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1. INTRODUCTION 

 

1.1. Research Background 

The industry is a significant part of an economy that enables productivity and industrial growth 

(Rüßmann et al., 2015, p.1). Since the start of industrialisation, technological improvements have 

triggered to fundamental changes that today are called “industrial revolutions” (Lasi et al., 2014, 

p.239). Industrial revolutions have initiated with the conversion from one-off to mass production, 

involving division of employees and standardisation (Brettel et al., 2014, p.37). The combination 

of production processes and information and communication technologies (ICTs) known as 

“Industry 4.0”, commits the manifold potentials such as increasing operational effectiveness and 

improvements of new business models, products and services (Hermann et al., 2016, p.3928). A 

transformation driven by the fusion of advanced technologies spans the connecting systems, 

analysing data to forecast failures, reacting faster in processes so as to improve the value chain 

beyond a single company (Rüßmann et al., 2015, p.1).  

The introduction of Industry 4.0 into industrial production and manufacturing has also had 

many influences on the structure of supply chains (SCs) (Tjahjono et al., 2017, p. 1176) in 

particular real-time tracking of material flows (Hofmann and Rüsch, 2017, p. 24), on-time 

adaptive decision-making (Zhong et al., 2017, p. 616), administrate predictive maintenance and 

preclude asset breakdowns (Ghobakhloo, 2018, p.920) and achievements in organisational-

economic level such as lean management (Schumacher et al., 2016, p.161) with the integration 

of  Internet of Things (IoT) and Cyber-Physical Systems (CPS). From the marketing perspective, 

Industry 4.0 supports the mechanisms on a communication channel, which would lead to 

information exchange and customer-oriented approaches on value-added services (Roblek et al., 

2016, p.8). In addition, integrated IT infrastructures that are featured by integrated applications 

and agreed data standards facilitate information flows and coordination of activities among the 

partners in the supply chain network (Rai et al., 2006, p. 226). In order to accomplish the race in 

competitiveness in the global market, enterprises attempt to decentralise their value-adding 

activities by improving virtual enterprise; this highlights the significance of digital technologies 

in integrating suppliers, manufacturers, customers or other partnering firms, known as supply 

chain integration (Gunasekaran and Ngai, 2004, p. 269). Likewise, the targets of Industry 4.0 are 

to attain a higher efficiency in operations, productivity and automatization (Lu, 2017, p. 1; 

Haseeb et al., 2019, p. 1). The context of vertical and horizontal manufacturing processes 

integration supports organisations to obtain higher industrial performance (Dalenogare et al., 

2018, p. 383). Moeuf et al. (2018, p. 1118) suggest that the future of enterprises is based on how 
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well they respond to the expectations of their customers while sustaining their competitive 

advantage. To accomplish this, companies are required to enhance their industrial management 

processes such as planning and controlling production, utilising resources and measuring 

operational performance. Furthermore, Industry 4.0 enables analytical capabilities for decision 

making and flexible manufacturing processes by optimising performance in SCs (Lin et al., 2018, 

p. 593); thus, improving overall supply chain performance (Vaidya et al., 2018, p. 234). 

Despite the potential benefits of Industry 4.0 on supply chain management (SCM), there is a 

deficiency of the literature in terms of practices of smart production and their influences on the 

performance, especially in emerging markets (Lin et al., 2018, p. 590). Industry 4.0 has 

recognised in developed markets, where preceding industrial phases are already mature 

concerning the implementation of ICT (Dalenogare et al., 2018, p. 385; Kagermann et al., 2013, 

p. 77). At this point countries with high cost skilled employees may be able to take advantage of 

a higher level of automation (Rüßmann et al., 2015, p. 11); therefore, a significant gap might 

occur between developed and emerging markets regarding Industry 4.0 adoption (Dalenogare et 

al., 2018, p. 385). However, many developing countries also obtain the opportunities for 

automation due to their young and technology shrewd workforce (Rüßmann et al., 2015, p. 11). 

In the case of Turkey, there is a rising attention in the utilisation of ICT components by companies 

because of ongoing changes in the telecommunication sector in recent years (Fındık and Tansel, 

2016, p. 107). As indicated by Turkstat (2019), in the country the proportion of Internet usage in 

enterprises with at least 10 workers reached 94.9%, 66.6% of enterprises have their own website, 

and one out of two enterprises uses social media and digital tools in 2019. Another point is that 

the utilisation of advanced technologies leads to production at low cost, conceive new investment 

and then new occupations (Kılıçaslan and Töngür, 2018, p. 1). Teo et al. (2014, p. 1232) suggest 

that using technologies without any challenges and using the Internet as a primary source for 

reaching the adequate information could be used as the main indicators to analyse the level of 

digitalisation in nations. The results of Turkstat (2019) reveal that in Turkey internet access of 

households and the usage of internet of individuals aged between 16-74 reached 88.3% and 

75.3% respectively in 2019. Therefore, the rising young generation in the country could be more 

familiar with digital tools and ways of working with them.  

Given the above considerations, the main motivation of this dissertation is to investigate the 

current Industry 4.0 concept in an emerging market, in Turkey, and its impacts on SCM, 

specifically on supply chain integration (SCI) and supply chain performance (SCP). The rest of 

the sections, section 1.2, 1.3. and 1.4, explains the problem statement, research questions and 

hypotheses, and contribution and structure of the dissertation respectively.  
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 1.2. Problem Statement 

Digitalisation has a disruptive transformation impact on companies, creating potential 

influences on value and network perspectives of organisations (Büyüközkan and Göçer, 2018, 

p.157). Besides, the focus on digitalisation, Industry 4.0 highlights an advanced digitalisation of 

enterprises; initiating a number of technological advances rather than a sole technology (Glas and 

Kleemann, 2016, p.56). However, advanced features of Industry 4.0 such as real-time capability, 

usage of ICT systems through vertical and horizontal integration and interoperability are 

considered current challenges to stay competitive for enterprises. The process of digital 

transformation needs multidisciplinary activities; therefore, the current state of the consensus 

might be challenging to understand the idea of Industry 4.0, its comprehensive strategies and 

methodologies that help organisations operationalise this transformation (Colli et al., 2018, p. 

1347). Therefore, a deeper understanding of the concept and its vision must be provided by 

academics and practitioners (Ibarra et al., 2018, p. 5). The technology architecture of Industry 

4.0 could be viewed as complex; in this sense, an effective assessment of Industry 4.0 is a 

significant manner of research (Lee et al., 2015, p. 18). Hence, both academics and practitioners 

have emphasised the important winnings through the integration of digital systems and intelligent 

manufacturing processes; however, this integration must be taken in both “horizontal level” 

(integration of all value chain participants) and “vertical level” (integration of all spheres of 

automation) (Schumacher et al., 2016, p. 161). To address this issue, some scholars have 

proposed the frameworks, roadmaps, maturity or readiness assessments for effective 

implementation of Industry 4.0 (Ghobakhloo, 2018; Schumacher et al., 2016; Akdil et al., 2018; 

Sony and Naik, 2019; Castelo-Branco et al., 2019); however, there is still uncertainty of the effect 

of Industry 4.0 systems on the concept of operation management, and SCs (Ivanov et al., 2018, 

p. 137). For this reason, the effects of Industry 4.0 on SCM concept is an open question since 

there are only a few specified examples of its influences on SCM (Tjahjono et al., 2017, p.1178). 

Although some studies claim that Industry 4.0 improves the overall SCP (Lin et al., 2018, p. 590; 

Ardito et al., 2019, p. 339; Ivanov et al., 2018, p.140); however, the linkage between these two 

remains inexplicable because the number of empirical analyses has stayed limited to observe the 

clear effects of Industry 4.0 on SCP. 

     Another raised question for decades also is whether more integration improves the 

performance in supply chains. Many studies confirm the positive effect of SCI on SCP (Danese 

and Bortolotti, 2014, p.7079; Prajogo and Olhager, 2012, p.520; Zailani & Rajagopal, 2005, 

p.390; Zhao et al., 2015, p.170), while some studies argue that SCI does not always increase SCP 

(Fabbe‐Costes and Jahre, 2008, p.130; Vickery et al., 2003, p.533; Cousins and Menguc, 2006, 

p.605). Another point is that even the assessment of IT or digital technologies sometimes does 
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not have a direct effect on SCP; there could be an indirect effect via the influence of SCI (Li et 

al., 2009, p.126; Delic et al., 2019). This possibility has also taken less interest in the literature. 

Thus, it is significant to provide more research to explore the clear relationships between these 

concepts. 

1.3. Research Questions and Hypotheses 

    Regarding the discussion in section 1.2, the main objective of this dissertation is to identify 

the links among the concepts of Industry 4.0, SCI and SCP. As previously mentioned, the lack 

of studies has been identified in that field; therefore, this dissertation attempts to identify whether 

the practices of Industry 4.0 positively affect the concepts of SCM, in particular SCI and SCP. In 

addition, the dissertation aims to observe the relevance between SCI and SCP since different 

perspectives are taken in the literature. For this reason, in this dissertation, the definitions, 

directions and elements of these three concepts have been analysed and, in the end, the linkages 

have been tested empirically. The arguments regarding the dissertation lead to improved research 

questions, as follows: 

Research Question 1: How does Industry 4.0 affect SCI? 

      Using IT and advanced digital technologies the partners in a supply chain require to undergo 

system alterations to enrich the relationships between them (Birasnav and Bienstock, 2019, p. 

150; Vickery et al., 2003). Thus, it is expected that advanced technological solutions drive 

manufacturing processes to integrate the partners in a supply chain with their production systems. 

Although the research is ambiguous yet related to assessment models on Industry 4.0, this 

dissertation seeks to answer whether there is an impact of Industry 4.0 on SCI. After reviewing 

the literature, the first hypothesis was formulated as followed: 

   H1: Industry 4.0 positively affects Supply Chain Integration.  

Research Question 2: How does SCI affect SCP? 

 SCI can be seen as a key success of organisations and their SCs (Huo, 2012, p. 596; Fabbe 

Costes and Jahre, 2008; Flynn et al., 2010). For many years, the scholars (Narasimhan and Kim, 

2002, p.303; Sezen, 2008, p. 233; Vickery et al., 2003, p.533) argue whether the capabilities of 

SCI are always beneficial for SCP. However, the effects of SCI on SCP are still unknown (Zhao 

et al., 2015, p.162). Thus, this dissertation investigates whether SCI has an effect on SCP. Based 

on the in-depth review analysis, it has been hypothesised that; 

H2: Supply Chain Integration positively affects Supply Chain Performance. 

Research Question 3: How does Industry 4.0 affect SCP? 

              As briefly mentioned in Section 1.1., Industry 4.0 stimulates production processes through 

integrating them horizontally and vertically, as a consequence of this, it is estimated that the 

concept will increase both firm performance and SCP (Dalenogare et al., 2018, p. 383; Buer et 
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al., 2018, p. 2934; Frank et al., 2019, p. 20). Accordingly, this dissertation explores the effects of 

Industry 4.0 on SCP. Regarding the analysis of the literature, the third hypothesis was formulated 

as followed: 

       H3: Industry 4.0 positively affects Supply Chain Performance. 

      In addition to the arguments mentioned above, some authors believe that there is a mediating 

role of SCI between Industry 4.0 and SCP (Delic et al., 2019; Yu, 2015, p.955; Bruque-Cámara 

et al., 2016, p.149). Since the role of integration in supply chains has been taken lack of 

importance when the relationship is observed between digital technologies and performance 

aspects; this thesis also seeks the impact of SCI between Industry 4.0 and SCP. Based on the 

literature, the fourth hypothesis was created as followed: 

       H4: Supply Chain Integration mediates the relationship between Industry 4.0 and Supply 

Chain Performance. 

Research Question 4: How should organisations prioritise the indicators of Industry 4.0 and 

SCI strategically to achieve higher performance in the context of supply chain? 

        The dissertation also deepens the nature of links between three constructs by analysing the 

prioritisation items of Industry 4.0 and SCI, which lead to higher performance. It is significant 

to investigate which items are important for SCP and how companies perform on these items 

based on the analysis of the Importance-Performance Matrix. Ghobakhloo (2018, p. 911) 

suggested that organisations require to formulate accurate plans and designing principles because 

the directions of Industry 4.0 are still challenging and uncertain. Akdil et al. (2018, p. 62) argued 

that the outcomes of Industry 4.0 are still ambiguous because organisations do not have expertise 

on the concept. Therefore, the current state and route for the assessment of Industry 4.0 are 

necessary.  

