This chapter reintroduces the hypotheses provided in section 4.7 and elaborates on the 

significant/non-significant relationship paths established in the final model (see Chapter 4). It 

lists the hypotheses with their values and outcome (supported/not-supported) and elaborates on 

the possible interpretations for those outcomes. 

9.4.1. Stated Original Hypotheses: Construct Perceived Ease of Use (PEOU) 

H1a: Supply chain risk management (SCRM) practitioners’ level of understanding 

(LOU) will have a positive effect on the perceived ease of use (PEOU) of SCRM 

practices. 

➔ Not supported 

 

H2a:  Management support (MS) will have a positive effect on perceived ease of use 

(PEOU) of supply chain risk management (SCRM) practices. 

➔ Not supported (addressed under H1a) 

 

H4:  Perceived ease of use (PEOU) will have a positive effect on perceived 

usefulness (PU) of supply chain risk management (SCRM) practices. 

➔ Not supported (addressed under H1a) 

 

H5a:  Perceived ease of use (PEOU) will have a positive effect on attitude (A) towards 

using supply chain risk management (SCRM) practices. 

➔ Not supported (addressed under H1a) 

In the final model, the construct perceived ease of use (PEOU) was found to be not relevant 

because of its proven weak effect (0,204) on H1a. Consequently, perceived ease of use (PEOU) 
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was removed from the model. Resulting from the removal of this construct, all other related 

hypotheses (H2a, H4, H5a) were eliminated because of improper regression weights (negative 

and highly not significant). The R-square value was only 4%. It was evident from the data 

analysis that there were no direct or indirect effects for the construct perceived ease of use 

(PEOU) on attitude (A), management support (MS) or perceived usefulness (PU). 

Revisiting the two related construct definitions, they were identified in the TAM as follows: 

• perceived usefulness (PU): the degree to which a person believes that using a particular 

system would enhance his or her job performance 

• perceived ease of use (PEOU): the degree to which a person believes that using a 

particular system would be free of effort (Davis, 1989, p. 320). 

Studies that investigated self-reported system usage and intended use found that perceived 

usefulness (PU) plays a significant role in determining such effects. However, most of the 

studies, starting with Davis himself (1989), did not find a direct linkage between perceived 

ease of use (PEOU) and, in his case, adoption of information technology (IT). Indeed, Davis 

suggested that “ease of use operates through usefulness”, (Davis, 1989, p. 332), a notion that 

was also suggested in later research (Adams, Nelson, and Todd (1992); Gefen & Straub (2000); 

(Keil, Beranek, & Konsynski, 1995; Venkatesh & Davis, 1994). 

Not surprisingly, some researchers questioned the overall importance of perceived ease of use 

(PEOU), at least for the field of IT adoption (Keil et al., 1995). The role of perceived ease of 

use (PEOU) in TAM remains controversial in that some studies show the construct does 

directly affect either self-reported use or intended system use and other studies do not. 

According to Igbaria and Iivari (1995), this trend is attributed to the hard reality of 

organizations, which tend to place more emphasis on the usefulness of the systems than the 

pleasure (ease/difficulty of use) they can bring. A further reason could be that today SCRM is 

often mandated, to some extent, in many organizations, which may downplay the relevance of 

whether SCRM is perceived as being easy or difficult to use. 

Segars and Grover (1993), who addressed TAM research effects in perceived usefulness (PU) 

and perceived ease of use (PEOU), added an additional variable, effectiveness. However, this 

was later refuted by Chin and Todd (1995). After performing a SEM analysis, they concluded 
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that a single factor PU measure has reasonable psychometric properties and, thus, that there 

was no substantive rationale to separate perceived usefulness (PU) into two dimensions (i.e. 

PU and effectiveness).  

It is reasonable to assume, apart from the already stated statistical proof, that in the context of 

this study related to the complexity of SCRM itself, the construct perceived ease of use (PEOU) 

does not directly affect related constructs and instead is operating reasonably through the 

construct perceived usefulness (PU). 

In sum, many studies have extensively investigated whether TAM instruments were powerful, 

consistent, reliable and valid, and they found that these properties do hold. Researchers made 

intensive checks for validation of the instruments, in the same way as checks were applied and 

models validated for this study. Even when used in a different context:  

… no absolute measures for those constructs exist across varying technological and 

organizational context … Measurement models must be rigorously assessed and, if 

necessary, respecified. (Segars and Grover, 1993, p. 525)  

The applied statistical and theoretical procedures for the removal of the construct perceived 

ease of use (PEOU) were explained earlier in section 8.4.3. 

9.4.2. Stated Original Hypothesis: Construct Level of Understanding (LOU) 

H1b:  Supply chain risk management (SCRM) practitioners’ level of understanding 

(LOU) will have a positive effect on the perceived usefulness (PU) of SCRM practices. 

➔ Supported 

 

H1c: Supply chain risk management (SCRM) practitioners’ level of understanding 

(LOU) will have a positive effect on perceived risk of catastrophic events (PRCE) of 

SCRM practices.  

➔ Supported 

For the construct level of understanding (LOU), both H1b and H1c are supported with values 

of: 
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• H1b: β=0.383 and p≤0.001 

• H1c: β=0.664 and p≤0.001.  

Without going into the comprehensive details of the complex human decision-making 

processes and all the different views that exist in the literature on knowledge (as this would be 

beyond the scope of this study), a simple notion is applied for this study: “The more one 

understands about a subject matter, the better-informed decisions one can possibly make.” 

Risk management involves understanding, analysing and addressing (managing) risks to 

support organizations to achieve their defined objectives. Having a good level of understanding 

of particular circumstances, procedures, processes, tools, systems and actions helps individuals 

and organizations in their approach towards risk management, with the ultimate goal of 

managing (sometimes changing) exposures to risks. Specific standards and methods have been 

developed with respect to risk management. These methods of analysis help those who practise 

risk management to use established ways of identifying, mapping, transferring or reducing risk 

or risk impact. By understanding the variety and interconnectedness of supply chain risks, 

managers can tailor balanced and effective risk reduction strategies for their companies to make 

it possible to achieve improved financial performance and to gain a competitive advantage 

(Ojha, Gianiodis, & Manuj, 2013). Today, knowledge management, reflected in the level of 

understanding of specific subject matter areas (in this case, SCRM), is frequently recognized 

as a significant organizational resource, creating value and helping individuals and groups to 

create a competitive advantage for firms. 

Therefore, results for both hypotheses met the expectation that possessing and advancing 

related knowledge does help to support the effect of perceived usefulness (PU) of a system and 

contribute to the understanding of the perceived risk of catastrophic events (PRCE) for SCRM 

practices. Today, knowledge-intensive work and creating an informed environment helps 

employees to manage and solve increasingly complex and often ambiguous problems. 

9.4.3. Stated Original Hypothesis: Construct Management Support (MS) 

H2b:  Management support (MS) will have a positive effect on perceived usefulness 

(PU) of supply chain risk management (SCRM) practices. 

➔ Supported 
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H2c: Management support (MS) will have a positive effect on the perceived risk of 

catastrophic events (PRCE) of supply chain risk management (SCRM) practices.  

➔ Not supported 

For the construct management support (MS), H2b was supported, showing a positive effect 

towards perceived usefulness (PU) with values of β=0.268 and p≤0.005. H2c shows a positive 

direction for perceived risk of catastrophic events (PRCE) with p-values slightly above 0.1. 

H2c is not supported; its values are β=0.126 and p≤0.169.  

In relation to H2b, according to Chapman, Christopher, Jüttner, Peck, and Wilding (2002), a 

clear philosophy is necessary to successfully drive change in organizations. This highlights the 

importance of, first, senior management as a driving force for risk management and, second, a 

company-wide awareness of the subject matter. The entire organization needs to be committed 

to implementing risk management techniques, and every employee needs to feel that their input 

is valued and important. Companies might also promote a culture of disruption awareness, 

making risk management a core element within the company (Elkins, Handfield, Blackhurst, 

& Craighead, 2005). In line with other studies, it is found that management support (MS) plays 

a vital role in users’ judgments about the usefulness of a system, and whether to adopt it.  

Management’s ability to sense, predict and support the emergence of challenges that might be 

encountered is seen as a critical success factor for organizations. This is especially true for 

SCRM, where the effort to understand particularly complex circumstances, prior to decision-

making, often requires a shared effort (among peers and across departments, companies, 

networks and management teams) rather than the deliberation of just one person. This 

substantiates Dutton (1986) and Dutton, Walton, and Abrahamson (1989), who argued that 

issues of great magnitude of impact imply high interconnectedness. This is in line with previous 

studies and literature reviews that found that creating a supportive environment, as well as 

providing encouragement for users, plays an important role in the perceived usefulness of a 

system or technology. 

Surprisingly, it was found in this study only a weak link between management support (MS) 

and perceived risk of catastrophic events (PRCE) for SCRM. A positive direction was 

identified, but it was not found to be particularly strong. 
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9.4.4. Stated Original Hypothesis: Construct Perceive Risk of Catastrophic 

Events (PRCE) 

H3: Perceived risk of catastrophic events (PRCE) will have a positive effect on 

perceived usefulness (PU) of supply chain risk management (SCRM) practices.  

➔ Not significant 

 

H6:  Perceived risk of catastrophic events (PRCE) will have a positive effect on 

attitude (A) towards using supply chain risk management (SCRM) practices. 

➔ Not supported 

The construct perceived risk of catastrophic events (PRCE) did not have a significant effect on 

perceived usefulness (PU). Although a relationship exists, the effect was weak, with H3 values 

of β=0.229 and p≤0.087. The construct perceived risk of catastrophic events (PRCE) did not 

have a significant effect on attitude (A), with H6 values of β=0.022 and p≤0.856. 

This could possibly be explained by the fact that people do maintain multiple perspectives on 

the spectrum of possible hazards and the related usefulness of a system. Nussbaum, Trope, and 

Liberman (2003) added the view that people construe future events differently from present 

events. The higher a risk is viewed, the higher its perceived risk, the more people want to see 

its current risk reduced, and the more they want to see strict regulation employed to achieve 

risk reduction measures (Slovic, Fischhoff, & Lichtenstein, 1986). 

Risk perception is a multidimensional construct and includes, depending on research aims and 

directions, considerations embedded in the axiomatic measurement paradigm, the socio-

cultural paradigm and the psychometric paradigm (Loewenstein, Weber, Hsee, & Welch, 2001; 

Weber, Blais, & Betz, 2002). Others have added further criteria, such as (but not limited to) 

risk sensitivity, attitude and specific fear (Sjöberg, 2000). The list could be extended further; 

however, there is no unified consensus in the research that has been established so far. 

Attitude towards a behaviour is defined as an individual’s positive or negative evaluation of 

performing the behaviour. The term is used to refer to a person’s overall evaluation of persons 

(including oneself), objects and issues (Petty & Brinol, 2010; Petty, Wegener, & Fabrigar, 

1997). Attitude guides an individual’s behaviour by filtering information and shaping their 
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perception of the world (Fazio, 1986). Research has shown evidence that some attitudes are 

weakly predictive of corresponding behaviours, whereas others are strongly predictive 

(Krosnick & Petty, 1995). 

In his analysis of fear applications, Leventhal (1970) suggested that fear induced both cognitive 

responses designed to protect oneself from danger (such as accepting the advocacy) and 

emotional responses aimed at protecting oneself from aversive arousal (such as avoidance). 

Discussion around the uncertainty of a situation has prevailed, and (Rosa, 2003, p. 56) defined 

risk as “a situation or an event where something of human value (including humans themselves) 

is at stake and where the outcome is uncertain”. Hence, uncertainty is closely related to risk 

and, in many theories of behaviour, psychological uncertainty is assumed to be an important 

mediator of human responses in situations with unknown outcomes. Uncertainty is a 

psychological construct. It “exists only in the mind; if a person’s knowledge was complete, that 

person would have no uncertainty” (Windschitl & Wells, 1996, p. 343). Risk appears to mean 

different things to different people (Brun, 1994), and actions and understandings about risks 

are learned by socially and culturally structured conceptions and evaluations of the world, what 

it looks like, and what it should or should not be (Boholm, 1998).  

Perceived risk is not a homogenous phenomenon. Risk carries the contents of both probability 

and consequence. A risk increases as the probability of a negative event increases, and as the 

expected consequences grow worse. Previous studies (Drottz-Sjöberg, 1991) have shown that 

people differ in how they use the term ‘risk’. Some stress the probability component; others 

tend to stress the consequences (Li & Huang, 2009). Perceived risk is a construct of perceived 

situation (Dowling & Staelin, 1994), and it has been defined in various ways. 

In this study, the effects of perceived risk of catastrophic events (PRCE) on perceived 

usefulness (PU) exist but with only weak effect. Generally, the judgment of probabilities, 

particularly small probabilities, refer to rare events; hence, the empirical database may be 

insufficient for a stable estimate. In practice, many details enter the picture and make the 

estimation of a probability somewhat arbitrary (Sjoberg, 1999). Perceived risk of catastrophic 

events (PRCE) towards attitude (A) was not supported, possibly due to preferences to consider 

or evaluate direct actions about system use rather than the positive or negative evaluation of 

performing the behaviour. Previous researchers found demand for mitigation to be rather 

strongly correlated with perceived risk level (Slovic, 2016; Slovic, Fischhoff, & Lichtenstein, 
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1985; Slovic et al., 1986). This in turn supports the view for the newly found path direction 

H10 (explained in section 9.5.1). 