1.4. Contribution and Structure of the Thesis 

        The main contribution of this dissertation is to introduce the effects of Industry 4.0 assessment 

on the SCM concept in manufacturing organisations. The results of the dissertation could be an 

example to observe the practices of Industry 4.0 as well as the activities in SCM in developing 

economies. Besides, the hypotheses developed are grounded by two well-known theories: 

resource-based view (RBV) and relational view; in this way, a more complete model could be 

achieved through theoretical support. Likewise, with the analysis of a comprehensive literature 

review, this dissertation contributes to conceptualising Industry 4.0, SCI and SCP; and identify 

the models proposed related to them. Noteworthily, only a little research has been empirically 

conducted in order to analyse the connections between Industry 4.0 and the concept of SC; 

therefore, this dissertation also aims to close the research gap in this field by providing the 

statistical modelling on the data taken from primary sources.  
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         In light of the discussion in this chapter, this dissertation is structured as follows. Chapter 2 

starts with the reviews of Industry 4.0, SCI and SCP; and the sections include the definitions and 

the elements of these three concepts. Chapter 3 indicates the methodology selected in this 

dissertation by addressing the research design and model as well as explaining the tools of the 

analysis. Chapter 4 displays the findings of the analysis by explaining descriptive statistics, the 

validity of the model and structural model analysis. Finally, in chapter 5, the main conclusions 

and recommendations about the dissertation have been highlighted.  
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2. LITERATURE REVIEW 

 

2.1. Review of Industry 4.0  

2.1.1. Towards Information Revolution: Industrial Revolutions at a Glance 

In the sphere of the context of industrial manufacturing, the developments of science and 

technology underpin the advances in industrialisation around the globe (Liao et al., 2017, p. 

3609). The first industrial revolution, the introduction of steam power and water usage in 

industrial places, covering the period between the second half of the 18th century and almost the 

whole 19th century (Hermann et al., 2016, p.3932). There was an increase in productivity in 

fabric production since that production transferred from private homes to central factories. The 

second industrial revolution which took place after the application of electrically powered 

technologies (Liao et al., 2017, p. 3609), supported the mass production model through the 

division of employees (Drath and Horch, 2014 p.56). Using continuous production lines and 

conveyor belts triggered in productivity infusion in manufacturing industries. Utilisation of 

electronics and information technology such as computers, networks, interfaces, etc. are the 

concepts of the third industrial revolution, supporting automation of manufacturing (Drath and 

Horch, 2014 p.56) and creating highly flexible and efficient systems (Barreto et al., 2017, 

p.1246). The term “Industry 4.0”, representing the fourth industrial revolution, connects physical 

devices and company’s assets via the Internet (Vaidya et al., 2018, p.234), increases a 

multifaceted system with the combination and coordination by computational abilities of Cyber-

Physical Systems (CPS) (Colombo et al., 2017, p.6).  

Blinder (2006, p.115) explains that “industrialising countries from farm to factory, societies 

were transformed beyond recognition”. After the first and second revolutions, the shifts were 

massive; the workers moved into factories from farms. Through the years, the potential benefits 

of industrial revolutions are immense such as massive influences on social life and in commerce 

with a new industrial class and new labour streams; alterations on production structures by 

promising delivery times (Chin et al., 2006, p.572) and productivity (Matsuyama, 1992, p.317; 

Schuh et al., 2014, p.51); in other words, creating complexity and variety for manufacturing 

industries. 

According to Nuvolari (2019, p.34), during the 1980s, rapid growth and diffusion of 

innovation were characterised by the dispersion of ICT; however, the evolution of these 

technologies could be captured better in capitalist economies; therefore, the chronological 

scheme could be distinguished among countries in terms of industrial revolutions. Singh (2017, 

p. 15) emphasises that the sustainability of these industrial revolutions is also significant for 

industries with accurate economic analysis in each country. Popkova et al. (2019, p.23), the prior 
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condition for the outbreaking of industrial revolutions is to enhance an adequate volume of 

industrial production thanks to new technologies. After these technologies access a sufficient 

number; the second part is to improve them; which occurs with necessary development for 

implementation; therefore, the transition process from quantity to quality could begin. However, 

in this case, there could be some challenges due to inadequate well-established infrastructure for 

these technologies. 

As to preliminary points of all industrial revolutions, technological leaps create paradigm 

shifts (Lasi et al., 2014, p. 239); however, some structural changes in work environment increase 

creativity and productivity of employees as well as easing human work in business (Lorenz et 

al., 2015 p.14; Anon, 2016 p.120). Companies tend to be more responsive to the requirements of 

their customers and handling their complexities (Blinder, 2006, p.115). Development of skills 

and capabilities, the complexity of innovation, establishing infrastructure, value chain shifts, 

socio-economic changes and environmental changes are the main issues of transforming 

manufacturing businesses and the future of production through Industry 4.0 (Moavenzadeh, 

2015, p.18). 

 
Figure 1. An Overview of the Industrial Revolutions 

Source: Drath and Horch (2014, p.56) 

Figure 1 displays an overview of the industrial revolutions in industries. As Figure 1 shows, 

these are the last 200 years of mankind which display us accelerated speed in revolutionising 

operations. Furthermore, the complexity and productivity of production have increased by each 

industrial revolution.  
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2.1.2. The Concept of the Fourth Industrial Revolution (Industry 4.0) 

The concept of “Industry 4.0” received public attention in 2011; when a venture called 

“Industrie 4.0” through academia and practitioners, maintained the idea of enhancing the 

competitiveness of manufacturing industry (Hermann et al., 2016, p. 3932). Later, the idea was 

granted by the German federal government as “High Tech Strategy 2020”, targeting the 

leadership on technological developments (Kagermann et al., 2013, p.77). There were also 

similar strategies put forward by other key industrial countries, for instance, “Industrial Internet 

from the USA and Internet + from China” (Wang et al., 2016, p.1). 

According to the definition of the European Parliament (2016, p.20), Industry 4.0 is described 

as follows; 

“the organisation of production processes based on technology and devices autonomously 

communicating with each other along the value chain: a model of the smart factory of the future 

where computer-driven systems monitor physical processes, create a virtual copy of the physical 

world and make decentralised decisions based on self-organisation mechanisms.” 

     In this dissertation, various research papers have been analysed to identify the definition and 

dimensions of Industry 4.0. The systematic search was based on two well-known electronic 

databases, Web of Science (WoS) and SCOPUS. Through a comprehensive set of studies, the 

author categorised the descriptions of the term into two groups: the first one consists of the 

technical and technology-related definitions of Industry 4.0, while the second group covers the 

value chain integrated perspectives of the concept. Table 1 indicates the example definitions of 

the articles selected from high quality management journals such as “Journal of Manufacturing 

Technology Management”, “Sustainability”, “Technological Forecasting and Social Change”, 

“International Journal of Production Research” and so on.  

Accordingly, some scholars (Sanders et al., 2016, p. 816; Bortolini et al., 2017, p. 5702; 

Ghobakhloo, 2018, p. 910; Sung, 2018, p. 41; Vaidya et al., 2018, p. 237; Mariani and Borghi, 

2019, p. 2) use the technology-oriented definitions to define the Industry 4.0 concept. These 

studies mostly mention the terms of “Cyber-Physical Systems (CPS), Internet of Things (IoT) or 

smart systems” to conceptualise the definition of Industry 4.0. Sanders et al. (2016, p. 816) argue 

that Industry 4.0 depends on the principles of smart technologies by enabling human-machine 

interaction. Bortolini et al. (2017) identify that Industry 4.0 transforms traditional production 

systems through the fusion of IoT and advanced technologies such as “big data, cloud and 

machine learning”. Ghobakhloo (2018, p. 910) suggests that the application of CPS plays a key 

role to accomplish Industry 4.0. Sung (2018, p. 41) views that Industry 4.0 represents significant 

technological improvements that change the direction of designing, producing and 

commercialising products and services. Vaidya et al. (2018, p. 237) explain that Industry 4.0 
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provides smart production processes through smart communication of machines and products. 

Mariani and Borghi (2019, p. 2) also mention the technical side of Industry 4.0 by considering 

the three basic concepts of Industry 4.0 as “CPSs, IoT and smart factory”. Xu et al. (2018, p. 

2942) propose that Industry 4.0 combines the integrated systems of digital technologies.  

Some other research attempts to define Industry 4.0 from a broader perspective rather than 

only focusing on technological terms of the concept (Wang et al., 2016, p. 1; Hermann et al., 

2016, p. 3930; Hofmann and Rüsch, 2017, p. 24; Ardito et al., 2018, p. 326; Müller et al., 2018a, 

p. 4; Nagy et al., 2018, p. 4; Nosalska et al., 2019, Forthcoming). These studies discussed that 

Industry 4.0 not only offers technological developments but also increases the integration of 

value chains. According to Wang et al. (2016, p.1), Industry 4.0 could be described as “Cyber-

Physical Systems (CPS) that integrate production facilities, warehousing systems, logistics, and 

even social requirements to establish global value creation networks”. The study of Hermann et 

al. (2016, p.3930) describes the concept as both technologies and value chain concepts; however, 

the six design principles of Industry 4.0  need to be enforced accurately; (i) “interoperability” 

(integration of the systems such as human-human, machine-machine and human to machine) 

through IoT, (ii) “virtualisation” (fusion of physical aspects into the virtual world), (iii) 

“decentralised decisions”” (decision making of embedded computers on their own), (iv) real-

time capability” (collection of data in real-time), (v) “service orientation” (a combination of 

transparency and interconnection from inside and outside of a company), and (vi) “modularity” 

(flexible modular systems that adapt to changing requirements). Hofmann and Rüsch (2017, 

p.25) define Industry 4.0 as basically with three concepts: “flexible products and services, digital 

connectivity and decentralised value networks”. Ardito et al. (2018, p. 326) explain that Industry 

4.0 increases digitisation that leads to horizontal and vertical integration of companies’ processes. 

Müller et al. (2018a, p. 4) indicate that Industry 4.0 suggests the integration of different practices 

of supply chains by using digital technologies. Furthermore, Nagy et al. (2018, p. 4) 

acknowledged that Industry 4.0 is a networked-linked approach, integrating the value chain 

operations and supply chain activities. Finally, Nosalska et al. (2019, forthcoming) discussed that 

Industry 4.0 is a concept of value chain integration that supports customer requirements through 

the related technologies. 

Although there are several definitions of Industry 4.0 as indicated above; however, the 

scholars argue that the literature lacks a well-agreed explanation of the concept (Hermann et al., 

2016, p. 3928; Hofmann and Rüsch, 2017, p.24; Ghobakhloo, 2018, p.929, Brettel et al., 2014, 

p.43). As previously explained, the studies which approach the different perspectives about the 

definition of Industry 4.0, are displayed in Table 1. 
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Table 1. Example Definitions of Industry 4.0 

Category Authors Definitions 

Technology-

oriented 

definitions of 

Industry 4.0 

Sanders et al. (2016, 

p.816) 

Industry 4.0 applies “the principles of cyber-physical systems (CPS), internet and 

future-oriented technologies and smart systems with enhanced human-machine 

interaction paradigms” 

Bortolini et al. 

(2017, p. 5702) 

“Industry 4.0 can be defined as the comprehensive transformation of the entire 

industrial production through the merging of Internet and information & 

communication technologies (ICT) with traditional manufacturing processes” 

Ghobakhloo (2018, 

p. 910) 

“In general, Industry 4.0 is interpreted as the application of the cyber physical 

systems within industrial production systems” 

Sung (2018, p.41) 
“A smart factory, a key feature of Industry 4.0, adopts a so-called calm-system that 

deals with both the physical world and the virtual world” 

Vaidya et al. (2018, 

p.237) 

“Industry 4.0 which allows smart, efficient, effective, individualised and customised 

production at a reasonable cost. With the help of faster computers, smarter machines, 

smaller sensors, cheaper data storage and transmission could make machines and 

products smarter to communicate with each and learn from each other” 

Xu et al. (2018, 

p.2942) 

“Industry 4.0 focuses more on the end to end digitisation and the integration of digital 

industrial ecosystems by seeking completely integrated solutions” 

Mariani and Borghi 

(2019, p. 2) 

“The three basic concepts underpinning the Industrie 4.0 phenomenon are: cyber- 

physical systems (CPSs), Internet of things (IoTs), and smart factories” 

Value-

Integration 

oriented 

definitions of 

Industry 4.0 

Wang et al. (2016, 

p.1) 

“Industry 4.0 is a production oriented Cyber-Physical Systems (CPS) that integrate 

production facilities, warehousing systems, logistics, and even social requirements 

to establish global value creation networks” 

Hermann et al. 

(2016, p.3930) 

“Industrie 4.0 is a collective term for technologies and concepts of value chain 

organisation. Within the modular structured Smart Factories of Industrie 4.0, CPS 

monitor physical processes, create a virtual copy of the physical world and make 

decentralised decisions” 

Hofmann and Rüsch 

(2017, p. 25) 

“The value networks are controlled decentralised while system elements (like 

manufacturing facilities or transport vehicles) are making autonomous decisions 

(autonomous and decentralised decision making)” 

Ardito et al. (2018, 

p. 326) 

“The main idea underlying the Industry 4.0 is running businesses by adopting digital 

technologies that can help firms to create connections between their machinery, 

supply systems, production facilities, final products, and customers in order to gather 

and share real-time market and operational information” 

Müller et al. (2018a, 

p. 4) 

“Industry 4.0 leads to industrial value creation that is not only automated, mostly 

within single manufacturing plants, but also interconnected between objects, 

products, and humans, building on the concept of the Internet of Things” 

Nagy et al. (2018, p. 

4) 

“Industry 4.0 penetrates the entire value chain of the corporation—although most of 

the value chains are interpreted as production-based, possibly supplemented with the 

logistics operations” 

Nosalska et al., 

(2019, 

Forthcoming) 

“Industry 4.0 is a concept of organisational and technological changes along with 

value chains integration and new business models development that are driven by 

customer needs and mass customisation requirements and enabled by innovative 

technologies, connectivity and IT integration” 

  Source: Compiled by the author 

In this dissertation, it has been considered that the descriptions related to Industry 4.0 could 

be convergent although the scholars view the diverse approaches on the principles of Industry 

4.0. Most of the authors define Industry 4.0 as the following terms; “integration of smart 

systems”, “Internet standards”, “CPS”, “human-machine interaction”; which are the concepts of 

“smart factory”. This dissertation considers the explanation of Industry 4.0 concerning both 

“technology-oriented” and “value-integration oriented” definitions. Therefore, this dissertation 

follows the definition of Müller et. al (2018a, p.4), which is that “Industry 4.0 leads to industrial 

value creation that is not only automated, mostly within single manufacturing plants, but also 
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interconnected between objects, products, and humans, building on the concept of the Internet of 

Things”. 

  2.1.3. Assessment Models of Industry 4.0 

Previous research has conceived that manufacturing companies have little understanding or 

ability to implement the full extent of Industry 4.0 (Bibby and Dehe, 2018, p. 1034; Schumacher 

et al., 2016, p.162). Mittal et al. (2018, p.199) state that the phrases “roadmaps, frameworks, 

readiness assessments or maturity models” have a slight distinction in their explanations.  

(i)Roadmaps provide a prerequisite for the improvement of the successful transition with digital 

solutions (Ghobakhloo, 2018, p. 911) including both short term and long-term plans (Mittal et 

al., 2018, p.199).  

(ii)Maturity Model is a stepwise approach to achieve continuous improvement for enterprises 

(Mittal et al., 2018, p.199) and to transform their businesses and operations with maturity levels 

-capabilities of companies- (Akdil et al., 2018, p.61). 

(iii)Frameworks are architecting systems that provide consistent procedures, methods and tools 

(Mittal et al., 2018, p.199). 

(iv)Readiness Assessments are measurement tools to identify the extent of preparedness and 

presence of adequate conditions, attitudes, resources and so on (Castelo-Branco et al., 2019, p.31; 

Mittal et al., 2018, p.199). 

The previous studies employed the terms “readiness”, “maturity”, “framework” or “roadmap” 

jointly in order to evaluate their models of Industry 4.0 since the field is still in the emerging 

phase (Gökalp et al., 2017, p. 131; Akdil et al., 2018, p.63; Schumacher et al., 2016, p.162; Bibby 

and Dehe, 2018, p.1034; Mittal et al., 2018, p.199). Thus, in this dissertation, it has been adjusted 

the models which include these terms for evaluating the categories and items of Industry 4.0 

assessment. The further measurement model has been called “the Industry 4.0 assessment model” 

in this dissertation.  

Some researchers suggested the “readiness assessment” models to identify the dimensions of 

Industry 4.0 (Lichtblau et al., 2015, p.21; Jung et al., 2016, p.712; Castelo-Branco et al., 2019, 

p.27; Sony and Naik, 2019, forthcoming). The Industry 4.0 model of Lichtblau et al. (2015, p.21) 

encompasses six categories; “strategy and organisation” (implementing and reviewing Industry 

4.0 strategy and investments), “smart factory” (including automated production, control and 

monitoring processes), “smart products” (ICT components such as sensors, communication 

interfaces), “smart operations” (integration of physical and virtual world, production planning 

systems -PPS-), “employees” (new skills and adaptability of workers, and “data driven services” 

(collection of data about processes, customers and suppliers). Jung et al. (2016, p.712) categorise 

their manufacturing system readiness assessment into four categories; “organisational”  
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(comprehensiveness of the activities such as identifying activities for digital transformations and 

assigning responsible people for this), “IT” (availability of IT resources), “performance 

management” (which performance indices are used and monitored) and “information 

connectivity” (exchanging and sharing of necessary information). Castelo-Branco et al. (2019, 

p.27) measure the European countries’ adaption level into Industry 4.0 by considering two 

categories; “Industry 4.0 infrastructure” (a combination of interconnectivity, interoperability, and 

virtualisation) and “Big Data Maturity” which refers to the ability of processing the information 

through Industry 4.0 implementation. The findings of the paper indicate that a huge dispersion 

among countries exists in terms of the adequate conditions for the readiness of Industry 4.0 and 

even the large economies in Europe such as France and Italy indicate lower than average values 

in both categories; while the UK is ranked in the top regarding “Big Data Maturity”, the country 

has been positioned below average regarding “Industry 4.0 infrastructure”. According to the 

systematic literature review analysis of Sony and Naik (2019), the key ingredients of Industry 

4.0 readiness can be grouped into six categories: “top management involvement, the readiness of 

organisational strategy, level of digitalisation, the extent of digitalisation, smart products and 

services, and employee adaptability” with Industry 4.0. These categories are interconnected with 

each other; thus, companies should consider all these factors to assess Industry 4.0 successfully.  

Some scholars also considered the maturity models for Industry 4.0 (Schumacher et al., 2016, 

p.164; Gökalp et al., 2017, p.139; Schuh et al., 2017, p.20; Akdil et al., 2018, p.68; Fettermann 

et al., 2018, p. 257; Colli et al., 2018, p.1349; Sjödin et al., 2018, p.24; Asdecker and Felch, 2018, 

p.850; Bibby and Dehe, 2018, p.1038; Mittal et al., 2018, p.207). Schumacher et al. (2016, p.164) 

develop empirically grounded models to assign Industry 4.0 maturity of manufacturing 

companies; they identify 9 overall categories; “(i) products, (ii) customers, (iii) technology, (iv) 

operations, (v) strategy, (vi) leadership, (vii) governance (viii) culture and (ix) people” and 62 

items for measuring Industry 4.0 maturity. They note that assessing the maturity model of 

Industry 4.0 is not a simple task, which must reflect the current capabilities, respective strategies 

and action plans of companies. Gökalp et al. (2017, p.139) analyse seven maturity 

models/frameworks on Industry 4.0 in terms of “their scope, purpose, completeness, clearness 

and objectivity”; and their findings show that any of them does not meet the anticipated criteria; 

thus, they require to be developed. According to their proposed model, Industry 4.0 must be 

viewed as a holistic approach including “process transformation, application management, data 

governance, asset management and organisational alignment areas”. Schuh et al. (2017, p.20) 

identify the capabilities that a manufacturing firm needs to adapt to achieve transformation into 

an agile organisation. These capabilities are explained as “structural areas including resources, 

information systems, culture and organisational structure”. “Resources” explain tangible and 
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physical resources such as human resources, equipment, materials, tools and so forth. Information 

systems include socio-technical systems, human-machine interaction, processes, store and 

transfer data and information to enhance real-time ability. Culture and organisational structure 

consist of both collaboration on internal organisation and dynamic relationships through value 

network. The framework of Akdil et al. (2018, p.68) has been grouped into three categories – 

“strategy and organisation, smart business processes and smart products and services”, with 13 

regarded fields within these categories. The research was applied in a retail firm operated in 

Turkey. Fettermann et al. (2018, p. 257) analyse 38 successful cases based on the companies’ 

websites, publications and government reports about Industry 4.0 assessment. The study observes 

the “technology” category as the most commonly used term among the literature; therefore, their 

framework is mostly technology-oriented including “IoT, CPS, mobile devices, cloud computing, 

data analysis and processing, augmented reality and additive manufacturing”. However, they also 

add that some socio-cultural aspects such as “Leadership and Culture” could be considered in 

Industry 4.0 models. Colli et al. (2018, p.1349) introduce five clusters on the digital capabilities 

of organisations to evaluate the maturity level of them. These digital capabilities cover the 

indicators of “governance, technology, connectivity, value creation and competence”. 

“Governance” indicates the current state of the firm at organisational level such as strategy, 

resources, awareness of Industry 4.0. “Technology” includes the process of digital data through 

information systems such as MES, ERP systems, and business intelligence programs. 

“Connectivity” represents the infrastructural tools to transmit the data such as security systems, 

and data sharing capabilities. “Value creation” is the capability of capturing valuable data such 

as forecasting the data or monitoring the data for predictive maintenance purposes. Finally, 

“competence” represents the mindset and skills to create digital solutions such as a training and 

learning culture. Sjödin et al. (2018, p.24) develop the three categories; “people, technology and 

process” regarding the challenges mentioned through 31 in-depth interviews in Sweden on 

Industry 4.0 adoption. They emphasise that competencies and skills should be improved on 

employers’ side to handle fast technological transformations; and agile systems must be 

improved in a way of short development cycles and daily stand-ups to meet changing demands. 

Besides, these capabilities must be supported by technologies to cope with continuous innovation 

and the complexity of value chains. Asdecker and Felch (2018, p.850) develop a technology 

grounded model of “Industry 4.0 maturity for the delivery process” of companies. Their approach 

defines that Industry 4.0 covers “integrated database” (integrating different departments through 

a single database), “integrated interface” (using interfaces to eliminate media discontinues), 

“information flow” (using multiple sources for real time information), “mobile devices” 

(employee access to cloud services), “digital mapping” (using a digital twin of physical objects), 
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“automated monitoring” (the ability to track and trace processes), “machine learning” (providing 

system via algorithms), “self-optimisation” (autonomously reacting to alterations on changing 

conditions and offering optimal solutions to solve them), and “partner integration” (integrating 

supply chain partners into digital ecosystems). Bibby and Dehe (2018, p.1038) propose a 

conceptual framework on Industry 4.0 maturity including three groups: “factory of the future” 

(advanced technologies on Industry 4.0), “people and culture” (skills on openness to innovation), 

and “strategy” (digital investments, agility and production strategy). The key findings of the study 

reveal that manufacturing companies are on the development phase of Industry 4.0 assessment; 

companies need to focus more on the allocation of resources, aiming at improvement, sharing 

knowledge with their main value chain members and detailed roadmap on digitalisation (Bibby 

and Dehe, 2018, p.1040). The research conducted by Mittal et al. (2018, p.207) acknowledged 

the requirements of SMEs in digital transformation. According to the study, the models should 

consist of the capabilities of SMEs in terms of “finance”, “resource availability”, 

“standardisation”, “organisation culture”, “employee participation”, “alliance with academic/ 

research institutes” and “collaboration with their suppliers”. 

Some scholars also named their Industry 4.0 model as frameworks or roadmaps (Geissbauer 

et al., 2016, p.28; Ghobakhloo, 2018, p. 927; Bienhaus and Haddud, 2018, p. 971). Geissbauer et 

al. (2016, p.28) propose “an assessment model for Industry 4.0”; mainly concentrates on 

strategies and technological capabilities of companies. The model is based on seven categories; 

“digital business models (disruptive digital solutions to serve customers), “digitalisation of 

products and service” (implementing integrated solutions via smart sensors or communication 

devices), “vertical and horizontal value chains” (integration in both across the whole company 

and from suppliers to customers), “data analytics” (availability of data and data integrated 

systems), “agile IT architecture” (IT infrastructure to respond to demand quickly), “compliance 

security, legal and tax” (identifying risks and challenges in a digital network), “organisation, 

employees and culture” (digital culture and skills of employees). Geissbauer et al. (2016, p.14) 

emphasise that real-time update about products and services with value chain is adequate for 

digital transformation. Ghobakhloo (2018, p. 927) attempts to improve “a strategic roadmap for 

Industry 4.0 transition” by mainly using advanced technologies “big data, cloud computing, IoT, 

CPS” and so on as the items. They define the categories as the strategies in functional areas 

including “strategic management in general”, “marketing strategy”, “human resources strategy”, 

“IT maturity strategy”, “smart manufacturing strategy” and “smart supply chain management 

strategy” towards Industry 4.0 transition. However, they suggest that there are no well-agreed 

strategies that could be applicable for all businesses; because of the differences in their core 

competencies, motivations, abilities, priorities and capital (p.930). Bienhaus and Haddud (2018, 
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p. 971) attempt to examine the relationship between digital transformation and procurement 

activities in supply chain management. They develop three constructs on their empirical research 

from 414 manufacturing and service companies. The first construct includes the items about 

“Artificial Intelligence”, “Big Data” and “Internet of Things” towards procurement activities. 

The second construct covers “organisational structure and culture”, “organisational 

environment”, and “leadership and ‘employee”. The third construct also encompasses the tools 

and technologies for communication and collaboration. The study suggests that capacities and 

capabilities through digital transformation assist the companies’ vision and mission to become 

more sustainable and achieve long term profitability (p.981). 

Asdecker and Felch (2018, p.850) ascertain that many maturity/readiness models in Industry 

4.0 concentrate on the manufacturing processes of companies. However, in the long run, value 

creation activities, both upstream and downstream, must be exploited; otherwise, competitive 

advantage in industrial companies will be disregarded. Rajnai and Kocsis (2018, p.229) 

compared the different approaches on Industry 4.0 assessment and conclude that there is no well-

accepted model of Industry 4.0 readiness in previous research due to the developing phase of the 

digital transformation phenomenon. However, there is an increase in research interest on 

readiness models of Industry 4.0 as well as the research gap; because the evaluation criteria 

consist of different categories and items in the proposed models (Akdil et al., 2018; Sony and 

Naik, 2019). For that reason, more models need to be developed to understand the main 

ingredients and to determine the readiness of Industry 4.0 holistically.  
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Table 2. Industry 4.0 Assessment Models 

Category Authors Model Name  Method of 

the Study 

Assessment Categories  

The 

Readiness 

Models 

Lichtblau et 

al. (2015) 

“Industry 4.0 

Readiness 
Model” 

Questionnaire Six categories are measured; “strategy and organisation”, “smart 

factory”, “smart products”, “smart operations”, “employees” and 
“data- driven services”  

Jung et al. 