9.4.5. Stated Original Hypothesis: Construct PU 

H5b:  Perceived usefulness (PU) will have a positive effect on attitude (A) towards 

using supply chain risk management (SCRM) practices. 

➔ Supported 

 

H7:  Perceived usefulness (PU) will have a positive effect on intention to use (IU) 

supply chain risk management (SCRM) practices. 

➔ Not supported 

Consistent with the original TAM, this study found that the construct perceived usefulness (PU) 

did have a positive effect on attitude–behaviour. The effect of perceived usefulness (PU) on 

the construct attitude (A) is supported, with values for H5b of β=0.725 and p≤0.001. The 

coefficient for perceived usefulness (PU) on intention to use (IU) is also positive; however, it 

is not significant, with values of β=0.183 and p≤0.227.  

Perceived usefulness (PU) was defined as the “degree to which an individual believes that using 

a particular system would enhance his or her job performance” (Davis, 1993, p. 477). The 

results reinforce the important concept that, if things are not perceived as useful, people will 

have a weak attitude towards them and vice versa. The finding indicates that perceived 

usefulness (PU) is a factor with a strong association to attitude (A).  

The formation of a strong attitude can be affected by a variety of individual and contextual 

variables (Petty et al., 1997). In the literature on attitude, it is noted that repeated experience 

and exposure to the target behaviour provides the user with a greater opportunity to consider 

various aspects of performing the behaviour in a relatively objective manner (Petty & Cacioppo, 

1986).  

The work of Fazio (1986) on the effect of direct personal experience versus indirect experience 

(e.g. information from other sources) when making decisions around performing a behaviour 

shows that the attitude formed by direct experience is more predictive of corresponding 
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behaviour than that shaped by indirect experience. The current findings lend further support to 

Davis’s (1989) conclusion that perceived usefulness (PU) is strongly linked to attitude (A). 

Turning to the effect of perceived usefulness (PU) on intention to use (IU), TRA would suggest 

that the impact of beliefs on intention should be completely mediated by attitude towards the 

behaviour. The original TAM and subsequent research have shown that the effect of perceived 

usefulness (PU) on intention to use (IU) is only partially mediated by attitude (A) towards using. 

This was explained by Davis (1985, 1989) and Davis et al. (1989) as being attributable to the 

fact that, in work settings, people may use a technology or system even if they do not have a 

positive attitude towards using it, because using the system can lead to enhanced productivity. 

One of the determinants of intentions under the theory of planned behaviour (TPB) is perceived 

behavioural control, which reflects the extent to which the behaviour is perceived to be under 

volitional control. Perceived behavioural control has been argued to indirectly affect behaviour, 

via intentions, and/or have a direct effect on behaviour (Ajzen, 1991; Ajzen & Madden, 1986).  

Drawing reference to the workplace setting of many organizations, this finding reflects the 

situation in which SCRM practitioners are required to use the system or technology regardless 

of their attitude towards it. This might be considered further where systems or technology are 

used in a mandated usage environment. A further point addressed in the literature is the issue 

of timing: measuring intention to use (IU) and actual use (AU) concurrently has been shown to 

be problematic. This will be explained in more detail in section 9.4.7. 

9.4.6. Stated Original Hypothesis: Construct A 

H8:  Attitude (A) will have a positive effect on intention to use (IU) supply chain risk 

management (SCRM) practices. 

➔ Supported 

Consistent with the original TAM, this study found that attitude (A) did have a positive effect 

on intention to use (IU) and is supported. H8 reflected values of β=0.550 and p≤0.001.  

Attitude (A) is considered a factor that determines behaviour. People can determine their 

attitudes to any object or any issue. Attitude refers mostly to the concept that it is at the 

individual’s disposal to react positively or negatively to a particular object, attitude, person, 

institution or event (Ajzen & Fishbein, 1975). Another argument is that attitude drives beliefs 
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(Sjöberg, 2000). While expressing their attitude towards an object, people sometimes deny both 

the probability of attributes that would speak against the attitude and the value of these 

attributes. 

Attitude is primarily stimulated by the cognitive consistency theories (Wicker, 1969). The 

attitude concept was described by Allport (1954, p. 451) as “the primary building stone in the 

edifice of social psychology,” and the extensive attitude literature in the past 20 years supports 

this argument.  

This study supports the view proposed by Ajzen and Fishbein (1975, 1977, 2005); Fishbein 

and Ajzen (1977, 2005) that an individual’s attitudes towards an object play an important role 

in influencing their subsequent behaviour.  

9.4.7. Stated Original Hypothesis: Construct Intention to Use (IU) 

H9:  Intention to use (IU) will have a positive effect on actual use (AU) of supply 

chain risk management (SCRM) practices. 

➔ Not supported 

This study found that intention to use (IU) did not have a positive effect on actual use (AU) 

and is not supported. H9 reflected values of β=0.076 and p≤0.360. 

Studies that measured actual behaviour usually measured them at the same time that the 

predictor variables were measured (Adams et al., 1992; Al-Gahtani & King, 1999; Igbaria, 

Parasuraman, & Baroudi, 1996; Levine & Donitsa-Schmidt, 1998) or in cross-sectional 

analysis (Evaristo & Karahanna-Evaristo, 1993). 

Two problems are associated with measuring intention and behaviour at the same time. The 

first is that, when people complete questionnaires comprising measures of intention and self-

reported behaviour, psychological influences ensure strong correlation between the measures. 

Self-perception theory (Bem, 1967) supports the view that an individual’s perception of their 

usage behaviour could be induced from their perception of their intention, and vice versa. 

Cognitive dissonance theory (Festinger, 1962) suggests there is a strong correlation between 

intention and behaviour, because of the tendency for individuals to avoid psychological 

discomfort that regularly accompanies discrepant feelings and/or thoughts. 
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Measuring intention and behaviour at the same time is further problematic, as the second 

problem states that it does not reflect a true test of the model’s power to predict behaviour in 

the future; instead, it is somewhat a test of the model’s power to predict current behaviour. 

Predicting future behaviour is more challenging, due to the time interval between the intention 

and the behaviour, during which unforeseen events or other factors may disturb the relationship 

(Ajzen & Fishbein, 1980). Longitudinal designs are rare (Brosnan, 1999; Szajna, 1996), and 

none appear to have been conducted for a predominantly SCRM mandatory context, which 

could be a direction for future research. 

This view is substantiated by the TPB view that intention and behaviour should be measured 

in different time periods to predict the influencing power of intention (present) on future 

behaviour (future). In this sequence, future behaviour is considered as the potential dependent 

variable, whereas past behaviour is viewed as the control variable to the intention and the 

perceived behavioural control. Previous studies often cited intention to use as the measurement 

of the actual behaviour because the latter was either not available or not measured at all, so 

intention to use acted as a proxy for actual behaviour.  

In this study, the aim was to evaluate the findings for actual system use, which is the 

determinant to actual behaviour, so the use of the constructs intention to use (IU) and actual 

use (AU) could possibly be combined in future research. The underlying assumption is that 

intention and behaviour are only somewhat positively correlated, and this correlation might 

potentially diminish as the time gap increases. Ajzen (2015) documented:  

Events occurring between assessment of intentions and observation of behaviour can 

produce changes in intentions and unanticipated obstacles can prevent people from 

carrying out their intentions. (Ajzen, 2015, p. 2)  

In other words, unmediated links between prior and later behaviour can bypass intentions. 

Findings from this study support prediction of behaviour from intentions: as a general guidance, 

when people are not under complete volitional control, the correlations between intentions and 

behaviour are rather low (Ajzen, 2005). 
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9.5. Additional New Relationship Paths 

Two new relationship paths were found following the defined and explained SEM-AMOS 

re-specification processes. The new hypotheses are provided and explained in below. 

9.5.1. New Hypothesis: Construct Management Support (MS) 

new H10: Management support (MS) will have a positive effect on actual use (AU) of 

supply chain risk management (SCRM) practices. 

➔ Supported (new) 

The new additional relationship resulting from the SEM-AMOS model re-specification process 

(explained in section 8.4) relates to management support (MS) and actual use (AU). This 

relationship path was not found in TAM or TRA but was established, verified and explained in 

the model-building process. Not only does the corresponding data from this study reveal this 

direct link, but also theoretical evidence and support is found for this relationship link. 

Contrary to the assumption of TAM that the remaining belief construct perceived usefulness 

(PU) fully mediates the influence of external variables on usage behaviours, this study found 

that management support (MS) has a significant positive strong effect on actual use (AU) of 

SCRM practices, with values of β=0.568 and p≤0.001. This reflects the newly formulated 

hypothesis H10. The support for this link testified that management support (MS) exerts a 

significant direct effect on practitioners’ actual use (AU) of SCRM practices, in addition to 

their indirect effects. 

Although human factors such as beliefs, attitudes, intentions and behaviours all stem from the 

psychological and behavioural domain, the relationship between the management support (MS) 

construct and the actual use (AU) construct established in this study can possibly be explained 

by referring to the network theory of social influence. The network theory relates to 

interpersonal influence in a group (Friedkin, 2001, 2010; Friedkin & Johnsen, 2003). To further 

understand the effect of interpersonal (management support) influence on the usage of SCRM 

practices, it is noted here that Fishbein and Ajzen (2010) stressed the importance of social 

environment as a determinant of human action. As proposed by Simon (1981), and supported 

by Simon (1980) and Simon, Houghton and Aquino (2000):  
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A man, viewed as a behaving system, is quite simple. The apparent complexity of his 

behaviour over time is largely a reflection of the complexity of the environment in 

which he finds himself. (Simon, 1981, p. 65) 

As a caveat, the workplace setting of business organizations is a network setting that enables 

individuals to draw on the organization’s human resources to support the effective functioning 

of the business. With this understanding, the direct influence of management support on 

practitioners’ SCRM usage patterns is valid, based on the argument by Fishbein and Ajzen 

(2010, p. 251) that “people’s behaviour and various outcomes indicators can vary greatly as a 

function of the social environment”. 

When a behaviour is carried out, it can result in unanticipated positive or negative 

consequences, elicit favourable or unfavourable reactions from others, and reveal unanticipated 

difficulties or facilitating factors. This feedback is likely to change the person’s behavioural, 

normative and control beliefs and thus affect their future intentions and actions (Ajzen & 

Fishbein, 2010, p. 218).  

In social networks (including business settings) where resources (people) work, the underlying 

motivation from a company perspective (capitalist view) is that the outcome of actions they 

conduct are generating certain expected returns or resulting in surplus values (e.g. earnings). 

Other forms of returns exist and are discussed elsewhere. The question to raise is: why do 

embedded resources (people) in social networks (teams, departments, interlinks in 

organizations) enhance the outcomes of actions? Several reasons can be brought forward; some 

essential reasons are summarized here. Firstly, social networks facilitate the flow of 

information. Secondly, social ties may exert influence on decision-making and the combined 

or shared stock of individual and group know-how and knowledge. Thirdly, social ties may 

enhance individual and group social and cultural interactions, which are as well expected to 

reinforce identity and recognition of individuals or the group as a whole (Lin, 1999). 

In essence, the identified new relationship path—in which management support (MS) has a 

positive effect on actual use (AU) of SCRM practices—can be validated from a statistical 

perspective and, concurrently, from evidence and support that exists based on the network 

theory and common or general understandings.  
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A further relationship path has been found, explained below. 

9.5.2. New Hypothesis: Construct Perceived Risk of Catastrophic Events (PRCE) 

new H11: Perceived risk of catastrophic events (PRCE) will have a positive effect on 

actual use (AU) of supply chain risk management (SCRM) practices. 

➔ Supported (new) 

This study found that perceived risk of catastrophic events (PRCE) did have a positive effect 

on actual use (AU) and is supported. The newly formulated H11 reflected values of β=0.261 

and p≤0.001. 

It should be borne in mind that the cognitive processes for making decisions about risky 

activities is a very difficult undertaking. Peter and Ryan (1976) defined ‘perceived risk’ as a 

kind of subjective expected loss, and Featherman and Pavlou (2003) defined it as the possible 

loss when pursuing a desired result. Cunningham (1967) noted that perceived risk consisted of 

the size of the potential loss (i.e. that which is at stake) if the results of the act were not 

favourable and the individual’s subjective feelings of certainty that the results will not be 

favourable. 

Risk management focuses around processes of communication, mitigation and decision-

making. But risk analysis is as well a scientific undertaking, and public perception of risk also 

plays a role in risk analysis, bringing issues of values, process, power and trust into the picture 

(Slovic, 1999). 

Weber (2001) reviewed three approaches to the study of risk perception: the axiomatic 

measurement paradigm, the socio-cultural paradigm and the psychometric paradigm. Studies 

within the axiomatic measurement paradigm focus on objective risk information (e.g. mortality 

rates or financial losses, and their likelihood of occurrence), in ways that reflect the impact that 

these events have on people’s lives. The socio-cultural paradigm examines the effect of group- 

and culture-level variables on risk perception. Research within the psychometric paradigm 

focuses on emotional reactions to risky situations that affect judgments of the riskiness of 

physical, environmental and material risks in ways that go beyond their objective consequences.  
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Important works from the psychometric paradigm use a number of quantitative measures for a 

wide array of psychological, social, institutional and cultural factors to quantify such factors 

(Slovic, 1992). The development of psychometric work may be traced in three main phases. 

Initial work on the acceptability of risk indicated that most risks could be readily located by 

individuals within a two-dimensional factor space. The dimensions are concerned, on the one 

hand, with dread (the extent to which the consequences of the risk provoke fear) and familiarity 

(the extent to which the risk is seen to be known and controllable or, alternatively, simply 

uncertain) (Rohrmann & Chen, 1999; Rohrmann & Renn, 2000). It assumes: 

… risk is subjectively defined by individuals who may be influenced by a wide array 

of psychological, social, institutional and cultural factors … many of these factors and 

their interrelationships can be quantified and modelled in order to illuminate the 

responses of individuals and their societies to the hazards that confront them. (Slovic, 

2001, p. 23).  

It is sometimes distinguished from the cognitive rational actor approach as dealing with 

“expressed preference”, against the “revealed preferences” of the dominant economic 

perspective (Slovic, 2001, p. 22). 

However, it would be misleading to assume that risk perception mirrors the measured level of 

risk revealed through risk assessment. Rohrmann demonstrated that many hazards were 

perceived as either more perilous or less severe than epidemiological data would suggest. The 

“man-made disasters model” (Turner, 1978) argued that accidents often “stem from an 

incubation of latent errors and events which are at odds with the culturally taken-for-granted, 

accompanied by a collective failure of organizational intelligence” (Pidgeon & O’Leary, 2000, 

p. 15). 

The positive aspects of experience, emotion, intuition and subcultural processes have also 

attracted attention as factors that enable people to act reasonably in situations of high 

uncertainty (Böhle, 2004; Slovic, 1999).  

Further behavioural influence was examined by Kahneman and Tversky (1973) and Tversky 

and Kahneman (1973), who describe the essence of their view for the availability heuristic as 

follows:  
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In making predictions and judgments under uncertainty, people do not appear to follow 

the calculus of chance or the statistical theory of prediction. Instead, they rely on a 

limited number of heuristics which sometimes yield reasonable judgments and 

sometimes lead to severe and systematic errors. (Kahneman, 1973, p. 237) 

In other words, people using the availability heuristic judge an event as likely or frequent if 

occurrences or cases of it are easy to imagine or recall. Because frequently occurring events 

are generally easier to imagine and recall than rare events, availability is often an appropriate 

prompt. However, the availability heuristic is also affected by numerous factors unrelated to 

frequency of occurrence. For example, a recent disaster or a vivid film could seriously bias risk 

judgments. 

Even so, attitudes were usually found to be very poor predictors of actual behaviour, and many 

social psychologists began to worry about the utility of the attitude construct (Blumer, 1955; 

Campbell, 1963; Deutscher, 1966; Festinger, 1964). In a provocative and highly influential 

review of this literature, Wicker (1969) called attention to the inconsistency between attitudes 

and behaviour and essentially called for abandoning the attitude construct. After conducting 

his review of relevant studies, he reached the following conclusion regarding the strength of 

the attitude–behaviour relation:  

Taken as a whole, these studies suggest that it is considerably more likely that attitudes 

will be unrelated or only slightly related to overt behaviours than that attitudes will be 

closely related to actions. (Wicker, 1969, p. 65) 

Rohrmann’s findings were that: “Often judgments are more negative for technology-induced 

than for natural hazards, and involuntary than self-chosen (controllable) risk exposure”. 

(Rohrmann, 2008, p. 3)  

9.6. Chapter Summary 

Both practitioners and researchers have a strong interest in understanding why and what 

influences people to accept or reject use of a particular technology (in this case, SCRM). This 

kind of work is done to deepen the knowledge of the influencing factors in order to improve 

the establishment of methods for designing, evaluating, implementing, supporting and 
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enhancing SCRM practices. In this study, an integrative model for SCRM was established, 

based on the evaluated and supported hypotheses. Two distinctive new paths stemmed from 

the proposed conceptual model:  

• perceived risk of catastrophic events (PRCE) will have a positive effect on actual use 

(AU) of SCRM practices 

• management support (MS) will have a strong positive effect on actual use (AU) of 

SCRM practices. 

By establishing the final model, which is theoretically founded and has been empirically 

validated, the current research has achieved the objective of making a contribution to fill a 

knowledge gap in the understanding of the influence of human factors on SCRM practices. In 

the subsequent concluding chapter, the research questions are reviewed, and the results 

discussed in detail. The significance and limitations of the study will also be highlighted, 

combined with possible directions for future research. 
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10. Conclusion 

10.1. Introduction 

This chapter begins with a review of the research objective defined in Chapter 1. Next, 

arguments are brought forward for the significance of the study findings. The generalizability 

of the study findings is then discussed, as well as the study’s contributions to theory and 

managerial implications. This is followed by highlighting the limitations of this study and 

providing suggestions for future research. Finally, concluding remarks are given. 

Figure 44: Schematic overview of conclusion study chapter 

The four research questions were addressed sequentially—from the literature review, to the 

validation of the theoretical foundation, to the established conceptual model. Also discussed 

was the formulation of the research questionnaire, its validation via the conduct of a pilot study, 

which included data collection, feedback from the reviewers, and refinement and improvement 

from the evaluated results. This led to the established final questionnaire, the data collection 

and the data analysis of the structural model using verified structural equation modelling (SEM) 

techniques. Through the assessment of the constructs, the interpretation of the data the 

construct analysis, important factors and dimensions were identified and validated. The 

structural models from the SEM procedures identified and measured critical direct and indirect 

relationship paths. Hypothesis testing was conducted to develop the final framework for the 

study. The framework confirmed and validated the significant paths of the constructs: level of 

understanding (LOU), management support (MS), perceived risk of catastrophic events 

(PRCE), perceived usefulness (PU), attitude (A), intention to use (IU) and actual use (AU). 

The final framework identified seven variables and 20 dimensions that were responsible for the 

realization of specific relationship paths in the final established model. 

The principal contribution of this study is the development of the final model framework to 

help researchers and managers gain better insight into the influencing factors and motives of 

SCRM practices. From a pedagogical perspective, it is considered that this research can add 
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value in the classroom by demonstrating how relationships correlate and how SCRM practices 

are structured and affected, which in turn can help to better understand how they can be 

managed. Finally, this dissertation also provides significant contributions to future research, 

particularly in the area of further enhancing SCRM practices and related knowledge. 

10.2. Revisiting the Study Objectives 

A review of the study objectives, in view of the research findings and the discussion of the 

results presented in the previous two chapters, as well as the relevance of the research 

implications in fulfilling the research objective, is presented in this section.  

The objective of this research was to study SCRM practices in Singapore’s manufacturing 

companies and transport and logistics companies.  

Four research questions were formulated, discussed below. 

10.2.1. Research Question 1: What Are Supply Chain Risk Management (SCRM) 

Practices in Singapore Companies? 

Regulatory requirements in Singapore demand from boards for listed companies’ information 

on internal controls addressing financial, operational and compliance risks. Under this code, 

the boards are obliged to take responsibility for the governance of risk and the maintenance of 

a sound system of risk management.  This entails, among other things, the determination of the 

nature and extent of the significant risks that the board is willing to take in achieving its 

strategic objectives. Specifically, boards should determine the company’s levels of risk 

tolerance and risk policies, and oversee management in the design, implementation and 

monitoring of the risk management and internal control systems. 

The study revealed that the respondents’ selected reasons for conducting risk management 

activities mostly stemmed from “Operational requirements such as production, quality, cost 

cutting etc.” and “Legal, compliance or social responsibility and ethics requirements”. Not 

surprisingly, although they are prominent in Asia but not in Singapore, low-frequency, high-

impact events, such as the “Threat of natural or man-made catastrophic events”, appear to be 

very low on the agenda of supply chain risk managers. 
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The study further revealed that the most frequent activity that respondents undertook or 

intended to undertake to increase the resilience of their supply chain for their organization was 

to “Improve collaboration with suppliers & partners”, followed by “Improve demand 

forecasting and strengthen business continuity planning” and “Conduct regular risk audits of 

key suppliers”.  

10.2.2. Research Question 2: How Did Level of Understanding (LOU) and 

Management Support (MS) Influence Supply Chain Risk Management 

(SCRM) Practices in Singapore Companies? 

Level of understanding (LOU) had the same degree of importance to all respondents, regardless 

of their age, gender, education level or position in the company. As the relationship paths 

revealed, the level of understanding (LOU) of SCRM practitioners had a positive effect on 

perceived usefulness (PU) of SCRM practices. Level of understanding (LOU) also had a 

positive effect on perceived risk of catastrophic events (PRCE) with regard to SCRM practices. 

Management support (MS) had the same degree of importance to all respondents, regardless of 

their age, gender, education level and position in the company. As the relationship paths 

revealed, management support (MS) had a positive effect on perceived usefulness (PU) of 

SCRM practices. However, management support (MS) did not have a positive effect on the 

perceived risk of catastrophic events (PRCE) with regard to SCRM practices—a positive 

direction exists, but it not was found to be particularly strong. 

The relationship between management support (MS) and actual use (AU) was not found in the 

technology acceptance model (TAM) or theory of reasoned action (TRA) but was established 

based on the verified and explained model-building process. This study revealed a direct link, 

which is supported by theoretical evidence. 

10.2.3. Research Question 3: How Did Perceived Risk of Catastrophic Events 

(PRCE) Impact Supply Chain Risk Management (SCRM) Practices in 

Singapore Companies? 

The construct perceived risk of catastrophic events (PRCE) did not have a significant effect on 

perceived usefulness (PU) in this study. Although the relationship exists, the effects are weak. 
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The study did not reveal that perceived risk of catastrophic events (PRCE) had a significant 

effect on attitude (A). However, perceived risk of catastrophic events (PRCE) was found to 

have a positive effect on actual use (AU). 

10.2.4. Research Question 4: What Newly Identified and Tested Relationship 

Paths Exist? 

The study identified two new relationship paths. The first related to management support (MS) 

and actual use (AU). A possible explanation was provided through the network theory, which 

relates to interpersonal influence in a group (Friedkin, 2001, 2010; Friedkin & Johnsen, 2003). 

Fishbein and Ajzen (2010) stressed the importance of social environment as a determinant of 

human action. 

The second new relationship path related to perceived risk of catastrophic events (PRCE) and 

actual use (AU). A possible explanation for the risk perception might stem from the axiomatic 

measurement paradigm, the socio-cultural paradigm, and the psychometric paradigm. 

Rohrmann (2008) suggested that many hazards were perceived as either more perilous or less 

severe than epidemiological data would suggest. Taken as a whole, these studies suggest that 

it is considerably more likely that attitudes will be unrelated or only slightly related to overt 

behaviours than that attitudes will be closely related to actions. 

10.3. Significance of Study Findings 

This study set out to improve the understanding of SCRM practitioners’ beliefs, attitudes and 

behaviour with respect to SCRM practices. This study contributes to the existing knowledge 

and literature in several ways. As a starting point, the study built upon the work of Davis (1986) 

on the effects of user beliefs as the fundamental determinants of system acceptance. TAM, 

developed by Davis, has served as a popular theoretical model for numerous studies in the 

information systems (IS) and related domains; however, only limited TAM studies have been 

conducted beyond these boundaries. The attempt made in this research to apply TAM to 

understand SCRM practitioners’ perceptions has validated the relevance and applicability of 

TAM in predicting system usage in non-IS environments. 

Since its inception, TAM has evolved. Lee et al. (2003) identified four periods of progression: 

introduction, validation, elaboration and extension. The current study contributes to TAM by 
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means of model elaboration and diversification, by taking it beyond the boundaries of IS in its 

application to a non-IS setting.  

Rawstorne et al. (2000) noted that many prior studies using TAM and TRA focused on the 

determinants of intentions to use an IS; as a consequence, they were not able to validate their 

models in respect of the prediction of actual behaviour. Similarly, many studies using TAM 

define either behavioural intention or usage as the dependent variable (Gefen & Straub, 2000), 

but seldom have both been used jointly where the latter is the dependent variable. The 

shortcomings of such measures, due to timing gaps between intentions and actual use, have 

been highlighted in this study.  