(2016) 

“Smart 

Manufacturing 

System 

Readiness 
Assessment” 

Reference 

Activity 

Model 

The assessment model is analysed with four categories; 

“organisational, IT, performance management and information 

connectivity”  

Castelo 

Branco et al. 

(2019) 

“Adoption & 

Readiness 

Model of 

Industry 4.0” 

Questionnaire The adoption level of I.4.0 includes two categories; “Industry 4.0 

infrastructure” and “Big Data Maturity” 

Sony and 

Naik (2019) 

“Industry 4.0 

Readiness 

Model” 

Systematic 

Literature 

Review 

Their readiness model is grouped in six categories: “top 

management involvement”, “organisational strategy”, “level of 

digitalisation”, “extent of digitalisation”, “smart product and 

services”, and “employee adaptability”  

The 

Maturity 

Models 

Schumacher 
et al. (2016) 

“Industry 4.0 
Maturity 

Model” 

Questionnaire Their model includes 9 categories; “products, customers, 
technology, operations, strategy, leadership, governance culture 

and people” 

Gökalp et al. 

(2017) 

“Industry 4.0 

Maturity 

Model” 

Literature 

Review 

The model applies in five holistic areas; “process transformation”, 

“application management”, “data governance”, “asset 

management” and “organisational alignment areas” 

Schuh et al. 

(2017) 

“Industry 4.0 

Maturity 

Index” 

Multi-Case 

Study 

Model was tested with three structural areas including “resources”, 

“information systems”, “culture and organisational structure” 

Akdil et al. 
(2018) 

“Industry 4.0 
Maturity and 

Readiness 

Model” 

Case study Three categories are determined; “strategy and organization”, 
“smart business processes” and “smart products and services” 

Fettermann et 

al. (2018) 

“Industry 4.0 

Maturity 
Model” 

Multi-Case 

Study 

Their technology-oriented model including “IoT”, “CPS”, “mobile 

devices”, “cloud computing”, “data analysis and processing”, 
“augmented reality” and “additive manufacturing” 

Colli et al. 

(2018) 

“Maturity 

Assessment 

for Industry 

4.0” 

Problem 

Based 

Learning 

Model 

The assessment model covers five clusters; “governance”, 

“technology”, “connectivity”, “value creation” and “competence” 

Sjödin et al. 

(2018) 

“A 

Preliminary 

Maturity 

Model for 

Digitalisation” 

Exploratory 

Case Study 

The model includes three categories; “people”, “technology” and 

“process”  

Asdecker and 

Felch (2018) 

“Development 

of Industry 4.0 

Maturity 

Model” 

Questionnaire Their model is technology grounded with the categories; 

“integrated database”, “integrated interface”, “information flow”, 

“mobile devices”, “digital mapping”, “automated monitoring”, 

“machine learning”, “self-optimisation”, “partner integration” 

Bibby and 
Dehe (2018) 

“Industry 4.0 
Maturity 

Assessment” 

Multi-Case 
Study 

Three categories are evaluated; “factory of the future”, “people and 
culture” and “strategy”  

Mittal et al. 

(2018) 

“Smart 

Manufacturing 

and Industry 
4.0 Maturity 

Model” 

Literature 

Review 

The requirements are determined in maturity models; “finance” 

“resource availability”, “standards”, “culture”, “employee 

participation”, “alliances”, “collaboration” 

The 

Frameworks 

and 

Roadmaps 

Geissbauer et 

al. (2016) 

“Digital 

Enterprise 

Model for 
Industry 4.0” 

Questionnaire The model focuses on strategies and technological categories; 

“digital business models”, “digitalisation of products and service”, 

“vertical and horizontal value chains”, “data analytics”, “agile IT 
architecture”, “compliance security”, “legal and tax”, 

“organisation, employees and culture”  

Ghobakhloo 

(2018) 

“Strategic 

Roadmap 

Toward 
Industry 4.0” 

Systematic 

Literature 

Review 

 

The categories of the model include functional areas; “strategic 

management”, “marketing strategy”, “human resources strategy”, 

“IT maturity strategy”, “smart manufacturing strategy” and “smart 
supply chain management strategy”  

Bienhaus and 

Haddud 

(2018) 

“Digitisation 

Framework 

for 

Procurement” 

Questionnaire The model covers three constructs; “AI, Big Data and IoT”, 

“organisational structure and culture, organisational environment 

leadership’ and ‘employee” and “the tools and technologies for 

communication and collaboration” 

  Source: Compiled by the author   
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Table 2 displays several assessment models of Industry 4.0 mentioned above. Based on the 

analysis of this dissertation, the author categorises the assessment models as “the readiness 

models”, “the maturity models” and “the frameworks and roadmaps”. Furthermore, it has been 

shown the key dimensions of each assessment model as well as the methods of their studies. 

  Table 3.Dimensions of Industry 4.0 Assessment Models 

Study/Dimensions Strategy Employee Culture & 

Organisation 

Technology 

Lichtblau et al. (2015) X X X X 

Jung et al. (2016)   X X 

Schumacher et al. (2016) X X X X 

Geissbauer et al. (2016)  X X X 

Gökalp et al. (2017)   X X 

Schuh et al. (2017)   X X 

Akdil et al. (2018) X   X 

Fettermann et al. (2018)    X 

Colli et al. (2018)   X X 

Sjödin et al. (2018)  X  X 

Asdecker and Felch (2018) X   X 

Bibby and Dehe (2018) X X X X 

Mittal et al. (2018)  X X X 

Ghobakhloo (2018) X X  X 

Bienhaus and Haddud 

(2018) 

X X X X 

Castelo-Branco et al. 

(2019) 

   X 

Sony and Naik (2019) X X X X 

Total 8 9 11 17 

Source: Compiled by the author 

Table 3 also indicated the common dimensions used in the proposed models on Industry 4.0 

explained above. Considering these models, the elements of Industry 4.0 assessment in this 

dissertation consist of three categories; including “technology”, “strategy and organisation” and 

“employee and culture”. Based on the results of Table 3, the dimension of “technology” was used 

in every proposed model, followed by “culture”, “employee factor” and “strategy”. All these 

categories will be explained in the following sections.  

The concept of ‘Technology’ in Industry 4.0 

Industry 4.0 is perceived as advanced automation and digitisation activities including the 

application of information technologies in manufacturing and services (Lu, 2017, p.6). The 

scholars draw slightly different classifications about the technologies of Industry 4.0. Lasi et al. 

(2014, p.241) outline the technologies concerning the field of business and system engineering 

such as “advanced methods of modelling”, “innovative Manufacturing Execution System (MES) 

and Enterprise Resource Planning (ERP) approaches”, “business intelligence”, “digital product 

memories” for the collection of data, “planning systems, intelligent platforms”, “data models and 
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exchange formats” such as additive manufacturing. Zhou et al. (2015, p.2149) discuss the main 

applications as “CPS”, “IoT”, “big data”, “cloud technology” and “advanced analytical 

techniques”. Lu (2017, p.6) explains that the main technologies of Industry 4.0 are “mobile 

computing”, “cloud computing”, “big data” and “IoT”. Xu et al. (2018, p.2944) include “IoT 

related technologies” such as RFID, sensor networks, real-time monitoring; “cloud computing”, 

“CPS” and “enterprise architecture systems”. However, these explanations cover the general 

concepts related to Industry 4.0 rather than expressing individual technologies. Bibby and Dehe 

(2018, p.1038) express the eight technologies including “big data, autonomous robots, cloud, 

additive manufacturing, internet of things and CPS, manufacturing execution systems (MES), 

sensors and e-value chains” that are the concepts of the factories of the future. The brief 

descriptions of these technologies are as follows; 

Big Data is defined as large, diverse and complex datasets that companies hold, process, 

analyse in order to enhance their decision-making processes. Data analytics give various 

opportunities to the organisations such as information on preferences of customers, new trends, 

decision-making capabilities for their processes, reducing errors, increasing predictive systems 

and so on (Ji and Wang, 2017 p.188; Seele, 2017 p. 675). 

Autonomous Robots are used as a supportive role for humans on tasks that could not be solved 

easily by workers. They enhance in becoming more autonomous, flexible, and cooperative with 

humans (Rüßmann et al., 2015, p. 3; Hedelind and Jackson, 2011 p.895). 

Cloud Computing includes an online platform based on the integration and storing facilities 

of the connected devices (Givehchi et al., 2013 p.2). Their computing abilities create agile 

information sharing among partners (Thames and Schaefer, 2016 p.13). 

Additive Manufacturing (AM) also called as 3D printing, linked with producing customised 

products for customers (Rüßmann et al., 2015, p. 4). AM technologies take the information from 

the necessary software such as computer-aided design software (CAD) and create layer by layer 

a three-dimensional object. The major advancements of this technology are to develop products 

in less time at a cost reduction, less human interaction and the ability to create any shape that 

could be hard to produce with a machine (Wong and Hernandez, 2012 p.1).  

Internet of Things (IoT) technically speaking, IoT covers the physical artefacts, having 

computing and communication capabilities via Internet. IoT gives solutions for computations and 

analytics using the Internet; the data collected from physical objects transfer into higher-level 

devices; and they make the decisions regarding operations. (Akhtar et al., 2017 p.2). 

Manufacturing Execution Systems (MES) which has been improved by software firms to offer 

“data management abilities” and “common user interface” (Bibby and Dehe, 2018, p.1032) 

function between production abilities and ERP systems of the firms. They are used to maintain 
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and to enhance material control, employee and machine capacity, trace materials and orders, 

inventory and so on (Helo et al., 2014, p.648). 

Sensors consist of integration of processes and equipment to gather, control and report 

information to operators. They are one of the most promising Industry 4.0 technologies (Bibby 

and Dehe, 2018, p.1033). Smart sensors are a base for accessing the related information about 

products, materials and facilities within the internet and software (Babiceanu and Seker, 2015, 

p.168). 

E-value Chains create optimisation of supply chains by enabling a combination of digital 

aspects such as big data, IoT, sensors and improving transparency in value chains (Rüßmann et 

al., 2015, p. 3). That also refers to the extent of connectivity and access to companies’ suppliers 

and customers (Bibby and Dehe, 2018, p.1038). Platforms supported by information technologies 

through SCs will increase flexibility and agility as well as the availability of real-time data.  

Besides, a similar framework with Bibby and Dehe (2018) has been put forward by Rüßmann 

et al. (2015, p.2), promoted by Boston Consulting Group (BCG); they identify nine technological 

trends which will form the future of Industry 4.0. Their model also consists of “big data and 

analytics”, “cloud”, “autonomous robots”, “IoT”, “additive manufacturing”, “horizontal and 

vertical integration (e-value chains)”. However, they also add “simulation” (an imitation of 

processes virtually to optimise production), “augmented reality” (the wearable aspects that are 

supported by mobile devices to ease human tasks) and “cyber-security” (the protective software 

against cyber-attacks). 

  The Concept of ‘Strategy and Organisation’ in Industry 4.0 

The assessment of Industry 4.0 is about more than developing current products or activities 

through the implementation of digital technologies; because it essentially provides the potential 

to cultivate completely new business models. Thus, it highly emphasises strategic importance for 

organisations (Lichtblau et al., 2015, p. 29). Based on the workshops related to the strategic 

orientation of Industry 4.0, Schumacher et al. (2016, p. 162) advocate that enterprises have failed 

to determine concrete guidance to promote their business strategies regarding Industry 4.0. Akdil 

et al. (2018, p.69) describe that having a strategy is a backbone for Industry 4.0 which needs a 

guidance in terms of new business models, investments in certain technologies and collaboration 

with strategic partners. 

According to the study of Sony and Naik (2019), the organisational strategy related to Industry 

4.0 mainly encompasses long term relationships with partners, technical aspects such as ICT 

networks on manufacturing systems to stimulate information exchange and huge initial 

investments for strategic fields determined by companies through their action plans, KPIs or 

mission and vision. The successful implementation of Industry 4.0 needs a detailed strategic 
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roadmap, envisioning all future steps on the path toward the digitalisation of a company 

(Ghobakhloo, 2018, p. 911). Asdecker and Felch (2018, p. 850) highlight that strategy could be 

supported by a roadmap and digital mapping where physical reality is displayed as a virtual 

image. That eases monitoring and diagnosing the processes before they occur.  

Industry 4.0 provides radical alterations in manufacturing companies through augmenting 

complexity of the production process; therefore, naturally, strategy involves having larger 

investments in technology, IT infrastructure and capability of boosting agile production via 

customisation activities (Bibby and Dehe, 2018, p. 1032). Schumacher et al. (2016, p.164) 

indicate that implementation of a “roadmap, resource availability and adaption of business 

models” are the significant indicators of performing successfully an Industry 4.0 strategy. 

Ghobakhloo (2018, p. 927) explains a comprehensive model about a “strategic roadmap for 

Industry 4.0 transition”, derived from the activities of “strategic management, marketing, human 

resources, IT, smart manufacturing and smart supply chain management”. The study suggests 

that companies are required to provide a strategic roadmap to visualise and comprehend each 

step to progress toward Industry 4.0 (p.926). Also, Patrucco et al. (2020, forthcoming) advocated 

that organisations might recognise the different sources to increase their knowledge about 

technological improvements, particularly they could collaborate with external sources such as 

universities to create more unique ideas for their supply chain operations. External professionals 

help organisations to achieve best practices and serve significant motives toward companies’ 

visions (Erol et al., 2016, p. 497). 