Drawing upon an endogenous view of the behaviours of SCRM practitioners, this research 

makes further theoretical contributions to the SCRM domain. The identified theoretical model, 

reflecting some key constructs, namely: level of understanding (LOU), management support 

(MS) and perceived risk of catastrophic events (PRCE) (in terms of human factors) deemed 

crucial to SCRM, is one contribution. Table 44 lists the computed values for the developed 

structural model C. Figure 27 lists the paths directions and its strengths for the developed 

structural model C. They are summarized here: a significant direct effect from intention to use 

(IU) towards actual use (AU) was not verifiable from the development of the final structural 

model C. Perceived ease of use (PEOU) was found not to be significant. Level of understanding 

(LOU) and management support (MS) were found not to be completely independent due to the 

significant covariance (0,44). Actual use (AU) was directly influenced from management 

support (MS), “new H10” (0,568). Level of understanding (LOU) was indirectly influencing 

over perceived risk of catastrophic events (PRCE) towards actual use (AU), “H1c“ (LOU > 

PRCE; 0,664) and “new H11” (PRCE > AU; 0,261). In comparison to management support 

(MS) is the strength from perceived risk of catastrophic events (PRCE) towards actual use (AU) 

weak (0,568 and 0,261). For intention to use (IU) there were no direct effects from level of 

understanding (LOU) and management support (MS) verifiable. Confirmed was the indirect 

effect from level of understanding (LOU) and management support (MS) over perceived 

usefulness (PU) and attitude (A) towards intention to use (IU) (“H1b“ ; “H2b“). Perceived risk 

of catastrophic events (PRCE) towards intention to use (IU) was only playing a subordinate 

role. The weak indirect effect over perceived usefulness (PU) (“H3“; 0,229) was found to be 

not significant. There was no direct effect from perceived risk of catastrophic events (PRCE) 

towards intention to use (IU) verifiable. 
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The resultant validated theoretical model adds to the current limited pool of academically 

grounded models in the SCRM domain. Besides focusing on the internal beliefs, intentions and 

behaviours of SCRM practitioners, this study has also, through its findings and reported results, 

clearly shown the value of the constructs level of understanding (LOU) of SCRM influences, 

perceived usefulness (PU) and perceived risk of catastrophic events (PRCE). The direct 

relationship between perceived risk of catastrophic events (PRCE) and actual use (AU) 

(demand for risk reduction) was also revealed. The construct management support (MS) was 

revealed to be a very strong determinant for actual use (AU) of SCRM practices. This is, 

perhaps, not very surprising once it has been pointed out; nevertheless, conclusions from risk 

perception research and other SCRM-related research have not always pointed to this 

conclusively. 

Hence, a further contribution of this study in the SCRM context stems from the undertaking of 

the initial step to further understand human components as part of a holistic approach to 

comprehend how SCRM works. There is perhaps no agenda for this field of more importance 

than obtaining a deeper understanding of the behavioural and cognitive forces shaping systems 

and processes and its implications for the design of appropriate management tools and practices 

for SCRM. To this end, this research also serves as an input to contribute to the development 

of strategies to further enhance SCRM and direct possible future research directions. 

The generalization of the study findings is presented in the next section. 

10.3.1. Generalization of the Study Findings 

As with most research, the question of generalizability looms over this study. The fact that the 

research was conducted as a cross-sectional self-reported study in Singapore in the 

manufacturing sector and the transport and storage sector may give rise to concerns around 

whether the research findings are valid for application to different geographical locations in 

equivalent sectors (manufacturing and transport & logistics). Therefore, it is appropriate to 

address here the possible concerns regarding the generalizability of results. The limitations of 

this study and future research directions are further elaborated in section 10.4. 

SCRM is not a country-specific or location-specific activity; yet it applies in different forms 

and to different extents in organizations operating in the manufacturing sector and the transport 

and storage sector globally (research shows that other sectors do also utilize SCRM globally). 

The processes of SCRM support organizations of any size to manage their business effectively. 
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This process does not differ drastically from one organization to another, except for the 

individual choices made. This is because organizations—whether they are in Asia, the Middle 

East, Europe, the USA or any other part of the world—follow universally common principles. 

This might be with the exception that locations that have previously experienced, or are more 

prone to experiencing, catastrophic events might have different levels of preparedness in place, 

or practitioners there might have a certain level of self-experience to call upon. As natural 

catastrophic events are absent from many different locations, it is viewed that the experiences 

reported in this study are not unique to Singapore. Furthermore, supply chains today are often 

arranged to operate not just in a specific country but at least regionally or globally; this is often 

the case for Singapore companies, too, due to its scarce domestic market and availability of 

land. 

Singapore has not only transformed over the last decade to a first-world economy that is a 

choice for global players in many different fields but also provides excellent research settings, 

often bridging the gap between academia and industry in terms of research and development. 

This includes the technology domains of manufacturing or advanced manufacturing, 

engineering, and transport and storage, among others. 

The World Bank ranked Singapore as the No. 1 Logistics Hub in Asia in the 2014 Logistics 

Performance Index (LPI) and in 2016 as No. 5 on the global LPI, which allows for comparisons 

across 160 countries in their performance on trade logistics (World Bank, 2018). Singapore 

attracts and retains investments by utilizing its strategic location in the heart of South-East 

Asia, close to major growth countries in Asia and at the nexus of major shipping lanes. This 

has made it an important logistics hub and conduit for world trade. Major logistics firms from 

across the globe are found there, with 20 of the top 25 global logistics players conducting 

operations in Singapore. With its presence of leading global logistics players, world-class 

infrastructure, excellent global connectivity and other direct and non-direct benefits, Singapore 

is the preferred logistics and supply chain management hub for leading manufacturers across 

many different industries. 

Manufacturing forms a key engine of the Singapore economy, accounting for some 20–30% of 

Singapore’s gross domestic product (GDP). The key industry of precision engineering is a core 

enabler for many industries, such as those dealing in complex equipment, marine equipment, 

aerospace equipment, oil and gas, and medical devices. Singapore accounts for about 10% of 

global output for refrigeration compressors, 30% of global output for hearing aids, and about 
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70% of wire bonders used in the semiconductor industry. The excellent precision engineering 

capabilities in Singapore have attracted nine of the top 10 wafer fabrication equipment 

companies to procure significantly from local suppliers. The country has developed a strong 

domestic regulatory framework to protect intellectual property rights. It is currently rated the 

best place in Asia and fourth in the world for intellectual property rights protection in the 

Global Competitiveness Report 2015–2016 (World Economic Forum). It established itself as 

the leading location in the region for the production of oil and gas equipment, as well as 

aerospace maintenance repair and overhaul. Its manufacturing sector is made up of some 

several thousand companies, ranging from small to medium enterprises (SMEs) to large 

multinational corporations (MNCs). Singapore relies on and maintains a large portion of 

foreign talent in its key sectors ((EDB) (2017). 

The evidence provided in this section shows that Singapore’s economic setting and similar 

model to business environments is comparable to other industrialized countries. SCRM 

practices in general are not country-specific or location-specific activities. However, there are 

many location specific considerations to take into account. This includes but is not limited to: 

the political and government environment, the country specific economic stability, the level of 

industrialization, the exposure to extreme weather or catastrophic events, environmental risks, 

its connectivity... this is apart from location specific influences of human behaviours. For this 

study, it is reasonable to infer that the result, which is representative at a country level, can be 

generalized at an international level in other industrialized countries. 

10.3.2. Theoretical Contributions 

As Renn (2008) pointed out, risk assessment is confronted with three major challenges that can 

be best labelled using the terms ‘complexity’, ‘uncertainty’ and ‘ambiguity’. These three 

challenges are not related to the intrinsic characteristics of hazards or risks themselves but to 

the state and quality of knowledge available about the risks. It further has to be considered that 

it is individuals (human beings) who assess, quantify and manage risks, which in turn will be 

to some extent influenced by the circumstances they are operating in and are exposed to, 

including social, cultural and other physiological aspects. 

This suggests that the complexity of the level of perceived risk may be advocated and further 

guided by policymakers, since it is highly unlikely that reactions from individuals or the public 
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at large are equipped evaluate the effects of potentially catastrophic events and fatalities, 

compared with minor or trivial risks. Various studies have shown that people tend to ignore 

some hazards with very serious consequences yet small probabilities; in other words, events 

that are very unlikely or very remote are often downplayed or viewed differently regardless of 

their consequences (Kunreuther, 1976). Slovic, Fischhoff, Lichtenstein, and Roe (1981); and 

Slovic and Peters (2006) labelled these kinds of risks as “out of sight, out of mind”. In some 

situations, failure to appreciate the limits of the available data may silence people into 

complacency. These characteristics include the degree to which risks are considered voluntary, 

controllable, known to science, known to those exposed, familiar, dreaded, certain to be fatal, 

catastrophic and immediately manifested. In addition, demand for risk reduction is hard to 

explain by factors beyond severity of consequences, and even then, much remains to be 

understood about this important dimension (Drottz-Sjöberg, 1991). 

This study has clearly shown, via the development and validation of its established model, that 

level of understanding (LOU) is an important ingredient in the assessment of perceived 

usefulness (PU) of a system and the assessment of perceived catastrophic events (PRCE). 

Furthermore, it has been made visible through this study that management support (MS) is of 

utmost relevance for actual use (AU) of SCRM practices. The established model builds a 

starting point for a framework and provides guidance for the development of a comprehensive 

theoretical assessment to develop and put in place management strategies for SCRM practices. 

The study reveals how risk-related decision-making is made, as shown by the respondents’ 

choices. Interactive exchange of information and communication concerning risk and risk 

management practices are distinct components of the overall risk management process. The 

inclusion of knowledge elements and enhancing the level of understanding are parameters of 

particular importance. Although understanding risks themselves is of importance to decision-

making, so too is managerial ideology (Peters, Waterman, & Jones, 1982), risk assessment and 

risk management (Crouch & Wilson, 1982), shown by the increasing interest in this field and 

the further analysis of SCRM. 

The theoretical contributions from this study are also related to the TAM model elaboration 

and diversification approaches. Since its inception TAM did not maintain or was rigorously 

fixed in its original form over all the years. Instead TAM did ceaselessly evolve over time. 

Many TAM replication studies were conducted to show that results were consistent. TAM was 

also compared with its origins with the TRA and TPB and found to have advantages over both 
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models (much simpler, easier to use), while maintaining sufficient explanatory power in 

comparison to trade-offs by adding complexity (e.g. adding 7 more variables for the 

decomposed TPB). The model elaboration/diversification efforts for this study can be 

described as: "the attempt to further develop extended versions of TAM studies, to enhance a 

better/wider understanding of causal relationships amongst factors in the selected field of 

study". In order to do so, external variables were introduced, namely: level of understanding 

(LOU), management support (MS) and perceived risk of catastrophic events (PRCE), and the 

model was applied to the field of study SCRM (outside its original domain). The model 

diversification approach follows the view that rather substantial than incremental changes will 

help the evolutionary extension of the well-researched TAM model, to evaluate its boundaries 

by introducing and applying it to different environments (fields of research), systems, tasks and 

subjects.  

Findings for this study were that the original TAM model applied for SCRM provides a good 

basis to further extend the identified model. In other words, the application of TAM outside its 

original IS usage (as in other studies) did not reveal implausible results in the field of SCRM. 

With the introduced external variables new findings have been revealed. As in previous studies 

the controversially discussed construct perceived ease of use (PEOU) was found to be not 

significant for this study (as it was for studies in the IS environment). Attitude (A) as in the 

original TAM was found to be influenced by perceived usefulness (PU).  In addition, the new 

identified relationship of management support (MS) strongly influences actual usage (AU). 

The level of understanding (LOU) was indirectly influencing over perceived risk of 

catastrophic events (PRCE) the construct actual use (AU). It was further confirmed, that both 

constructs, level of understanding (LOU) and management support (MS) influence indirectly 

over the construct perceived usefulness (PU) the construct attitude (A) and intention to use (IU). 

The findings could be on one hand tested back in the IS environment to substantiate or 

verify/falsify its existence or expanded further for studies in the field of SCRM. It is believed, 

that the efforts undertaken for this study helped in the field of SCRM to delineate determinants, 

thus advanced the original TAM, laying the foundation for further research.  
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10.3.3. Managerial Implications 

The increasing concern about systemic risks to modern society is visible today. New risks 

emerge and the complexity and global interconnectedness and inter-dependency of supply 

chain participants makes the daunting task of risk management a particular challenge.  

The developed conceptual framework also contributes to managerial practice in several 

important ways. It suggests that it is important for organizations to recognize and continuously 

enhance situational understanding so that practitioners have significant and broad experience 

in exercising their duties efficiently and effectively. It is essential to provide relevant data, draw 

on past learnings, and use appropriate systems, technology, tools and techniques which support 

practitioners’ decision-making processes are essential. This is to the benefit of the individual 

to make informed decisions and to the organization to steer them towards established goals and 

directions. Organizations should facilitate supply chain transparency across the full supply 

chain and implement interaction among supply chain participants. The needed encouragement, 

regular review and guidance from management form an essential part of these endeavours. 

This study suggests the importance of maintaining a high level of management support, even 

though in the cause of risk management actions the immediate benefits of such actions are not 

always visible upfront. The engagement and continued engagement of relevant stakeholders in 

the process of identifying, assessing, addressing, managing and reporting in organizations is 

the communication and continued learning process surrounding risk management practices. 

Such processes are not new in organizations and can be extended to the complex field of risk 

management.  

Less complex risk problems are possibly addressed and managed using routine-based strategies, 

which draw on traditional decision-making instruments, best practice and, over time, trial and 

error and gained experience. For very complex and highly uncertain risk problems, it is helpful 

to distinguish the strategies required to deal with different risk sources from those directed at 

the risk-absorbing system. Complex risks are thus usefully addressed on the basis of risk-

informed and robustness-focused strategies, while uncertain risks are better managed using 

precaution-based and resilience-focused strategies. 
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Possible outcomes with very low probabilities seem often to be ignored, regardless of their 

potential significance. Where low probability is combined with high consequence, as in the 

case of unexpected major disasters or catastrophic events (natural or man-made), applying the 

practice of downplaying, excluding or ignoring such low-probability events from 

considerations are leaving organizations potentially surprised and unprepared. Surely not all 

low-probability and high-consequence possible events can be reasonably considered by most 

organizations; however, classifying, preparing and being aware of them is a first important step 

for organizations.  