Despite the importance of having a well fit strategy on Industry 4.0, many scholars 

(Schumacher et al., 2016, p. 165; Lichtblau et al., 2015, p. 29; Akdil et al., 2018, p.76) found that 

organisations do not perform well on Industry 4.0 strategy. The main reasons for that, many 

organisations have uncertainty about the economic benefits of Industry 4.0 and lack of an 

understanding of the concept (Lichtblau et al., 2015, p. 60).  

   The Concept of ‘Employee and Culture’ in Industry 4.0   

Employees who usually work in factories might lack the vision for grasping smart factory 

implementation or they could need to improve their capabilities toward Industry 4.0 

transformation (Sjödin et al., 2018, p. 24). The new skills in IT and critical thinking by employees 

will also be very significant for their success and improvements in operational efficiency for 

organisations (Sony and Naik, 2019; Geissbauer et al., 2016, p. 2; Fekete Farkas and Torok, 2011, 

p. 76). Consequently, digitalisation will force them to acquire new skills and qualifications; 

therefore, it is essential that enterprises must make their employees ready for these alters through 

accurate training (Lichtblau et al., 2015, p. 52).  
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Employees are an important factor in implementing Industry 4.0 because of their value and 

power for organisations (Bibby and Dehe, 2018, p.1035; Feher and Reich, 2016, p. 50). 

Schumacher et al. (2016, p. 164) observe that ICT competency and openness of employees to 

digital technologies must be considered in assessing the maturity level of Industry 4.0. 

Ghobakhloo (2018, p.927) believes that fundamental changes through Industry 4.0 lead to a 

division of work between humans and machines; thus, competency of employees will be one of 

the essential indicators in shaping the digital transformation, depending on their skills in 

automation technology, IT infrastructure, data analytics, data security, process knowledge and 

assistance systems or software knowledge (Sony and Naik, 2019). Industrial managers are mainly 

responsible for concentrating on hiring and empowering employees with such digital capabilities 

while simultaneously improving digital abilities in the existing workers (Sjödin et al., 2018, 

p.25).  

Although digital transformation is highly dependent on the capabilities and training of 

employees, another important point is “corporate culture”, addressing the issue of willingness to 

change the entire workforce when new technologies are introduced within an organisation (Schuh 

et al., 2017, p. 32). However, factories usually have a lack of systematic ventures to internalise 

modern project models that offer more agile and flexible solutions, so in this rigid culture, it is 

hard to change (Sjödin et al., 2018, p. 25). A culture of innovation and continuous improvement 

provides new opportunities and helps enterprises assimilate changes (Bibby and Dehe, 2018, 

p.1035; Gyenge et al., 2015, p. 132). Otherwise, without a robust digital culture driven by clear 

leadership, digital investments and their implementation will be a big challenge for organisations 

(Geissbauer et al., 2016, p. 9). 
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Figure 2. The Items and Dimensions of Industry 4.0 

Source: Author’s own elaboration 

Based on the literature, the author adopted the scale of Bibby and Dehe (2018, p. 1038) for 

each concept explained above to measure Industry 4.0 assessment. Figure 2 demonstrates the 

dimensions and items used in this dissertation for the scale of Industry 4.0. 

2.1.4. Supply Chain 4.0 

     The concept of supply chain mostly utilises the activities of marketing, production, and 

distribution; thus, the product is accessible for the final customer. Nevertheless, the digitisation 

of supply chains improves “a fully integrated ecosystem” as well as increasing transparency 

between the partners (Makris et al., 2019, p. 118). Basically, supply chain 4.0 encompasses the 

use of new technologies, new information systems, software tools, and connected factories for 

cultivating industry and supply chain (Dossou et al., 2018, p.453). Frederico et al. (2019, p.17) 

have grouped the core concepts of the framework of supply chain 4.0 and its elements. Their 

classification employs the four groups in the conceptual framework of Supply Chain 4.0; 

“managerial & capability supporters”, “technology levers”, “processes performance 

requirements”, and “strategic outcomes”. Tjahjono et al. (2017, p. 1176) argue the four main 

features of Industry 4.0 that will transform the supply chains although there is no conclusive 

description of the concept.  
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• “Vertical networking of smart production systems”: The stages of production processes 

based on CPSs are autonomous and smart factories are flexible and react faster to changes 

in customer demand. Therefore, manufacturing processes achieve accurate mass 

customisation (Dombrowski et al., 2017, p. 1061). 

• “Horizontal integration of global value chain networks”: The application of CPSs needs 

strategies, networks, business models to fulfil horizontal integration. All the production 

stages from development to distribution are identified if there is any change in customer 

needs through the transparency within value chains (Wolf et al., 2013, p. 296). 

• “Engineering support across the entire value chain”: The design, development, and 

manufacturing processes are supported via technical developments and deployed with the 

utilisation of big data (Nagy et al., 2018, p. 13). 

• “Acceleration through exponential technologies”: The automated systems of Industry 

4.0 create flexibility, rapid manufacturing, customisation, and reduced cost (Xu et al., 

2018, p. 2946). 

     According to Min et al. (2019, p.8), data transparency and IT technologies related to agile 

decision-making processes could assist firms to build, develop and maintain relationships with a 

larger number of supply chain partners, this leads to improve their product and service diversity 

and reduce their costs. As an example of that, through an open platform-based supply chains, 

companies could ascertain trustworthy partners around the globe remotely by checking their 

delivery performance or whether they are complying with codes of conduct. Da Silva et al. (2019, 

p. 553) show that the reactions to changes in operational activities happen in real-time due to the 

synchronisation of data and information flow on all phases of the supply chain in the concept of 

supply chain 4.0. Recent online trends enable growing service expectations of customers 

combined with the trends on individualisation and customisation; therefore, constant changes 

occur in Stock Keeping Units (SKUs) of companies. Changes in requirements can be dealt with 

more precisely when they use a wide range of advanced technologies; also supply chains could 

react faster (Alicke et al., 2017, p.1). 

      Considering the discussions above, disruptive technologies and digitalised processes are 

changing the structures and business models of several industries as well as the supply chains to 

which they belong (Pfohl et al., 2015, p. 31, Da Silva et al., 2019, p. 546). According to Tjahjono 

et al. (2017, p. 1181), the most obvious benefits of supply chains through the implementation of 

Industry 4.0 are increased productivity, efficiency, flexibility, and quality standards. Ivanov et 

al. (2019, p. 840) advocate that the information flow in supply chains plays a supreme role in the 

operations; this, in turn, will decrease waste and risks in supply chains. By building on new trends 

and a broad range of new technologies, supply chains will become much faster and more accurate 
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on information and physical flow, planning activities, performance and order management, 

inventory, supply chain service, and costs (Alicke et al., 2017, p.1). Although supply chain 4.0 

could be accomplished after a progressive transformation process including environmental, 

social, and societal dimensions; however, the dimensions could be varied by the company which 

is being transformed (Dossou, 2018, p. 457). 

      Hofmann et al. (2019, p. 945) explain that supply chain 4.0 is a new phase of improvement 

in supply chains, in which the materials, information and financial flows are coordinated through 

automation and digital technologies. Accordingly, the digitalisation of company processes might 

simplify the integration of firm functions and supply chain partners (Ardito et al., 2019, p. 324). 

In this context, the effects of digital disruption entail a shift from traditional supply chain 

activities to digital supply chains to underpin new production models, shipping modes, customer 

feedbacks, and real-time information exchange (Queiroz et al., 2019, forthcoming). Despite 

improvements in digital technologies, understanding of digital supply chains is nevertheless in 

its initial stages (Büyüközkan and Göçer, 2018, p. 157). Consequently, the prior literature does 

not provide the structure of digital supply chains extensively to encourage organisations and their 

supply chain members on the way of their digital transformation. Thus, the following sections 

try to define the concepts of supply chain integration and performance and their dimensions, 

later, understand their relationships with Industry 4.0. Also, these relationships are grounded by 

two well-known theories in the strategic management; the resource-based view (RBV) and 

relational view (RV) theories. 

2.2. Review of Supply Chain Integration  

  2.2.1. The Concept of Supply Chain Integration (SCI)  

SCI is a significant field to enhance long-term competitiveness in supply chain practices 

(Kaliani Sundram et al., 2016, p. 1445). According to Zhu et al. (2018, p. 212), different 

definitions are considered to conceptualise SCI; “the locus of integration (which functional 

groups are integrated) and substance of integration (which information and organisational 

processes are integrated)”. In this thesis, the definitions of the scholars related to SCI were also 

divided into three categories by considering the study of Zhu et al. (2018). The first group 

includes the definitions concentrated on the locus of integration. The second group consists of 

the definitions of the substance of integration. Finally, the third group covers both locus and 

substance of integration in their definitions of SCI. The detailed descriptions are shown in Table 

4.  
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Table 4. Key Definitions of SCI 

Category Authors Definitions 

The 

definitions 

related to 

locus of 

integration 

Liu et al. (2016, 

p.14) 

“SCI refers to the degree to which a firm collaboratively deploys its resources and 

capacities with channel partners”  

Ataseven and 

Nair (2017, p. 

252) 

“SCI manifests in terms of integration of internal operations within a firm as well as 

external integration with customers and suppliers”  

Wong et al. 

(2017, p. 554) 

“The concept of SCI is defined as the inter- and intra- organisational coordination and 

collaboration among different partners in a supply chain” 

The 

definitions 

related to 

substance 

of 

integration 

Singh and 

Power (2013, 

p.6418) 

“SCI includes cooperation, collaboration, information sharing, trust, partnerships, 

shared technology and a fundamental shift away from managing individual functional 

processes, to managing integrated chains of processes”  

Chang et al. 

(2016, p.283) 

“SCI is a collaborative and coordinated management of intra and inter-organisational 

information, processes and behaviours to create maximum value”   

Kauremaa and 

Tanskanen 

(2016, p. 72) 

“the SCI literature has mainly considered with the integration process, SCI and the 

performance, and the antecedents of SCI” 

Turkulainen et 

al. (2017, p. 

290) 

“In order to develop a deeper understanding of integration, research needs to move 

beyond performance outcomes to examine the context in which integration occurs. 

Such a focus would build greater insight into organisational designs and processes that 

enable effective and accurate processing of information” 

The 

definitions 

related to 

both locus 

and 

substance 

of 

integration 

Zhao et al. 

(2015, p.162) 

“SCI refers to the degree to which a firm can strategically collaborate with its supply 

chain partners and collaboratively manage the internal and external processes to 

provide the maximum value to the customer at low cost and high speed”  

Yu et al. (2016, 

p. 4198) 

“SCI involves a strategic collaboration between a focal firm and its customers and 

suppliers in managing boundary spanning business activities, including collaboration 

in purchasing, planning and forecasting, and joint product development”  

Manuel 

Maqueira et al. 

(2018, p. 2083) 

“Supply Chain Integration (SCI) (integration of financial, physical and information 

flows) consists of cooperation, interaction and collaboration through all of the links 

that shape the supply chain” 

Jajja et al. 

(2018, p. 120) 

“The strategic collaboration with key supply chain partners and effective and efficient 

management of intra- and inter-organisational activities related to the flow of products, 

services, information, finance and joint decision-making are identified as supply chain 

integration” 

Mora-Monge et 

al., (2019, p. 

526) 

“SCI is commonly associated with a firm’s level of alignment of internal and external 

processes and strategic linkages with its trading partners” 

Source: Compiled by the author 

In order to conceptualise SCI, the author analysed several high-quality research papers 

selected from “Web of Science (WoS)” and “SCOPUS”. Table 4 shows some example 

definitions of the articles gathered through well-known management and supply chain journals 

such as “International Journal of Production Economics”, “Journal of Operations Management”, 

“International Journal of Production Research”, “European Management Journal”, “The 

International Journal of Logistics Management”, “Journal of Business Logistics”, “Supply 

Chain: An International Journal” and so on.  

The definitions corresponding to “locus of integration” describe the integration of supply 

chain partners, meaning that coordinative and collaborative activities of suppliers, customers, 

and other channel members. The definition of Liu et al. (2016, p. 14) emphasises that SCI is the 

extent to which a company can deploy its resources and capacities with its supply chain partners. 
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Ataseven and Nair (2017, p. 252) refer that “SCI manifests in terms of integration of internal 

operations within a firm as well as external integration with customers and suppliers”. SCI has a 

major role in simplifying collaborations and coordination across supply chains (Wong et al., 

2017, p. 554)  

The definitions related to “substance of integration” focus on integrated processes of supply 

chains, meaning that functional internal and external processes such as information integration 

and operational processes in SCs. The definition of Singh and Power (2013, p.6418) is that SCI 

consists of “cooperation, collaboration, information sharing, trust, partnerships, shared 

technology and fundamental shifts away from individual functional processes”. Chang et al. 

(2016, p.283) describe the concept as “a collaborative and coordinated management of intra and 

inter-organisational information, processes and behaviours to create maximum value”.  

Kauremaa and Tanskanen (2016, p. 72) indicated that technological infrastructure and related 

information flows between activities are necessary for the usefulness of SCI. The study of 

Turkulainen et al. (2017, p. 301) addresses the information processing requirements in the 

context of SCI.  

Finally, some scholars describe SCI by focusing on both “locus and substance of integration” 

(Zhao et al., 2015, p.162; Yu et al., 2016, p.4198; Maqueira et al., 2018, p.2083; Jajja et al., 2018, 

p. 120; Mora-Monge et al., 2019, p. 526). Zhao et al. (2015, p.162) define SCI as a degree of 

collaboration between a company and its partners to manage internal and external processes and 

effective and efficient flows of products, services and information to offer maximum value to 

customers at a low cost. SCI is comprised of strategic collaboration between a firm and its 

suppliers and customers including procurement, planning, forecasting and product development 

collectively (Yu et al., 2016, p.4198). Manuel Maqueira et al. (2018, p.2083) emphasise that 

recently the developments of IT increase the real-time information between processes as well as 

integration between partners. SCI is the level of building “inter-organisational strategies, 

processes, policies and actions” between partners (Jajja et al., 2018, p. 120). Mora-Monge et al., 

(2019, p. 526) define SCI as an “alignment of internal and external processes and strategic 

linkages with trading partners”.  

Beheshti et al. (2014, p.21) identify that “an effective supply chain requires organisations to 

form a partnership with their supply chain network and employ advanced technology to link with 

their business partners and customers”. Briscoe and Dainty (2005, p.320) have shown that supply 

chains could vary in many different forms, complexities and diversities; therefore, although many 

authors argue that improving management practices lead to better integration; however, it is 

evident that in reality, it is difficult to achieve. SCI is strictly linked to coordination mechanisms 

and refers to business processes that facilitate inter-related within and outside the firm boundaries 
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(Cagliano et al., 2006, p.283). The vast focus on products and materials in the definitions of 

supply chain integration maintains the empirical studies are mostly based on the manufacturing 

context (Silvestro and Lustrato, 2014, p.299).  

There is no doubt that one of the most ascendant concepts in supply chain management is 

integration; however, companies are not always accomplished in implementing high level of 

integration (Cagliano et al., 2006, p.295). The lack of integration among partners reduces 

operational efficiencies which compromise supply chain performance (Campbell & Sankaran, 

2005, p.3325) The direct linkage with suppliers or customers reduces marketing costs and adds 

value to the production activities (Dunay et al., 2018, p. 201; Feher, 2012, p.353). SCI needs a 

comprehensive strategic plan and top management commitment. Moreover, it needs a carefully 

improved assessment strategy which analyses the significance of relationships among supply 

chain members (Beheshti et al., 2014, p.28). Patnayakuni et al. (2006, p.40) indicate the 

importance of information sharing with partners to improve value creation; therefore, 

relationship-specific assets must be learned and invested by managers for rich information 

exchange, learning and value creation in long term relationships. Szegedi et al. (2017, p. 266) 

show the significance of cooperation, information sharing and investing in partnerships in inter-

organisational SCs. Zhou et al. (2018, p.62) stress that the concept of SCI applies in sharing 

information, trusting each other and shaping inter-organisational relationships; therefore, both 

buyers and suppliers should understand and plan the adoption strategies of SCI. The study also 

underlines that the main barrier to adapting SCI is an unwillingness to share some significant 

supply chain information between suppliers and buyers. Morvai (2014, p. 11) created the 

variables, which affect the supplier and buyer side integration for the Hungarian sample. The 

study showed that “applying modern supply chain methods”, “cooperation aspects” and “factors 

of trust” are the prerequisite concepts to accomplish high integration with suppliers and 

customers.  

As explained previously, Table 4 presents the main representative definitions of SCI identified 

from literature, providing an exhibit in perceptions of the meaning and scope of the SCI concept. 

SCI is highly related to “coordination of value chain activities”, “integration of supply chain 

partners”, and “information sharing between the partners”. Therefore, this dissertation used the 

definition of Chang et al. (2016, p. 283), which is that “SCI is a collaborative and coordinated 

management of intra and inter-organisational information, processes and behaviours to create 

maximum value”.  This dissertation follows the approach offered by this definition to understand 

the SCI concept and its relationships with the other concepts. 
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2.2.2. The Elements of Supply Chain Integration (SCI)  

SCI has been a strongly researched theme during the last twenty years; however, no 

compromise has been taken on the measurement of the concept and operationalisation (Alfalla-

Luque et al., 2015, p. 244). Besides, SCI could be conceptualised as a multidimensional construct 

since prior research examines the concept with different sub-elements (Liu et al., 2016, p. 14; 

Chang et al., 2016, p.283; Birasnav and Bienstock, 2019, p. 150).  

Some scholars have categorised SCI into three elements: “supplier integration”, “internal 

integration” and “customer integration” to analyse the concept from a broader perspective (Zhao 

et al., 2015, p. 171; Beheshti et al., 2014, p.27; Ataseven and Nair, 2017, p.257; Birasnav and 

Bienstock, 2019, p. 150; Jajja et al., 2018, p.135; Lotfi et al., 2013, p.472). These studies mainly 

identify that the most successful firms are ones that couple their customers, suppliers and internal 

functions. Zhao et al. (2015, 163) state that the multifaceted nature of SCI is significant to 

perceive the relationships between SCI and performance. Beheshti et al. (2014, p.28) note that 

the supply chain strategy should consist of the internal integration activities within the company 

and structure for connecting these activities with supply chain partners to obtain extensive gains 

of integration. Ataseven and Nair (2017, p.257) explain the concept as a broader level, internal 

integration refers to intra-organisational aspects while customer integration and supplier 

integration evaluate relationships that companies enhance in their upstream and downstream 

activities. Jajja et al. (2018, p.135) show that sharing information, joint decision making and 

collaboration between partners as well as internal departments within organisations are important 

aspects to measure effective integration through SCs. Alternatively, some scholars argue only 

internal and external integration to elucidate the elements of SCI (Chaudhuri et al., 2018, p.699; 

Danese et al., 2013, p.126; Willis 2016, p. 767); however, integration with both suppliers and 

customers is generally regarded as external integration. Thus, this dissertation generally uses 

similar definitions of supplier and customer integration to explain external integration.  

In addition, some authors only focus on particular dimensions of SCI such as only on customer 

integration (Enkel et al., 2005, p. 205, p. 203; Piller et al., 2004, p. 435) or only on supplier 

integration (Petersen et al., 2005, p. 371; Das et al., 2006, p. 563) or both (Zhou et al., 2018, p. 

60; Frohlich and Westbrook, 2001, p.193) beyond internal integration. For instance, the analysis 

of Zhou et al. (2018, p. 60) measures the extent of supplier and customer e-supply chain 

integration through web-based implementation processes. The measurement also consists of 

some items such as “web-based usage on procurement”, “order scheduling and tracking”, 

“inventory planning” and “demand forecasting” activities for supplier integration; also, 

“customer profiling, online order taking, after sales support and demand forecasting” for 

customer integration. Another study conducted by Frohlich and Westbrook (2001, p.193) 
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investigates the strategies of supplier and customer integration with 322 manufacturing 

companies. The five different strategies of integration, called “arcs of integration”, representing 

“inward, periphery, supplier, customer, and outward facing groups”.  

Other studies also describe the elements of SCI with different approaches (Campbell and 

Sankaran, 2005, p. 3332; Cagliano et al., 2006, p.284; He and Lai, 2012, p.794; Kim and 

Cavusgil, 2009, p. 497; Tsanos et al., 2014, p.436). Campbell and Sankaran (2005, p. 3332) 

enhance their framework by grounding in companies’ experiences and perspectives about SCI; 

and they classify their SCI elements into three facets of integration; “internal integration”, 

“forward integration” and “backward integration”. Their inductive model concentrates on various 

items in integration internally, backward SC activities and forward SC activities on an 

organisational structure basis. Cagliano et al. (2006, p.283) investigate upstream supply chain 

mechanisms in particular aiming at the integration of production-logistics processes. The two 

main elements, “integration of information flows and physical flows”, were analysed through the 

adoption of a lean paradigm. He and Lai (2012, p.794) investigate different impacts of operational 

and strategic supply chain integration on firm performance, considering that the strategy of 

integration is also important as well as the integration scope for external, internal integration. 

Kim and Cavusgil (2009, p. 497) use two elements: “Interfirm Activity Integration (IAI)” and 

“Interfirm Systems Integration (ISI)” for measuring SCI. IAI refers to the extent of participation 

of SC partners in collaborative planning and forecasting whereas ISI is regarded as the readiness 

of the company’s SC communication system to support interfirm activities. Tsanos et al. (2014, 

p.436) highlight two elements: “Information Integration” and “Coordination of Operational 

Decisions (OPC)” to conceptualise SCI. According to their definitions, information integration 

stimulates information flows across SC participants while OPC activities refer to the integration 

of physical flows among partners. 
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Table 5. Elements of SCI used in the literature 

SCI Elements  The Authors Operationalisation/Most Common Items 

(i) Supplier 

Integration (SInt) 

 

(ii) Internal 

Integration (IInt) 

 

(iii) Customer 

Integration (CInt) 

Zhao et al. (2015, p.171); 

Beheshti et al. (2014, p.27); 

Ataseven and Nair (2017, p.257); 

Birasnav and Bienstock, (2019, p. 

150); Jajja et al. (2018, p.135); 

Lotfi et al. (2013, p.472) 

SInt/CInt: The level of information exchange, the 

establishment of quick ordering systems, the level of 

strategic partnership, monitoring collaborative 

activities, the participation of suppliers, adjustments in 

delivery with major suppliers/customers 

IInt: Real-time/data integration in internal functions, 

internal information sharing and decision making, 

usage of cross-functional teams in process 

improvement, new product development and strategic 

planning, etc. 

(i) Internal Integration 

(IInt) 

 

(ii)External 

Integration (EInt) 

Chaudhuri et al. (2018, p.699); 

Danese et al. (2013, p.126); Willis 

(2016, p. 767) 

IInt: same as the definition above 

EInt: closer linkages, integrating processes and 

information exchange with customers and suppliers - 

same definitions as SInt and CInt above 

(i) Operational 

Integration 

 

(ii) Strategic 

Integration 

He and Lai (2012, p.794) Operational Integration: all partners agree upon 

processes such as the physical, spatial, temporal and 

economic nature of SCI. On the customer side, the 

term refers to delivering products efficiently at 

competitive prices 

Strategic Integration: synchronising main 

competencies and abilities of SC partners together to 

maintain service capabilities at a low cost 

(i) Interfirm Activity 

Integration (IAI) 

 

(ii) Interfirm Systems 

Integration (ISI) 

Kim and Cavusgil (2009, p. 497) IAI: The capability of a company to integrate 

activities with SC participants to achieve a competitive 

advantage such as adjusting business plans and 

strategies collaboratively 

ISI: This explains the level of a company’s 

communication system whether it is ready or not, so it 

promotes interfirm activity integration. 

(i) Information 

Integration 

 

(ii) Coordination of 

Operational Decisions 

(OPC) 

Tsanos et al. (2014, p.436) Information Integration: It refers to the capability of 

accessing information related to operations and 

important data for product and services flows in SC  

OPC: Coordination of OPC activities such as demand 

management, sales, operations, resource planning and 

material planning through SC. 

(i) Internal Integration 

(IInt) 

 

(ii) Backward 

Integration (BI) 

 

(iii) Forward 

Integration (FI) 

Campbell and Sankaran (2005, p. 

3332) 

IInt: multidivisional activities, cross-functionality, 

companies’ business units related to supply chain, 

activity-based costing, supply chain segmentation 

BI: Supplier selection; management of suppliers (such 

as communication, collaborative planning, VMI, 

sharing demand information); performance of 

suppliers; the closeness of relationships; technological 

usage with suppliers 

FI: Relationship management such as level of 

connectivity with partners, performance rewards are 

given to customers, inventory management, 

collaborative planning with partners 

(i) Physical Flow 

Integration (PFI) 

 

(ii) Information Flow 

Integration (IFI) 

Cagliano et al. (2006, p.284) PFI: It refers to purchasing activities such as supply 

base leveraging and rationalisation 

IFI: Leveraging information between partners to 

develop internal activities and operations management 

Source: Compiled by author 
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Table 5 shows the elements of SCI and their explanations/items studied by different scholars. 

Additionally, Table 6 indicates the common dimensions used in the studies mentioned in Table 

5.  

  Table 6. Dimensions of SCI 

Studies Internal 

Int* 

Supplier 

Int* 

Customer 

Int* 

Operational 

Int* 

Strategic 

Int* 

Activity 

Int* 

Systems 

Int* 

Information

Int* 

Campbell 

and 

Sankaran 

(2005) 

X X X      

Cagliano 

et al. 

(2006) 

 X      X 

Kim and 

Cavusgil 

(2009) 

     X X  

He and 

Lai 

(2012) 

   X X    

Danese et 

al. (2013) 

X X X      

Lotfi et 

al. (2013) 

X X X      

Beheshti 

et al. 

(2014) 

X X X      

Tsanos et 

al. (2014) 

   X    X 

Zhao et 

al. (2015) 

X X X      

Willis 

(2016) 

X X X      

Ataseven 

and Nair 

(2017) 

X X X      

Chaudhu

ri et al. 