10.4. Limitations and Directions for Future Research 

This research makes important theoretical and empirical contributions to the literature on 

SCRM. Despite the theoretical contributions and managerial implications arising from this 

modest study, there are bound to be limitations associated with the conduct of this research, as 

with any empirical study. The identified limitations are outlined in this section, which at the 

same time provides guidance for future research activities.  

The validity of the implied causal ordering of pathways in the final conceptual framework is 

limited by the cross-sectional nature of the research design. The conduct of longitudinal studies 

would enable stronger inferences to be made about the directions of the causal sequencing of 

model constructs. In addition, as with any cross-sectional research design, it only captured a 

snapshot in time of an evolving and essentially dynamic process of SCRM. 

The study did not incorporate features from quality improvements systems or programs such 

as total quality management (TQM), six sigma and others, which might as well entail 

contributing factors for enhanced system improvements in relation to SCRM practices. 

The study did not specifically evaluate the impact on system use in mandatory versus voluntary 

settings, which potentially could reveal further insights on technology use and SCRM practices. 

Future studies could evaluate if there are differences in SCRM practices found under 

mandatory system use versus voluntary system use.  

This study was conducted in Singapore. The geographical widening from a developed South-

East Asia location to extrapolate to other regions could be included in future research to address 

the potential impact of differences in other developed or non-developed regions. This could 

entail the assessment of variations, views and reactions of different geographical locations, 
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populations, races and impacts of the sensibilities with respect to broadened aspects, such as to 

environmental pollutants, lifestyle factors, stress levels and other impacts influencing SCRM 

practices. 

This study did in its literature review examine the different regulatory environments SCRM 

operates in. In future studies, research could be conducted to evaluate the impact on decision-

making style or influence on risk management practices under different socio-political or 

regulated industries or cultures.  

Undoubtedly, risk assessment methods have matured over time and are becoming sophisticated 

and powerful tools in coping with possible harm of human actions or natural events (Morgan, 

1990). Risk management and its worldwide application, however, in dealing with and 

managing risks, is far from reflecting this degree of power and professionalism. At the same 

time, new challenges in the risk management field are emerging that need to be addressed by 

the risk assessment communities involving all stakeholders.  

While this research has endeavoured to develop a rigorous and widely applicable framework 

in the area of SCRM, the researcher acknowledges its limitations. These limitations provide 

platforms for future research. It is hoped that future research efforts will address these 

limitations. 

10.5. Concluding Remarks 

The establishment and validation of the model developed in this study was built on an extensive 

review of the literature, important inputs and considerations from subject matter experts, 

all-embracing contributions from academia and businesses, and the implementation of rigorous 

scientific steps and processes, as well as the highly valuable contributions made by external 

reviewers and faculty members.  

It is noted that TAM is not the end point or the only model for evaluating the introduction of 

technology. As with all models, TAM has its limitations. As previously pointed out, its 

application is more frequently applied to measure behavioural intention to use a particular 

technology than for measuring actual use (Turner, Kitchenham, Brereton, Charters, & Budgen, 

2010). Further, as Dyba, Moe, and Arisholm (2005) pointed out, it is important to be aware 

that TAM does not measure the benefits of using a technology. Technology is usually 
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advocated in order to improve working practices in some way (e.g. by increasing productivity, 

quality or timeliness of products and services). Thus, measures of technology usage (subjective 

or objective) are themselves surrogates for measures of technology value.  

It should be further noted that SCRM, or risk management in general, does not eliminate risk 

but provides a platform for managing risks to business enterprises in order to minimize threats, 

maximize opportunities and optimize achievement of objectives (Gray and Larson, 2006; 

Hillson and Murray-Webster, 2004;  Pearce and Robinson, 2000; Rejda, 2011). 

Supply chains typically include multiple partners, with services and sourcing managed across 

several organizations and in jurisdictions around the world. It is no surprise that risks to supply 

chains are often ranked among the highest risks that many organizations face. In some 

industries, such as in the manufacturing sector and the transport and logistics sector, the 

complex web of third-party entities involved in providing components, subcomponents and 

services can seem overwhelming. As stressed by Colicchia and Strozzi (2012), operational 

risks are not the only type existing along a supply chain, since uncertainty of the business 

environment and the complexity of supply chains increase the probability of any sort of 

disruption along the chain. In this context, it is also important to note that the ever-growing list 

of regulatory compliance requirements impact on the entire supply chain, and these changes 

can rapidly create huge challenges for even the most experienced managers responsible for 

addressing corporate risk. 

Failure in even a seemingly non-critical part of the supply chain can have huge ramifications, 

not only to the immediate financial performance of the company but also to corporate image 

and reputation. In response, many organizations are increasing their use of third-party suppliers 

in the execution of key strategic imperatives. In many cases, these sourcing and offshoring 

activities are becoming more extensive and sophisticated to capture the next level of service 

delivery, processing efficiency and cost savings. 

Globalization is making supply chains increasingly vulnerable to various risks. Effective 

management is essential to prevent minor and major risks from occurring at strategic, tactical 

and operational levels. The risks faced by companies in their supply chains range from natural 

disasters to new regulations to political upheavals, financial issues and operational breaches. 

Views and processes have to be established in any risk strategy, which must protect not just 
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assets but also the company image, brand reputation and service levels. In implementing 

effective risk management, it is important on the one hand to understand which risks have the 

highest probability, but also the risk of low-probability events that have great impact or 

financial consequences. As such, continuous review of SCRM is essential to ensure that 

policies and procedures are in line with current conditions and to identify possible better 

approaches to handle them. 

Further, effective SCRM requires giving people the resources they need to effectively respond 

to risk and to develop the expertise to employ those resources. One final takeaway: For any 

risk mitigation effort to be effective, it must be incorporated into strategic and day-to-day 

supply chain operations. That will not happen without the understanding and support of 

employees and company leaders. 
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Appendix A Pilot Study Questionnaire 

Supply Chain Risk Management Questionnaire 

Dear Participant: 

I am a Ph.D. student of the University of Canberra, (Australia), studying in Singapore. For my 

research thesis I am examining Supply Chain Risk Management (SCRM) practices in 

Singapore Companies. I am inviting you to participate in this research study by completing the 

attached questionnaire. The questionnaire will require approximately 10-15 minutes to 

complete. 

Purpose of this research: 

The purpose of this research is to empirically analyze and quantitatively test hypothesis, 

through a cross sectional, self-administered survey questionnaire as data collection, to 

investigate Supply Chain Risk Management (SCRM) practices in Singapore companies. 

Confidentiality: 

This research is conducted on an anonymous basis and returned questionnaires will not be 

identifiable in any form. In order to ensure that all information will remain confidential, please 

do not include your name or your organizations name in this survey. 

Concerns / complaints: 

If you have any concerns or complaints about the ethical conduct of this research you may 

contact the University Human Research Ethics Committee: 

humanethicscommittee@canberra.edu.au 

Approved Project number: 15-159 

Participant’s benefits: 

There is no compensation associated responding to this research, however participants can 

request for a copy of the summary report of the research findings. The request can be addressed 

to following email: u3109899@uni.canberra.edu.au  the report will be e-mailed to you once 

finalized. 

THANK YOU VERY MUCH FOR YOUR PARTICIPATION – IT IS HIGHLY 

VALUABLE FOR THIS STUDY AND GREATLY APPRECIATED 

mailto:humanethicscommittee@canberra.edu.au
mailto:u3109899@uni.canberra.edu.au
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Section A: Supply Chain Risk Management Questionnaire 

 

Please read each statement carefully. For Question 1 to 31, please circle the number that best 

represents your response. For example: 7 indicate that you strongly agree with the statement 

and 1 indicates that you strongly disagree with the statement. If you neither agree nor 

disagree, mark your response as 4 for “Neither”. 

  Agree 

Neither 

Disagree 

  Strongly Quite Slightly Slightly Quite Strongly 

1. 

I am fully aware of tools 

and techniques available 

for effective supply chain 

risk management. 

7 6 5 4 3 2 1 

2. 
Overall, I find supply 
chain risk management 
practices useful in my job. 

7 6 5 4 3 2 1 

3. 

Supply chain risk 
management practices 
allow me to undertake 
complex supply chain 
decisions more quickly 
and efficiently. 

7 6 5 4 3 2 1 

4. 

I am very positive and 
supportive applying 
supply chain risk 
management practices in 
my company. 

7 6 5 4 3 2 1 

5. 

Overall, I find supply 
chain risk management 
tools and techniques 
easy to use. 

7 6 5 4 3 2 1 

6. 

I intend to use supply 
chain risk management 
tools and techniques on a 
regular basis. 

7 6 5 4 3 2 1 

7. 

I want to increase the 
frequency of supply chain 
risk assessments and 
audits. 

7 6 5 4 3 2 1 

8. 
Using supply chain risk 
management tools and 
techniques is a wise idea. 

7 6 5 4 3 2 1 

9. 
My organization provides 
risk management training 
to our supply chain team. 

7 6 5 4 3 2 1 

10. 

I know how to relate 
supply chain risk 
management tools and 
techniques to my 
company processes and 
decision making. 

7 6 5 4 3 2 1 

11. 

My organization has a 
department or individuals 
entirely dedicated to 
supply chain risk 
management. 

7 6 5 4 3 2 1 

12. 
I regard the 
establishment of an 
ongoing supplier 

7 6 5 4 3 2 1 
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assessment and the 
development of supply 
chain risk mitigation 
strategies as important. 

  Agree 

Neither 

Disagree 

    

  Strongly Quite Slightly Slightly Quite Strongly 

13. 

I intend to appoint internal 

or external staff to formally 

map and rank our supply 

chain risks. 

7 6 5 4 3 2 1 

14. 

I am very concerned 
about the threats of man-
made or natural 
catastrophic events 
impacting our supply 
chain. 

7 6 5 4 3 2 1 

15. 

The top management 

(Managing Director or 

equivalent) acknowledges 

the contributions and 

encourage individuals or 

teams, which establish or 

enhance supply chain risk 

management practices in 

our organization. 

7 6 5 4 3 2 1 

16. 

Using supply chain risk 

management tools and 

techniques is a pleasant 

experience. 

7 6 5 4 3 2 1 

17. 

Management team 

meetings are frequently 

organized to reflect on 

actions on supply chain 

risks. 

7 6 5 4 3 2 1 

18. 

I record details of supply 
chain disruptions and the 
actions that have been put 
in place to mitigate or 
avoid future incidents. 

7 6 5 4 3 2 1 

19. 

I find formal documented 
techniques of supply chain 
risk management 
procedures rather simple 
to implement and use. 

7 6 5 4 3 2 1 

20. 

I view the resilience and 
adaptability of our supply 
chain as very high, 
therefore there will be 
minimal to no effect of 
man-made or natural 
catastrophic events to it. 

7 6 5 4 3 2 1 

21. 

Using supply chain risk 
management tools and 
techniques improves the 
quality of work I do. 

7 6 5 4 3 2 1 

22. 

My focus is on operational 
risk management, 
upstream and downstream 
the supply chain. Macro 

7 6 5 4 3 2 1 
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environment risks (risks 
from natural or man-made 
catastrophic events) are 
not a concern or focus. 

  Agree 

Neither 

Disagree 

  Strongly Quite Slightly Slightly Quite Strongly 

23. 

Risks from man-made or 
natural catastrophic 
events are considered 
insignificant to our supply 
chain. 

7 6 5 4 3 2 1 

24. 

My organization provides 
regular supply chain risk 
management reports to 
our Executive 
Management / 
Headquarter or Board 
level. 

7 6 5 4 3 2 1 

25. 

To which extend you 
agree that over the past 3-
5 years the most important 
risks in terms of supply 
chain disruption are 
following a - e: (rank all, a 
- e) 

       

a. 

Demand Side Risks: 
Unanticipated or very 
volatile customer demand.  
Insufficient or distorted 
information from your 
customers about orders or 
demand quantities. 

7 6 5 4 3 2 1 

b. 

Supply Side Risks: 
Poor logistics performance 
of suppliers or logistics 
providers (delivery 
dependability, order fill 
capacity). Supplier quality 
problems. Sudden default 
of a supplier (e.g., due to 
insolvency). 
Capacity fluctuations or 
shortages on the supply 
markets. 

7 6 5 4 3 2 1 

c. 

Regulatory, Legal and 
Bureaucratic Risk: 
Changes in the political 
environment due to the 
introduction of new laws, 
regulations, stipulations, 
or administrative barriers 
for the setup or operation 
of supply chains (e.g., 
authorizations). 

7 6 5 4 3 2 1 

d. 

Infrastructure Risks: 
Downtime or loss of own 
production capacity due to 
local or regional 
disruptions (e.g., labor 
strike, fire, explosion, 
industrial accidents). 
Perturbation or breakdown 
of internal or external IT 
infrastructure (e.g., 

7 6 5 4 3 2 1 
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computer viruses, 
software bugs, IT 
hardware failures). Loss of 
own production capacity 
due to technical reasons 
(e.g., machine 
deterioration). 

e. 

Catastrophic Risks: 
Political instability, war, 
civil unrest or other socio-
political crises. Diseases 
or epidemics (e.g., SARS, 
Foot and Mouth Disease). 
Natural or man-made 
disasters (e.g., 
earthquake, flooding, 
extreme climate, tsunami, 
terror attacks). 

7 6 5 4 3 2 1 

26. 

Using supply chain risk 
management procedures 
does not require a lot of 
my mental effort. 

7 6 5 4 3 2 1 

27. 

I intend to use supply 
chain risk management 
tools and techniques in my 
organization. 

7 6 5 4 3 2 1 

28. 

It would be easy for me to 
become proficient 
applying supply chain risk 
management tools and 
techniques. 

7 6 5 4 3 2 1 

  Agree 

Neither 

Disagree 

  Strongly Quite Slightly Slightly Quite Strongly 

29. 

Supply chain risk 
management practices 
support important aspects 
of my job. 

7 6 5 4 3 2 1 

30. 

Do you agree that listed 
instruments or tools (a – 
g), are frequently used by 
you for your supply chain 
risk management 
practices? (rank all: a – g) 

       

a. Financial modelling 7 6 5 4 3 2 1 

b. 
Supply chain operational 
or worst-case modelling 

7 6 5 4 3 2 1 

c. 
Approach questioning 
Standing (e.g., “What if?") 

7 6 5 4 3 2 1 

d. 
Mapping of internal and 
external processes (Value 
Stream Mapping) 

7 6 5 4 3 2 1 

e. 
FMEA (Failure Mode and 
Effects Analysis) 

7 6 5 4 3 2 1 

f. 
Ishikawa's Diagram, 
Brainstorming 

7 6 5 4 3 2 1 

g. 
PDCA (Plan, Do, Check, 
Act), 6σ (6 Sigma, 
permanent improvement) 

7 6 5 4 3 2 1 

31. 
I would rate my usage 
pattern of supply chain 

7 6 5 4 3 2 1 
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risk management 
practices as frequent. 

         

Section B: Company Information 

 

1. Business Sector (Please tick “✓” one) 

 
 

  Manufacturing   
Professional, Scientific and 

Technical Activities 

 

  
Transportation & 

Storage 
  

Others (please specify):   

………………………. 

 

Please state the Singapore Standard Industrial Classification Code of your 

Organization:______________ 

 

2. Company size by number of employees (Please tick “✓” one) 

 

  
Less than 50 

 
 Between 151 to 300 

 

  Between 50 to 150  More than 300 

3. Please tick “✓” at least one (1), but not more than two (2) main reasons for doing risk 

management within your organization. 

  
Legal, regulatory or compliance 

requirements 
 

Corporate social responsibility and ethics 

requirements 

 

  Requirements from shareholders  
Threat of natural or man-made 

catastrophic events 

 

  
Requirements from company 

headquarters 
 Pressure from customers or market 

 

  
Operational requirements such as 

production, quality, cost cutting etc. 
 Others (please specify): …………… 

 

4. Which of the following activities you will undertake or currently working on to increase the 

resilience of your supply chain for your organization?  Please tick “✓” at least one (1), but not 

more than three (3) 
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Improve collaboration with suppliers 

and partners 
 

Strengthen business 

continuity planning 

 

 

  
Shift from single to multiple supplier 

base 
 

Implementing formal 

“mapping” of supply 

chain 

 

  
Conduct regular risk audits of key 

suppliers 
 

Pressure from customers 

or market 

     

  Improve demand forecasting  Centralize distribution 

     

  Creation of supply chain risk register  
Reduce number of 

suppliers 

     

  Increase inventory levels  Decentralize distribution 

     

  Increase number of suppliers  
Reduce in-bound lead 

times 

     

  
Introduce supply chain event 

management system 
 

Increase production 

capacity levels 

     

  
Nothing— supply chain resilience is not 

a concern 
 

Others (please specify): 

………….. 

Section C: About You 

 

 1. My position in the company 

 

  

C-level 

Executive / 

MD 

(CEO, CFO, 

COO, CRO 

etc.) 

 

Department 

Head / Head 

of supply 

chain / 

procurement 

etc. 

 

Management 

level / Supply 

Chain 

Manager/ 

Procurement 

Manager etc. 

 

Middle Management / 

Procurement Officer /  

Supply Chain Officer 

etc. 

 

 

2. How much experience do you have in supply chain risk management? 

 

  Less than 3 years  Between 7 to 10 years 

 

  Between 3 to 6 years  More than 10 years 
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3. Gender 

 

  Female  Male 

 

 

4. Age 

 

  Below 30  30 - 39  40 -49  50 and above 

 

 

5. Highest education level 

 

  
 ‘A’ Level and 

below 
 Diploma  Degree  

Master’s 

degree 

and above 

 

THANK YOU VERY MUCH FOR YOUR PARTICIPATION – IT IS HIGHLY 

VALUABLE FOR THIS STUDY AND GREATLY APPRECIATED 

Please return the completed questionnaire in the enclosed postage paid envelope 
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Appendix B Changes and Modifications from Pilot Study 

Error! Reference source not found.For the construct level of understanding (LOU) the red h

ighlighted scale item was removed, as it fell below the specified factor loading minimum 

threshold of ± 0.40. 

Table 48: Level of understanding (LOU) 

 

For the construct management support (MS) the red highlighted scale item was removed in 

order to limit the questionnaire length to a manageable level, even though the specified 

minimum threshold of factor loading of ± 0.40 was reached for this scale item. 

Table 49: Management support (MS) 

 

For the construct perceived risk of catastrophic events (PRCE), the red highlighted scale item 

was removed, as it fell below the specified factor loading minimum threshold of ± 0.40. The 

orange highlighted question was reversed so as to have a positive scale for all items in the 

study. 

Table 50: Perceived risk of catastrophic event (PRCE) 

 

For the construct perceived ease of use (PEOU) of SCRM, the red highlighted scale item was 

removed, as it fell below the specified factor loading minimum threshold of ± 0.40. 

Table 51: Perceived ease of use (PEOU) of SCRM  

Within Block Factor Analysis for Level of Understanding of SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

I know how to relate supply chain risk management tools and techniques to my company processes and 

decision making.

10 LOU-3 0.909865756 0.650541396

I am fully aware of tools and techniques available for effective supply chain risk management. 1 LOU-1 0.68712105

I record details of supply chain disruptions and the actions that have been put in place to mitigate or avoid 

future incidents.

18 LOU-4 0.466476024

I regard the establishment of an ongoing supplier assessment and the development of supply chain risk 

mitigation strategies as important.

12 LOU-2 0.249219326

Level of 

Understan

ding of 

SCRM

Within Block Factor Analysis for Management Support for SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

Management team meetings are frequently organized to reflect on actions on supply chain risks. 17 MS-3 0.83356898 0.78061235

The top management acknowledges the contributions and encourage individuals or teams, which establish or 

enhance supply chain risk management practices in our organization.

15 MS-4 0.769775489

My organization provides risk management training to our supply chain team. 9 MS-2 0.683884037

My organization has a department or individuals entirely dedicated to supply chain risk management. 11 MS-1 0.559323449

Managem

ent 

Support 

for 

SCRM

Within Block Factor Analysis for Perceived Risk of Catastrophic Event Question # 

Pilot study

Item Factor Cronbach's 

Alpha

Risks from man-made or natural catastrophic events are considered insignificant to our supply chain. 23 PRCE-4 0.859244968 0.321003282

My focus is on operational risk management, upstream and downstream the supply chain. Macro environment 

risks (risks from natural or man-made catastrophic events) are not a concern or focus.

22 PRCE-3 0.8445082

I am very concerned about the threats of man-made or natural catastrophic events impacting our supply 

chain.

14 PRCE-1 -0.473234671

I view the resilience and adaptability of our supply chain as very high, therefore there will be minimal to no 

effect of man-made or natural catastrophic events to it.

20 PRCE-2 0.160362539

Perceived 

Risk of 

Catastrop

hic Event
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For the construct perceived usefulness (PU) of SCRM, the red highlighted scale item was 

removed in order to limit the length of the questionnaire to a manageable level, even though 

the specified factor loading minimum threshold of ± 0.40 was reached for this scale item. 

Table 52: Perceived usefulness (PU) of SCRM  

 

For the construct attitude (A) towards using SCRM, the red highlighted scale items were 

perceived differently by the participants than the rest of the items in the same construct. All the 

questions starting with “most important” were removed, even though they yielded relatively 

high loadings (except one item), above the specified factor loading minimum threshold of ± 

0.40. A further reason for removal was to limit the length of the questionnaire to a manageable 

level. 

Table 53: Attitude (A) towards using SCRM  

 

For the construct intention to use (IU) SCRM, the red highlighted scale item was removed in 

order to limit the length of the questionnaire length to a manageable level, even though the 

specified factor loading minimum threshold of ± 0.40 was reached for this scale item. 

Table 54: Intention to use (IU) SCRM 

 

 

Within Block Factor Analysis for Perceived Ease of Use of SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

I find supply chain risk management tools and techniques easy to use. 5 PEOU-1 0.903844363 0.544994566

It would be easy for me to become proficient applying supply chain risk management tools and techniques. 28 PEOU-3 0.579165003

I find formal documented techniques of supply chain risk management procedures rather simple to implement 

and use.

19 PEOU-2 0.522119756

Using supply chain risk management procedures does not require a lot of my mental effort. 26 PEOU-4 0.203049404

Perceived 

Ease of 

Use of 

SCRM

Within Block Factor Analysis for Perceived Usefulness of SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

Supply chain risk management practices allow me to undertake complex supply chain decisions more quickly 

and efficiently.

3 PU-1 0.80496523 0.700516205

I find supply chain risk management practices useful in my job. 2 PU-4 0.720476349

Using supply chain risk management tools and techniques improves the quality of work I do. 21 PU-2 0.468922914

Supply chain risk management practices support important aspects of my job. 29 PU-3 0.438101319

Perceived 

Usefulnes

s of 

SCRM

Attitude towards using SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

Most important risks in terms of supply chain disruption over past 3-5 years: Infrastructure risks 25d A-4 0.744011897 0.589379315

Most important risks in terms of supply chain disruption over past 3-5 years: Catastrophic risks 25e A-4 0.688350454

Most important risks in terms of supply chain disruption over past 3-5 years: Regulatory, legal, bureaucratic 

risks

25c A-4 0.492915156

Most important risks in terms of supply chain disruption over past 3-5 years: Supply side risks 25b A-4 0.456318645

Using supply chain risk management tools and techniques is a pleasant experience. 16 A-2 0.223770917

Most important risks in terms of supply chain disruption over past 3-5 years: Demand side risks 25a A-4 0.189061091

Using supply chain risk management tools and techniques is a wise idea. 8 A-1 -0.156485958

I am very positive and supportive applying supply chain risk management practices in my company. 4 A-3 -0.03949544

Attitude 

towards 

using 

SCRM

Intention to Use SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

I intend to use supply chain risk management tools and techniques in my organization. 27 IU-1 0.763456129 0.770057408

I intend to use supply chain risk management tools and techniques on a regular basis. 6 IU-3 0.763160864

I want to increase the frequency of supply chain risk assessments and audits. 7 IU-2 0.603453662

I intend to appoint internal or external staff to formally map and rank our supply chain risks. 13 IU-4 0.601564118

 Intention 

to Use 

SCRM
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For the construct actual use (AU) of SCRM, the orange highlighted scale items were combined 

into one question in order to limit the length of the questionnaire to a manageable level. 

Table 55: Actual use (AU) of SCRM 

  

The retained questions are recalculated for each construct, details of the recalculation are listed 

in the following tables below for the within block factor analysis. 

Actual Use of SCRM Question # 

Pilot study

Item Factor Cronbach's 

Alpha

Instruments or tools frequently used for your supply chain risk management practices: Mapping of internal 

and external processes

30d AU-2 0.794674659 0.849209164

Instruments or tools frequently used for your supply chain risk management practices: Supply chain 

operational or worst case modelling

30b AU-2 0.69709486

Instruments or tools frequently used for your supply chain risk management practices: PDCA (Plan, Do, 

Check, Act), 6 Sigma

30g AU-2 0.691095556

Instruments or tools frequently used for your supply chain risk management practices: FMEA (Failure Mode 

and Effects Analysis)

30e AU-2 0.668860906

Instruments or tools frequently used for your supply chain risk management practices: Approach questioning 

standing

30c AU-2 0.645748394

I would rate my usage pattern of supply chain risk management practices as frequent. 31 AU-3 0.592729843

Instruments or tools frequently used for your supply chain risk management practices: Financial modelling 30a AU-2 0.53032235

Instruments or tools frequently used for your supply chain risk management practices: Ishikawa's Diagram, 

brainstorming

30f AU-2 0.517238497

My organization provides regular supply chain risk management reports to our Executive Management / 

Headquarter or Board level.

24 AU-1 0.504735963

Actual 

Use of 

SCRM
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Table 56: Within-block factor analysis for level of understanding (LOU) 

 

Table 57: Within-block factor analysis for management support (MS) 

 

Table 58: Within-block factor analysis for perceived risk of catastrophic events (PRCE) 

 

Table 59: Within-block factor analysis for perceived ease of use (PEOU) 

 

Table 60: Within-block factor analysis for perceived usefulness (PU) 

 

Table 61: Within-block factor analysis for attitude (A) towards using 

 

Table 62: Within-block factor analysis for intention to use (IU) 

 

Table 63: Within-block factor analysis for actual use (AU) 

 

 

Within Block Factor Analysis for Level of Understanding of SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

I know how to relate supply chain risk management tools and techniques to my company processes and decision making. 10 LOU-3 0.844 0.707

I am fully aware of tools and techniques available for effective supply chain risk management. 1 LOU-1 0.758

I record details of supply chain disruptions and the actions that have been put in place to mitigate or avoid future incidents. 18 LOU-4 0.456

Level of 

Understa

nding of 

Within Block Factor Analysis for Management Support for SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

Management team meetings are frequently organized to reflect on actions on supply chain risks. 17 MS-3 0.86 0.8

The top management acknowledges the contributions and encourage individuals or teams, which establish or enhance supply chain risk 

management practices in our organization.