(2018) 

X X X      

Jajja et 

al. (2018) 

X X X      

Birasnav 

and 

Bienstock 

(2019) 

X X X      

Note: Int* denotes “Integration” 

Source: Compiled by the author 

In table 6, it has been shown that all dimensions used in the studies above. However, based on 

the analysis “internal integration”, “supplier integration” and “customer integration” were the 

most common elements used in the studies. Therefore, in this dissertation, SCI can be ultimately 

classified into three elements: “supplier integration” (SInt), “internal integration” (IInt) and 

“customer integration” (CInt). Although these elements are highly connected; however, they 
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have different roles in SCI (Danese et al., 2013, p. 126). In the rest of the sections, each element 

will be explained in detail.    

  The Concept of Internal Integration in SCI  

Chang et al. (2016, p.283) state that “internal integration” implies “a company’s coordination 

and collaboration of information, processes and behaviour within a company”. According to 

Danese et al. (2013, p.127), internal integration is the extent to where functions could be worked 

in a cooperative manner within a company in order to solve conflicts for the sake of acceptable 

outcomes. Qi et al. (2017, p.164) argue that the departments within a company must operate as 

part of an integrated system, and company structures, its organisational strategies, activities and 

operations should work collaboratively and synchronically to meet the requirements of its 

customers (Flynn et al., 2010, p. 59; Silvestro and Lustrato, 2014, p.300). Information sharing 

and joint decision making among departments within an organisation are two important factors 

to integrate the organisational activities internally (Chaudhuri et al., 2018, p. 696; Jajja et al., 

2018, p. 135). Furthermore, Birasnav and Bienstock (2019, p. 153) explain that the united system 

of a company including information system structure between employees to deliver products and 

services strengthens the integration of production systems internally and improves dissemination 

of coordination and collaboration of internal entities. 

The significance of “internal integration” is widely viewed by scholars in the fields of 

operation and performance management (Danese and Bortolotti, 2014, p.7077; Beheshti et al., 

2014, p.27; Ellinger et al., 2015, p.480; Gimenez et al., 2012, p. 585; Huang et al., 2014, p. 65). 

As pointed out by Chang et al. (2016, p.292), internal integration has shown a stronger impact 

than external integration on firm performance. Chaudhuri et al. (2018, p. 705) show that internal 

integration highly influences the flexibility performance of enterprises. Boon‐itt and Yew Wong 

(2011, p.268) found that internal integration positively affects customer delivery performance. 

The study also mentions that the relationship between internal integration and delivery 

performance could be reinforced when internal integration is supported by information 

technologies. Silvestro and Lustrato (2014, p.314) advocate that a lack of internal integration 

leads to lesser performance in supply chain activities. 

It is also noteworthy that some studies suggest that organisations should first concentrate on 

internal integration rather than external integration because internal integration is viewed as the 

root of supplier and customer integration (Delic et al., 2019, p. 3; Cagliano et al., 2006, p.295; 

Chang et al., 2016, p. 292; Sacristán-Díaz et al., 2018, p. 702). The role of internal integration is 

vital for technical and social links through the activities of external integration due to increasing 

information, financial and physical flows between partners (Sacristán-Díaz et al., 2018, p.702). 
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Cagliano et al. (2006, p.295) believe that most enterprises have a failure on external integration 

because of a lack of their activities on internal integration. According to Glenn Richey et al. 

(2009, p. 829), it is sensible for companies to observe organisational barriers with an internal 

perspective which can be directly controlled. The study notes that internal planning failure occurs 

as a lack of effective planning mechanism whilst external monitoring failure happens as a lack 

of effectively monitoring the external environment. 

Zailani and Rajagopal (2005, p.383) view that internal functions should be integrated on a 

system to system basis, and cross functional behaviour must be adapted rather than solely 

concerning about the functions of single departments within a firm; that is also important for 

successful supply chain activities. In addition, internal integration streamlines “collaboration 

within all functions in the company by breaking down functional barriers” (Kim and Chai, 2016, 

p. 468). Therefore, internal integration mostly converges the unified activities, practices and 

strategies within an organisation. 

  The Concept of Supplier Integration in SCI  

Chaudhuri et al. (2018, p. 696) define “supplier integration” as information sharing, improving 

coordination approaches, joint decision making and system couplings such as “vendor managed 

inventory (VMI)”, “just in time (JIT)” and “Kanban” activities, and continuous improvement 

with main suppliers. “Supplier integration” supports companies as a way of improving their 

production plans, providing their products and services on time and consequently, maintaining 

their delivery speed (Chen et al., 2018, p.207). Also, close integration with suppliers improves 

visibility in companies’ upstream activities; therefore, it reduces the uncertainty of the focal 

firm’s activities such as decreasing the bullwhip effect and transaction costs. In addition, it is 

significant to increase the extent of real-time information sharing with suppliers to respond better 

to customer orders, demand fluctuations and decrease lead time (Vanpoucke et al., 2017, p.514; 

Chen et al., 2018, p.207). Zailani and Rajagopal (2005, p.383) indicate that working closely with 

suppliers such as the degree of their involvement in decision-making of an organisation and the 

level of the strategic partnership with them through long-term relationships and alliances are in 

the context of supplier integration. As a result, a highly coordinated delivery system in upstream 

activities could be achieved through collaborative actions between suppliers and a focal company 

(Droge et al., 2012, p.251). Dainty et al. (2001, p.171) present that less integration with the 

supplier is the main barrier of hindering the activities of SC among other elements.  

Studies also demonstrate that there is a strong relationship between supplier integration and 

different areas of performance management (Huo, 2012, p. 604; Wong et al., 2011, p. 612; 

Narasimhan and Kim, 2002, p. 320; Shou et al., 2018, p. 356). Boon‐itt and Yew Wong (2011, 

p.269) analyse that supplier integration positively affects the delivery performance of SCs; 
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moreover, internal integration is not solely adequate without supplier integration in order to 

accomplish performance measures. Beheshti et al. (2014, p.28) reveal that the degree of supplier 

integration positively affects the financial performance of manufacturing companies; for this 

reason, managers need to improve strategies to maintain a higher level of integration with their 

suppliers. Flynn et al. (2010, p. 66) examine the effect of supplier integration on operational and 

business performance, and both are significantly related to the degree of supplier integration. 

However, the study explains that examination of the impact of the individual elements of SCI is 

not ample; all elements of SCI should be taken into account to examine the effects on 

performance fully. Ataseven and Nair (2017, p. 262) have found that the relationship between 

supplier integration and aggregate performance is moderated by financial and operational 

performance.  

  The Concept of Customer Integration in SCI 

Vanpoucke et al. (2017, p.514) define customer integration as “flows of information, service 

and materials to customers; also includes information flowing back from customers to the focal 

firm”. Danese et al. (2013, p.126) view the concept as the extent of developing collaborative 

relationships and intimacy between manufacturer and customer such as highlighting the issues 

of exchanging information, collectively planning activities and partnerships of customers. There 

are several ways to embrace customer integration, including customer relationships, decreasing 

lead time and tracking the products (Droge et al., 2012, p.251). A higher extent of customer 

integration improves the competitive standing of the supply chain (Vanpoucke et al., 2017, 

p.514). 

Furthermore, customer satisfaction is a business terminology to yield customer needs and 

expectations (Simon and Yaya, 2012, p. 1027). Some authors have found a close relationship 

between customer integration and customer satisfaction (Yu et al., 2013, p.355; Alfalla-Luque et 

al., 2015, p.261; Zailani and Rajagopal, 2005, p. 388; Droge et al., 2012, p.251). The companies 

which are likely to have closer customer relationships have higher customer satisfaction and a 

higher level of responsiveness through information obtained from their customers (Droge et al., 

2012, p.251). In addition, decisions of customers increase the coordination of materials at the 

focal company (Vanpoucke et al., 2017, p.514). Zailani and Rajagopal (2005, p.383) explain that 

working closely with customers and following up on their feedback are the key issues of customer 

integration. The level of customer involvement could also increase the efficiency of delivering 

products to customers; thus, it is also associated with financial performance due to reducing costs 

and conceiving demand changes more quickly (Yu et al., 2013, p.355; Beheshti et al., 2014, p.28) 

and with firm performance such as quality, delivery and flexibility (Huo, 2012, 604; Flynn et al., 

2010, p.66; Shou et al., 2018, p. 356; Alfalla-Luque et al., 2015, p.261).  
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In recent years, firms have also needed to focus on new customer integration techniques; 

therefore, they address them to achieve customisation techniques (Smith et al., 2013, p. 877; 

Matzler et al., 2011, p. 231; Lai et al., 2012, p. 443). This requires a company to establish a 

strategic collaboration with customers, to foresee their needs and to react to changing 

requirements easily (Droge et al., 2012, p.251). Therefore, industrial managers should share some 

information with their partners to guarantee the flow of materials; however, only a few companies 

are willing to have close links with their customers in strategic decisions due to concerns about 

sharing their business plans and competitive strategy (Bagchi et al., 2005, p.288). Companies 

should increase the level of implementation of usage of VMI, continuous replenishment or 

Kanban systems (Razmi et al., 2010, p. 773; Bagchi et al., 2005, p.287; Jajja et al., 2018, p. 135) 

to improve their strategic collaboration with their customers as well as using advanced 

manufacturing technologies to easily respond to customers’ needs (Birasnav and Bienstock, 

2019, p.153; Schumacher et al., 2016, p. 164). 

 

 

Figure 3. The Dimensions and Items of SCI 

Source: Author’s own elaboration 
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Based on the literature, the author adopted the scale of Jajja et al. (2018, p. 135) for each 

concept explained above to measure SCI. Figure 3 indicates the dimensions and items used in 

this dissertation for the scale of SCI. 

2.3. Review of Supply Chain Performance  

  2.3.1. The Concept of Supply Chain Performance (SCP)  

Analysing performance evaluation systems was the main concern during the 1990s (Estampe 

et al., 2013, p.249). Performance management (PM) attempts to explore measurement systems 

and their elements which would be compiled within the organisation strategy. Hausman (2004, 

p.66) believes that SCs are required to enforce the three main elements; “service, assets and 

speed”. Here, “service” reflects the capability to foresee, capture and fulfil customer demand and 

on-time delivery while “assets” cover the activities required commercial value, especially 

inventory and cash. “Speed” involves time-based metrics such as activities of quick response. 

Beamon (1999, p.276) defines the PM as “analysing performance measurement systems that are 

already in use, categorising performance measures and then studying the measures within a 

category and building rules of thumb or frameworks by which performance measurement systems 

can be developed for various types of systems”. Hervani et al. (2005, p.332) define performance 

measurement systems as “tangible or intangible measures with a balance of both types used to 

measure performance”. Their definition also comprises dynamic measures at multiple levels, 

including products and processes, a team approach based on a corporate strategy, both internal 

and external communications resulting in clear outcomes for decision-makers. Performance 

measurement must be viewed as performance management that helps companies improve their 

organisational structure and their abilities resulting in innovations in the companies. Fawcett et 

al. (2007, p.359) mention that the ability of companies to optimise SC performance gives them a 

unique competitive advantage.  

To define SCP in this thesis, several high-quality research papers selected from “Web of 

Science (WoS)” and “SCOPUS” have been analysed. Table 7 demonstrates some examples of 

explanations of the articles gathered through well-known management and supply chain journals 

such as “International Journal of Production Economics”, “International Journal of Operations 

and Production Management”, “Benchmarking: An International Journal”, “Industrial 

Management & Data Systems”, “International Journal of Information Management” and so on. 

After reviewing the articles related to SCP, the definitions of SCP have been categorised into two 

groups. The first category consists of a systematic view of SCP while the second group explains 

SCP as a metric-based approach. The detailed definitions are shown in Table 7. 

Some scholars define PM systems as a systematic approach; which refers to determine the 

procedures and steps to evaluate the outcomes and obtain optimum achievements 
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(Chithambaranathan et al., 2015, p. 310; Kaliani Sundram et al., 2016, p. 1448; Dossou and 

Nachidi, 2017, p. 839; Dweekat et al., 2017, p. 272; Hung Goh and Eldridge, 2019, p. 84). 

Chithambaranathan et al. (2015, p.310) define performance analysis as offering significant 

feedback information to SC managers “to monitor implementation, reveal progress, enhance 

communication and diagnose problems”. Chithambaranathan et al. (2015, p.311) state that 

performance analysis could be observed as a multiple criteria tool from a global point perspective. 

Kaliani Sundram et al. (2016, p. 1448) describe the concept “as a systematic process of measuring 

the effectiveness and efficiency of supply chain operations”. Dossou and Nachidi (2017, p. 839) 

claim that performance indicators help organisations to measure current and future activities of 

companies, and it is important to find the optimum by integrating criteria. Dweekat et al. (2017, 

p. 272) argue that efficient PM in supply chains needs some steps; (i) identifying business 

perspective, performance features, and choosing an accurate performance evaluation method; (ii) 

determining a way of gathering data; and (iii) identifying values and benefits behind them. Hung 

Goh and Eldridge (2019, p.84) view performance management as an “output control” which is 

“the evaluation of files, records and reports submitted by organisational units to senior 

management”. The company adjusts some goals to be accomplished, determining independent 

tasks in the concept of project management and guide the responsible people towards these tasks 

(Galbraith, 1974; Malone and Crowston, 1994). 