15 MS-4 0.791

My organization provides risk management training to our supply chain team. 9 MS-2 0.637

Managem

ent 

Support

Within Block Factor Analysis for Perceived Risk of Catastrophic Event Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

My focus is on operational risk management, upstream and downstream the supply chain. Macro environment risks (risks from natural or 

man-made catastrophic events) are not a concern or focus.

22 PRCE-3 0.841 0.76

Risks from man-made or natural catastrophic events are considered insignificant to our supply chain. 23 PRCE-4 0.826

My organizations supply chain is very robust against man-made or natural catastrophic events. 14 PRCE-1 0.517

Perceived 

Risk of 

Catastrop

hic 

Within Block Factor Analysis for Perceived Ease of Use of SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

I find supply chain risk management tools and techniques easy to use. 5 PEOU-1 0.821 0.69

It would be easy for me to become proficient applying supply chain risk management tools and techniques. 28 PEOU-3 0.593

I find formal documented techniques of supply chain risk management procedures rather simple to implement and use. 19 PEOU-2 0.589

Perceived 

Risk of 

Use

Within Block Factor Analysis for Perceived Usefulness of SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

Supply chain risk management practices allow me to undertake complex supply chain decisions more quickly and efficiently. 3 PU-1 0.817 0.691

I find supply chain risk management practices useful in my job. 2 PU-4 0.772

Using supply chain risk management tools and techniques improves the quality of work I do. 21 PU-2 0.399

Perceived 

Usefulnes

s

Attitude towards using SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

Using supply chain risk management tools and techniques is a wise idea. 8 A-1 0.859 0.679

I am very positive and supportive applying supply chain risk management practices in my company. 4 A-3 0.742

Using supply chain risk management tools and techniques is a pleasant experience. 16 A-2 0.401

Attitude 

towards 

using 

Intention to Use SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

I intend to use supply chain risk management tools and techniques on a regular basis. 6 IU-3 0.795 0.751

I intend to use supply chain risk management tools and techniques in my organization. 27 IU-1 0.714

I want to increase the frequency of supply chain risk assessments and audits. 7 IU-2 0.623

Intention 

to Use 

SCRM

Actual Use of SCRM Question # 

Pilot study

Construct Factor Cronbach's 

Alpha

I would rate my usage pattern of supply chain risk management practices as frequent. 31 AU-3 0.703 0.691

My organization provides regular supply chain risk management reports to our Executive Management / Headquarter or Board level. 24 AU-1 0.669

I am using instruments or tools (such as: FMEA, 6 sigma, worst case modelling, mapping of internal and external processes) for supply 

chain risk management.

30 AU-2 0.62

Actual 

Use of 

SCRM
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Appendix C Main Study Questionnaire 

Supply Chain Risk Management 
Questionnaire 
 
Dear Participant: 

I am a Ph.D. student studying in Singapore with the University of Canberra, Australia. For my 
research thesis, I am examining Supply Chain Risk Management (SCRM) practices in 
Singapore Companies. I am inviting you to participate in this research study by completing the 
attached questionnaire. The questionnaire will require approximately 8 - 10 minutes to 
complete. Please return page 1-3 of the filled up questionnaire in the postage paid envelope 
no later than 20th December 2015.  

Alternatively, if you prefer to complete the questionnaire as softcopy (excel-file), you can send 
your request by email to: u3109899@uni.canberra.edu.au 

Purpose of this research: 

The purpose of this research is to investigate Supply Chain Risk Management (SCRM) 
practices in Singapore companies, by empirically analyzing and quantitatively testing 
hypothesis, through a cross sectional, self-administered questionnaire as data collection. This 
study intends to contribute and enrich the existing body of knowledge in the field of SCRM in 
both academia and practice. Such knowledge can help supply chain and logistics 
professionals, risk managers, policy makers or others dealing with SCRM, to gain further 
insights of the current status and help to analyze the management of business risks associated 
with supply chains.  

Confidentiality: 

This research is conducted on an anonymous basis and returned questionnaires will not be 
identifiable in any form. In order to ensure that all information will remain confidential, please 
do not include your name or your organization’s name in this questionnaire.  

Concerns / complaints: 

If you have any concerns or complaints about the ethical conduct of this research you may 
contact the University Human Research Ethics Committee at: 
humanethicscommittee@canberra.edu.au 
Approved Project number: 15 – 159. 

Participant’s benefits: 

There is no compensation associated responding to this research. However, participants can 
request for a summary report of the research findings by sending an email to: 
u3109899@uni.canberra.edu.au . The report will be e-mailed to you once finalized. 

Definitions: Supply Chain Management (SCM) / Supply Chain Risk Management (SCRM): 

The management of supply chain networks and its risks, upstream and downstream for value-
added flows of materials (raw materials, semi-finished or final goods), services and finances, 
including the transportation, storage and related information flows among suppliers, channel 
partners, intermediaries, third-party service providers, resellers and the company, from source 
to final customers or consumers. 

 

THANK YOU VERY MUCH FOR YOUR PARTICIPATION – YOUR RESPONSE IS HIGHLY 
VALUABLE FOR THIS STUDY AND GREATLY APPRECIATED 

mailto:u3109899@uni.canberra.edu.au
mailto:humanethicscommittee@canberra.edu.au
mailto:u3109899@uni.canberra.edu.au
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Section A: Supply Chain Risk Management Questionnaire 

Please read each statement carefully. For questions 1 to 24, please circle the number that best represents 
your response. For example: 7 indicate that you strongly agree with the statement and 1 indicates that you 
strongly disagree with the statement. If you neither agree nor disagree, mark your response as 4 for “Neither”. 

  Agree 

Neither 

Disagree 

  Strongly Quite Slightly Slightly Quite Strongly 

1. 

I am fully aware of tools and 

techniques available for effective 

supply chain risk management. 

7 6 5 4 3 2 1 

2. 

Overall, I find supply chain risk 
management practices useful in my 
job. 

7 6 5 4 3 2 1 

3. 

Supply chain risk management 
practices allow me to undertake 
complex supply chain decisions more 
quickly and efficiently. 

7 6 5 4 3 2 1 

4. 

I am very positive and supportive 
applying supply chain risk 
management practices in my 
company. 

7 6 5 4 3 2 1 

5. 

Overall, I find supply chain risk 
management tools and techniques 
easy to use. 

7 6 5 4 3 2 1 

6. 

I intend to use supply chain risk 
management tools and techniques on 
a regular basis. 

7 6 5 4 3 2 1 

7. 

I want to increase the frequency of 
supply chain risk assessments and 
audits. 

7 6 5 4 3 2 1 

8. 
Using supply chain risk management 
tools and techniques is a wise idea. 

7 6 5 4 3 2 1 

9. 

My organization provides risk 
management training to our supply 
chain team. 

7 6 5 4 3 2 1 

10. 

I know how to relate supply chain risk 
management tools and techniques to 
my company processes and decision 
making. 

7 6 5 4 3 2 1 

11. 

The top management (Managing 

Director or equivalent) acknowledges 

the contributions and encourage 

individuals or teams, which establish 

or enhance supply chain risk 

management practices in our 

organization. 

7 6 5 4 3 2 1 

12. 

Using supply chain risk management 

tools and techniques is a pleasant 

experience. 

7 6 5 4 3 2 1 

13. 

Management team meetings are 

frequently organized to reflect on 

actions on supply chain risks. 

7 6 5 4 3 2 1 
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14. 

I record details of supply chain 
disruptions and the actions that have 
been put in place to mitigate or avoid 
future incidents. 

7 6 5 4 3 2 1 

15. 

I find formal documented techniques of 
supply chain risk management 
procedures rather simple to implement 
and use. 

7 6 5 4 3 2 1 

16. 

My organizations supply chain is very 
robust against man-made or natural 
catastrophic events. 

7 6 5 4 3 2 1 

        Please continue overleaf at page 2 ➔ 

  
Agree 

Neither 

Disagree 

  
Strongly Quite Slightly Slightly Quite Strongly 

17. 

Using supply chain risk management 
tools and techniques improves the 
quality of work I do. 

7 6 5 4 3 2 1 

18. 

My focus is on operational risk 
management, upstream and 
downstream the supply chain. Macro 
environment risks (risks from natural or 
man-made catastrophic events) are 
not a concern or focus. 

7 6 5 4 3 2 1 

19. 

Risks from man-made or natural 
catastrophic events are considered 
insignificant to our supply chain. 

7 6 5 4 3 2 1 

20. 

My organization provides regular 
supply chain risk management reports 
to our Executive Management / 
Headquarter or Board level. 

7 6 5 4 3 2 1 

21. 

I intend to use supply chain risk 
management tools and techniques in 
my organization. 

7 6 5 4 3 2 1 

22. 

It would be easy for me to become 
proficient applying supply chain risk 
management tools and techniques. 

7 6 5 4 3 2 1 

23. 

I am using instruments or tools (such 
as: FMEA, 6 Sigma, worst case 
modelling, mapping of internal and 
external processes) for supply chain 
risk management 

7 6 5 4 3 2 1 

24. 

I would rate my usage pattern of 
supply chain risk management 
practices as frequent. 

7 6 5 4 3 2 1 

Section B: Company Information 

 

1. Business Sector (Please tick “✓” one) 
 

  Manufacturing  
Professional, Scientific and Technical 
Activities 

 

  Transportation & Storage  Others (please specify): ……………………. 
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2. Company size by number of employees (Please tick “✓” one) 
 

  Less than 50  Between 151 to 300 

 

  Between 50 to 150  More than 300 

 

3. Please tick “✓” at least one (1), but not more than two (2) main reasons for doing risk management 
within your organization.  

 

  Legal, compliance or social responsibility and 
ethics requirements 

 Threat of natural or man-made 
catastrophic events 

 

  Requirements from company headquarters or 
shareholders 

 
Pressure from customers or market 

 

  Operational requirements such as production, 
quality, cost cutting etc. 

 
Others (please specify): …………… 

Please continue at page 3➔ 
 
 

4. Which of the following activities you will undertake or currently working on to increase the 
resilience of your supply chain for your organization? Please tick “✓” at least one (1), but not more 
than three (3) 

 

  Improve collaboration with suppliers & partners  
Nothing - supply chain resilience is 
not a concern 

 

  Increase or reduce number of suppliers  
Implementing formal “mapping” of 

supply chain 
 

  Conduct regular risk audits of key suppliers  Pressure from customers or market 

     

  
Improve demand forecasting and strengthen 
business continuity planning 

 Centralize or decentralize distribution 

     

  Increase production capacity or inventory levels  Reduce in-bound lead times 

     

  
Introduce supply chain event management 
system 

 Others (please specify): ………….. 

 

Section C: About You 

 

 1. My position in the company 

  
C-level Executive / MD 
(CEO, CFO, COO, CRO etc.) 

 
Department Head: Head of Supply Chain /  
Procurement / Sourcing / Logistics etc. 

 

  
Manager Level: Manager, Supply Chain / 
Procurement / Sourcing / Logistics etc. 

 
Middle Management Level: Officer, 
Procurement /  
Sourcing / Logistics etc. 

 

2. How much experience do you have in supply chain risk management? 

  Less than 3 years  3 to 6 years  7 to 10 years  
More than 10 
years 
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3. Gender 

  Female  Male 

 

4. Age 

  Below 30  30 - 39  40 - 49  
50 and 
above 

 

5. Highest education level 

  ‘A’ Level and below  Diploma  Degree  
Master’s 
degree and 
above 

THANK YOU VERY MUCH FOR YOUR PARTICIPATION – YOUR RESPONSE IS HIGHLY 
VALUABLE FOR THIS STUDY AND GREATLY APPRECIATED 

Please return page 1-3 of the completed questionnaire in the enclosed postage paid 
envelope 
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Appendix D Additional Nonresponse Bias Computations 

Additional to the computations provided in section 8.1.3, a chi-square test was conducted and graphs 

produced to further investigate nonresponse bias for this study. The results revealed that nonresponse 

bias is not significant and therefore is likely low or minimal for this study. The computation results 

and graphs are presented below in Table 64 to Table 70 and Figure 45 to Figure 51. 

Table 64: Computation for business sector early/late response cross-tabulation 

 

Business sector * Early/Late Response Cross tabulation 

% within Early/Late Response 

  
Early/Late Response 

Total 
Early Late 

Business sector 

Manufacturing 69.6% 74.1% 71.9% 

Transportation & 
storage 

27.8% 23.5% 25.6% 

Others 2.5% 2.5% 2.5% 

Total 100.0% 100.0% 100.0% 

     

Chi-Square Tests  

  Value df 
Asymptotic 
Significance 

(2-sided) 

 

Pearson Chi-Square ,412a 2.000 n.s.  

Likelihood Ratio 0.412 2.000 n.s.  

Linear-by-Linear Association 0.224 1.000 n.s.  

N of Valid Cases 160      

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 3 

 

a. 2 cells (33,3%) have expected count less than 5. The minimum expected count is 
1,98. 
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Figure 45: Graphical display for business sector early/late response 

Table 65: Computation for position in the company early/late response cross-tabulation 

 

Position in the company * Early/Late Response Cross tabulation 

% within Early/Late Response 

  
Early/Late Response 

Total 
Early Late 

Position in the company 

C-level 15.2% 17.3% 16.3% 

Management level 44.3% 38.3% 41.3% 

Department head 16.5% 17.3% 16.9% 

Middle 
management/Procurement 
Officer/Supply Chain 
Officer 

24.1% 27.2% 25.6% 

Total 100.0% 100.0% 100.0% 

     

Chi-Square Tests  

  Value df 
Asymptotic 
Significance 

(2-sided) 

 

Pearson Chi-Square ,628a 3.000 n.s.  

Likelihood Ratio 0.628 3.000 n.s.  

Linear-by-Linear Association 0.090 1.000 n.s.  

N of Valid Cases 160.000      

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 3 

 

a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 12,84.  
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Figure 46: Graphical display for position in the company early/late response 

Table 66: Computation for gender early/late response cross-tabulation 

 

Gender * Early/Late Response Cross tabulation  

% within Early/Late Response  

  
Early/Late Response 

Total 
 

Early Late  

Gender 
Female 25.3% 19.8% 22.5%  

Male 74.7% 80.2% 77.5%  

Total 100.0% 100.0% 100.0%  

      

Chi-Square Tests 

  Value df 
Asymptotic 
Significance 

(2-sided) 

Exact Sig. 
(2-sided) 

Exact Sig. 
(1-sided) 

Pearson Chi-Square ,710a 1.000 n.s.     

Continuity Correctionb 0.427 1.000 n.s.     

Likelihood Ratio 0.711 1.000 n.s.     

Fisher's Exact Test       n.s. 0.257 

Linear-by-Linear Association 0.705 1.000 n.s.     

N of Valid Cases 160.000         

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 4 

a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 17,78. 

b. Computed only for a 2x2 table 
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Figure 47: Graphical display for gender early/late response 

Table 67: Computation for highest education level early/late response cross-tabulation 

 

Highest education level * Early/Late Response Cross tabulation 

% within Early/Late Response 

  
Early/Late Response 

Total 
Early Late 

Highest education level 

'A' level and below 7.6% 3.7% 5.6% 

Diploma 27.8% 30.9% 29.4% 

Degree 41.8% 40.7% 41.3% 

Master's degree and 
above 

22.8% 24.7% 23.8% 

Total 100.0% 100.0% 100.0% 

     

Chi-Square Tests  

  Value df 
Asymptotic 
Significance 

(2-sided) 

 

Pearson Chi-Square 1,272a 3.000 n.s.  

Likelihood Ratio 1.291 3.000 n.s.  

Linear-by-Linear Association 0.243 1.000 n.s.  

N of Valid Cases 160.000      

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 3 

 

a. 2 cells (25,0%) have expected count less than 5. The minimum expected count is 
4,44. 
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Figure 48: Graphical display for highest education level early/late response 

Table 68: Computation for company size by number of employees early/late response cross-tabulation 

 
Company size by number of employees * Early/Late Response Cross tabulation 

% within Early/Late Response 

  
Early/Late Response 

Total 
Early Late 

Company size by number of 
employees 

Less than 50 25.3% 19.8% 22.5% 

Between 50 to 150 48.1% 43.2% 45.6% 

Between 151 to 300 17.7% 21.0% 19.4% 

More than 300 8.9% 16.0% 12.5% 

Total 100.0% 100.0% 100.0% 
     

Chi-Square Tests  

  Value df 
Asymptotic 
Significance 

(2-sided) 

 

Pearson Chi-Square 2,633a 3 n.s.  

Likelihood Ratio 2.662 3 n.s.  

Linear-by-Linear Association 2.458 1 n.s.  

N of Valid Cases 160      

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 
3 

 

a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 
9,88. 
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Figure 49: Graphical display for company size by number of employees early/late response 

Table 69: Computation for years of experience in supply chain risk management early/late response cross-tabulation 

 
Years of experience in supply chain risk management * Early/Late Response Cross tabulation 

% within Early/Late Response 

  
Early/Late Response 

Total 
Early Late 

Years of experience in supply 
chain risk management 

Less than 3 years 15.2% 13.6% 14.4% 

Between 3 to 6 years 31.6% 29.6% 30.6% 

Between 7 to 10 
years 

32.9% 35.8% 34.4% 

More than 10 years 20.3% 21.0% 20.6% 

Total 100.0% 100.0% 100.0% 
     

Chi-Square Tests  

  Value df 
Asymptotic 
Significance 

(2-sided) 

 

Pearson Chi-Square ,233a 3 n.s.  

Likelihood Ratio .233 3 n.s.  

Linear-by-Linear Association .151 1 n.s.  

N of Valid Cases 160      

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 3 

 

a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 
11,36. 
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Figure 50: Graphical display for years of experience in supply chain risk management early/late response 

Table 70: Computation for age early/late response cross-tabulation 

 

Age * Early/Late Response Cross tabulation 

% within Early/Late Response 

  
Early/Late Response 

Total 
Early Late 

Age 

Below 30 years 11.4% 11.1% 11.3% 

30 - 39 years 30.4% 22.2% 26.3% 

40 - 49 years 40.5% 44.4% 42.5% 

50 years and above 17.7% 22.2% 20.0% 

Total 100.0% 100.0% 100.0% 

     

Chi-Square Tests  

  Value df 
Asymptotic 
Significance 

(2-sided) 

 

Pearson Chi-Square 1,568a 3 n.s.  

Likelihood Ratio 1.572 3 n.s.  

Linear-by-Linear Association .837 1 n.s.  

N of Valid Cases 160      

 
Censoring criterion: Asymptotic Significance (2-sided).  Number of values censored: 3 

 

a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 
8,89. 
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Figure 51: Graphical display for age early/late response 

As the asymptotic significance for the chi-square test (sig. 2-tailed) was non-significant, from these 

results it is possible to conclude that the respondents who participated in this study were distributed 

in a comparable manner and that nonresponse bias is likely to be low or minimal (Nir Menachemi et 

al., 2006). 
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Appendix E Additional Graphs for Survey Sections B + C 

Graphs are presented for the computed tables of the statistics reported in section 8.2.1. 

 

Figure 52: Graphical display of business sector 
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Figure 53: Graphical display of company size by number of employees 

 

 

Figure 54: Graphical Display for Main reasons doing risk management within your organization 
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Figure 55: Graphical display for activities you will undertake to increase the resilience of your supply chain 

 

 

 

Figure 56: Graphical display for position in the company 
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Figure 57: Graphical display for years of experience in supply chain risk management 

 

 

Figure 58: Graphical display for gender 
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Figure 59: Graphical display for age 

 

Figure 60: Graphical display for highest education level  
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Appendix F Table for Assessment of Normality 

Table 71: Mardia’s multivariate assessment of normality 

Variable skew c.r. kurtosis c.r. 

Q20 -0.082 -0.524 -0.206 -0.658 

Q23 -0.212 -1.354 -0.131 -0.419 

Q24 -0.024 -0.151 -0.596 -1.909 

Q21 -0.401 -2.565 0.041 0.131 

Q7 -0.179 -1.144 -0.257 -0.821 

Q6 -0.347 -2.223 -0.034 -0.109 

Q8 -0.302 -1.936 0.091 0.291 

Q12 -0.298 -1.906 -0.435 -1.392 

Q4 -0.477 -3.055 0.285 0.912 

Q3 -0.048 -0.305 -0.009 -0.029 

Q17 -0.133 -0.849 -0.469 -1.502 

Q2 -0.172 -1.103 -0.193 -0.619 

Q5 -0.03 -0.195 -0.986 -3.157 

Q15 0.009 0.058 -0.905 -2.896 

Q22 0.183 1.17 -0.6 -1.921 

Q16 -0.003 -0.018 -0.736 -2.357 

Q18 -0.095 -0.606 -0.639 -2.044 

Q19 0.061 0.394 -0.911 -2.918 

Q9 -0.139 -0.89 -0.741 -2.372 

Q13 -0.002 -0.014 -0.265 -0.849 

Q11 -0.219 -1.399 -0.183 -0.585 

Q1 -0.252 -1.616 0.542 1.736 

Q10 -0.068 -0.438 0.5 1.6 

Q14 -0.406 -2.599 -0.047 -0.151 

Multivariate     -10.185 -2.261 
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Appendix G Table for Assessment of Outliers 

Table 72: Mahalanobis outliers test 

Observations farthest from the centroid 
(Mahalanobis distance) (Group number 1) 

    
Observation 

number 
Mahalanobis 

d-squared p1 p2 

143 45.266 0.005 0.737 

80 41.287 0.015 0.895 

150 40.597 0.018 0.833 

203 38.673 0.030 0.934 

89 37.998 0.035 0.931 

142 36.910 0.045 0.965 

176 36.465 0.049 0.962 

128 36.237 0.052 0.945 

124 35.008 0.068 0.988 

13 34.519 0.076 0.991 

241 34.318 0.079 0.988 

171 34.276 0.080 0.979 

209 34.033 0.084 0.976 

185 33.744 0.089 0.977 

201 33.376 0.096 0.982 

144 33.026 0.104 0.986 

245 32.979 0.105 0.978 

109 32.897 0.106 0.969 

154 32.787 0.109 0.960 

127 32.176 0.123 0.985 

193 32.145 0.123 0.977 

133 32.137 0.124 0.963 

164 31.622 0.137 0.984 

197 31.571 0.138 0.977 

159 31.446 0.141 0.974 

218 31.376 0.143 0.966 

87 31.200 0.148 0.967 

34 31.182 0.149 0.952 

32 31.180 0.149 0.930 

156 30.944 0.155 0.942 

22 30.891 0.157 0.926 

229 30.531 0.168 0.956 

145 30.138 0.180 0.978 

175 30.058 0.183 0.974 

191 29.833 0.190 0.980 

35 29.748 0.193 0.977 

184 29.743 0.193 0.966 

167 29.723 0.194 0.954 
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160 29.615 0.198 0.951 

111 29.580 0.199 0.938 

228 29.514 0.201 0.927 

21 29.458 0.203 0.914 

168 29.269 0.210 0.928 

153 29.002 0.220 0.952 

230 28.873 0.225 0.954 

206 28.829 0.227 0.943 

20 28.618 0.235 0.958 

78 28.603 0.235 0.944 

173 28.562 0.237 0.932 

112 28.418 0.243 0.938 

190 28.356 0.245 0.930 

65 28.296 0.248 0.921 

72 28.266 0.249 0.903 

73 28.224 0.251 0.887 

137 28.207 0.251 0.860 

235 28.151 0.254 0.845 

183 28.033 0.259 0.851 

151 28.018 0.259 0.819 

227 28.010 0.260 0.781 

194 27.951 0.262 0.763 

17 27.788 0.269 0.792 

66 27.774 0.270 0.755 

192 27.563 0.279 0.807 

148 27.522 0.281 0.784 

189 27.509 0.281 0.746 

130 27.446 0.284 0.730 

140 27.181 0.296 0.811 

237 27.062 0.302 0.823 

99 26.786 0.315 0.889 

147 26.670 0.320 0.898 

202 26.573 0.325 0.900 

205 26.530 0.327 0.888 

210 26.529 0.327 0.859 

179 26.469 0.330 0.850 

40 26.464 0.330 0.818 

208 26.418 0.332 0.801 

239 26.373 0.335 0.782 

115 26.259 0.340 0.797 

24 26.140 0.346 0.813 

120 26.015 0.352 0.831 

96 25.988 0.354 0.807 

67 25.932 0.357 0.796 

83 25.918 0.357 0.763 

49 25.847 0.361 0.758 
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93 25.830 0.362 0.724 

84 25.638 0.372 0.783 

56 25.587 0.374 0.770 

47 25.549 0.376 0.748 

46 25.501 0.379 0.731 

243 25.475 0.380 0.702 

178 25.422 0.383 0.687 

134 25.420 0.383 0.640 

244 25.402 0.384 0.602 

234 25.401 0.384 0.551 

182 25.360 0.386 0.527 

29 25.226 0.394 0.567 

85 25.152 0.398 0.565 

214 25.125 0.399 0.532 

90 25.037 0.404 0.541 

97 25.010 0.405 0.508 
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Summary of Values for Goodness of Fit Indexes 

A summary of the recommended values extracted from various sources for goodness of fit indexes 

applied in this study are presented in Table 73 below.  

Table 73: Summary of values for goodness of fit indexes for this study 

Model Fit Index Recommended Values 

 

χ² 

 

p >0.05 

χ²/df ≤ 3.00 

CFI ≥ 0.95 

TLI ≥ 0.95 

RMSEA <0.07 

SRMR ≤ 0.08 

Source: by the author extracted from (Browne, Cudeck, Bollen, & Long, 1993; Byrne, 2010; Finney & DiStefano, 2006; Hu & Bentler, 

1999; Kline, 2015; McDonald & Ho, 2002; Sharma et al., 2005; Steiger, 2007; Tabachnick & Fidell, 2012) 
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