     Some research papers explain the concept of PM with the metric-based approach, which 

defines that PM could be conceptualised with performance metrics, KPIs and capabilities of 

companies (Mishra et al., 2016, p. 186; Gawankar et al., 2016, p. 26; Zhang et al., 2016, p. 806; 

Maestrini et al., 2017, p. 301; Wu and Chiu, 2018, p. 8). Mishra et al. (2016, p. 186) highlight 

that SCP underlines a company’s certain capabilities, involving “order fill capacity, delivery 

dependability, customer satisfaction and delivery speed”. PM addresses the suitable key 

performance indicators (KPIs) of a company; therefore, it generally consists of cost efficiency 

and time responsiveness parameters of organisations (Gawankar et al., 2016, p. 26). SCP is 

conceptualised as “aggregate financial and operational performance measures and referring to 

buyers and/or suppliers” (Zhang et al., 2016, p. 806). Maestrini et al. (2017, p. 301) highlight that 

PM involves the processes and functions that serve the company’s management interest; thus, it 

is developed within an individual company’s boundaries. A set of metrics determined by a 

company improves the efficiency and effectiveness of supply chain activities. Wu and Chiu 

(2018, p. 8) consider the SCP as a formative construct that builds relationships with channel 

members with financial and non-financial items.  

Performance measurement is a crucial concept and practice in SCM due to implementing both 

internal and external - involving SC partners - performance items. Besides, the determination of 
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key performance indicators (KPIs) is a significant concern as their validity must be based on the 

validity of previous research (Lu et al., 2019, p.35). The gap between the planning and execution 

and unplanned events results in distortions in SCs; therefore, the partners in SCs are required to 

make adequate adaptations to close the gap. “Key Performance Indicators” (KPIs) enhance the 

entire visibility of the supply chain as well as planning activities of supply and demand. Also, 

supply chains need to apply an in-system approach, which is comprised of feedback and 

monitoring activities for the survival of the supply chain (Chae, 2009, p.423). Balfaqih et al. 

(2016, p.145) advocate that performance measurement in SC is a procreative research area due 

to the distinguished perceptions among scholars. The concept still needs to build specific needs 

of enterprises to be discovered as well as the assignation of KPIs and validation of empirical 

results.  

Table 7. Key Definitions of SCP 

Category Authors Explanations 

The Systematic 

Approach 

Chithambaranathan et al. 

(2015, p. 310) 

“The evaluation regarded to monitor implementation, reveal 

progress, enhance communication and diagnose problems”  

Kaliani Sundram et al. 

(2016, p. 1448) 

“SCP has been defined as a systematic process of measuring the 

effectiveness and efficiency of supply chain operations” 

Dossou and Nachidi (2017, 

p. 839) 

“Performance criteria are used for measuring the existing and future 

systems. The performance of a system (supply chain) is improved by 

finding an optimum by combining criteria” 

Dweekat et al. (2017, p. 

272) 

PM requires  “understanding the system’s business environment by 

analysing the SC from a business perspective, identifying its 

performance attributes, and selecting a suitable balanced scorecard 

for its performance evaluation; finding a way to collect data; and 

finding a reference to compare with in order to determine values or 

benefits” 

Hung Goh and Eldridge 

(2019, p. 84) 

“SCP is an ‘output control’ which is the evaluation of files, records 

and reports submitted by organisational units to senior management”  

The Metrics-

based approach 

Mishra et al. (2016, p. 186) 

It “reflects upon certain capabilities of a firm namely; order fill 

capacity, delivery dependability, customer satisfaction and delivery 

speed” 

Gawankar et al. (2016, p. 

26) 

“Supply chain performance measurement (SCPM) is framed on the 

basis of appropriate key performance indicators (KPIs) of the firm” 

Zhang et al. (2016, p. 806) 

“Supply chain performance has been conceptualised in numerous 

ways, as aggregate financial and/or single operational performance 

measures, and referring to buyers and/or suppliers” 

Maestrini et al. (2017, p. 

301) 

“a set of metrics used to quantify the efficiency and effectiveness of 

supply chain processes and relationships, spanning multiple 

organisational functions and multiple firms and enabling SC 

orchestration”.  

Wu and Chiu (2018, p. 8) 

“Performance is conceptualised as a formative construct with 

financial and non-financial indicators. This is because the two 

indicators intend to define firm performance rather than manifest it, 

and firm performance is a composite of the two indicators that may 

be very different” 

Source: Compiled by author 
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    As mentioned before, Table 7 shows the various definitions and perspectives of the scholars 

about SCP. Considering the definitions above, in this thesis, SCP is defined as a “systematic 

process of measuring the effectiveness and efficiency of supply chain operations”, which is the 

same definition of Kaliani Sundram et al. (2016, p. 1448). 

2.3.2. The Performance Measurements and Metrics in SCM 

Effective performance management (PM) systems have enormous potential for companies 

(Gunasekaran et al., 2001, p.72). However, only a few of them could comply with developing 

effective performance measures and metrics for integrated SCs; also, they lack revealing these 

measures and metrics with the concrete direction that is necessary for the strategies of their 

organisations (Bhagwat and Sharma, 2007, p. 44; Hudson et al., 2001, p. 805). Gunasekaran et 

al. (2004, p.335) suggest that targets of measurement exemplify organisational objectives; and 

metrics selected must represent a trade-off between financial and non-financial items to measure 

performance effectively. Moreover, companies should focus on the supply chain as a whole rather 

than concentrating on intra-company performance when they develop performance measurement 

tools (Shepherd and Günter, 2010, p.117; Hausman, 2004, p.63)  

One of the well-known approaches to performance management provided by Kaplan and 

Norton (1992), is called a “balanced scorecard (BSC)”. This measurement system identifies long 

term strategic objectives supported by short term actions rather than measuring short term 

financial metrics as the sole items. BSC is based on four main aspects: learning and growth, 

business processes, customers and finance. Another model, the “Supply Chain Operations 

Reference” (SCOR) was developed by the “Supply Chain Council” (SCC) to support companies 

in enhancing the effectiveness of their SCs and offering a process-based approach (Lockamy and 

McCormack, 2004, p.1192). The following areas; “Plan”, “Source”, “Make” and “Deliver” are 

the basis of the model to achieve communication between SC partners. Gunasekaran and Kobu 

(2007, p.2824) examine the most well-accepted approaches of PM. According to their research, 

performance measurement in logistics and supply chain systems could be categorised as follows: 

- “Balanced Score Card Perspective”, which is a well-known model of Kaplan and Norton 

(1996) involves five perspectives (“financial”, “customers”, “internal processes”, “innovation 

and improvement”, and “employees”). 

- “Components of a performance measure”, which is a model of Beamon (1999), is viewed as 

performance measures in detail and characteristics of SC towards “resource utilisation”, “output” 

and “flexibility”. 

- “Location of measures in SC links”, where the model is based on the SCOR model, improved 

by the SCC. The model focuses on SC phases in the “plan, source, make and deliver”. 



 
  

41 

- Decision-making levels, which were improved by Gunasekaran et al. (2001), highlighting a 

framework for evaluating “strategic”, “tactical” and “operational performance” in SCs.  

- Nature of measures, which evaluates SCP using financial and non-financial items to evaluate 

performance at the operational level. 

- Measurement base, which divides the main measurement bases into quantitative and qualitative 

measurement, changes in KPIs based on strategic objectives of the company. 

- Traditional and modern measures identify the measurement systems as a function-based and 

value-based.  

     One of the well-known PM model, BSC, is strongly used in previous studies (Ferreira et al., 

2016, p. 1420; Chung et al., 2016, p. 10; Mehralian et al., 2017, p. 119; Truong Quang and Hara, 

2019, p. 1744). Ferreira et al. (2016, p. 1420) develop an assessment model of the environmental 

performance in supply chains, using the BSC approach. The four dimensions used in the research; 

financial indicators associated with the costs, supplier indicators such as suppliers’ degree of 

compliance with legislation and to meet customers’ needs, processes indicators such as level of 

quality of processes, percentage of waste generated, transportation of goods and raw materials 

and direct and indirect processes related to production, and learning and growth-related with the 

training of employees. Chung et al. (2016, p. 10) also improve a model on sustainable 

performance indicators based on BSC’s four dimensions; however, additionally, the study added 

a sustainable development dimension because of the relevance of the subject. Mehralian et al. 

(2017, p. 119) analyse the relationship between total quality management (TQM) and 

performance of the pharmaceutical companies, applying the BSC perspective. The study employs 

the basic indicators of the BSC approach; “financial, customer, internal and learning and growth 

items”. Truong Quang and Hara (2019, p. 1744) examine the relationship between supply chain 

risks and performance, based on the four balanced perspectives, market share growth and ROI 

counted as financial indicators while timeliness on delivery, product and service quality and 

response time to customer related to customers’ indicators. Also, the number of new product 

development and employee flexibility are innovation and learning indicators and production 

waste, costs of inventory and employee productivity are internal factors in the study.  

On the other hand, the scholars adopted the model of Beamon (1999) to evaluate their PM 

models (Maghsoudi and Pazirandeh, 2016, p. 129; Um et al., 2017, p. 18; Wu and Chiu, 2018, p. 

17). Maghsoudi and Pazirandeh (2016, p. 129) also adopted the items of Beamon (1999) to 

evaluate SCP. The study used total operational cost and cost-related items as resource utilisation; 

target fill rate achievement, minimum response time, and preventing stock-outs as output; and 

supply, production and demand flexibility items as the flexibility dimensions.  Um et al. (2017, 

p. 18) used dynamic capabilities view to examine the linkages between product variety 
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management and SCP. The study employed cost efficiency, customer service and flexibility 

items. The items selected for cost efficiency are similar to the items of resource utilisation, and 

customer service items were similar to output items considering the study of Beamon (1999). Wu 

and Chiu (2018, p. 17) examined the impact of supply chain collaboration on firm performance. 

The study employed the output and flexibility dimensions to evaluate the performance. The items 

of on-time delivery to customers, demand flexibility, new product development, product 

conformance and react to market change were seen as output and flexibility items. Wu and Chiu 

(2018, p. 17) also used financial items such as improving return on investment, return on assets, 

sales growth, reducing production and inventory cost, which are similar items of “resources” 

dimension based on the study of Beamon (1999), although these items were adopted from another 

study.   

The already mentioned model, the SCOR model, also employed by scholars (Dissanayake and 

Cross, 2018, p. 108; Kottala and Kotzab, 2019, forthcoming; Lima Junior and Ribeiro Carpinetti, 

2019, p.22). According to Dissanayake and Cross (2018, p. 107), responsiveness items evaluate 

the level of speed on the tasks, while agility items are the ability to respond and change, which 

also refers to production flexibility on the study. The items of reliability highlight the quality 

indicators which help organisations to perform their tasks. Finally, asset management evaluates 

the level of utilising assets of organisations; therefore, the items selected were inventory in hand, 

value at risk and outstanding sales. Kottala and Kotzab (2019, forthcoming) developed a scale 

measurement referencing the SCOR model between performance indicators. They argue that the 

efficiency and effectiveness indicators should be considered in the proposed models in order to 

measure SCP. The study categorised the related metrics in five dimensions; “plan, source, make, 

deliver and return”. The metrics selected in the study were “quality of delivery goods”, “cash to 

cash cycle time”, “economic order quantity”, “delivery reliability”, “manufacturing lead-time”, 

“total cash flow time”, “inventory turnover ratio”, “warranty/returns processing cost”. The 

assessment of PM conducted by Lima Junior and Ribeiro Carpinetti (2019, p. 22), shows that PM 

requires the involvement of many member firms; therefore, it is a transversal process. The results 

of the business activities must be measured through leading and lagging metrics-based internally 

and externally. The proposed model of the study involves “order fulfilment metrics”, “order cycle 

time”, “upside and downside flexibility and adaptability”, “overall value at risk”, “return on 

working capital”, “return on fixed assets”, “cash to cash cycle time” and “total costs” to serve as 

the metrics of “reliability”, “responsiveness”, “agility”, “assets” and “costs” dimensions. 

Some studies also used decision-making levels, considering the strategical, operational and 

tactical measures (Petljak et al., 2018, p. 14; Khan et al., 2019, forthcoming). Petljak et al. (2018, 

p. 14) also attempt to investigate the indicators to achieve sustainable SCP. Improvements related 
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to environmental goals and collaboration with suppliers were identified as a strategic level while 

transportation and purchasing functions were more based on an operational foundation in supply 

chains. The study used environmental indicators such as reducing waste items and collaboration 

with suppliers and economic items such as reducing transportation, warehousing and reverse 

logistics costs to measure SCP. Khan et al. (2019, forthcoming) state that supply chains need 

long and short-term decisions and criteria to measure SCP. Long term decisions refer to the long-

lasting decisions that influence companies such as decisions related to warehouse or distribution 

locations and their capacities, and automation of the manufacturing processes. Short-term 

decisions involve the daily and weekly forecasting activities, or logistics processes for order 

fulfilment.  

Finally, some scholars adopted the “measurement base” approach, employing KPI measures 

of companies in their models (Anand and Grover, 2015, p.157; Gardas et al., 2018, p. 268). Anand 

and Grover (2015, p.157) list the indicators in four aspects; “transport”, “information 

technology”, “inventory” and “resource optimisation”; and these aspects are divided into sub-

categories such as “delivery, time, frequency, capacity, cost, quantity, service, IT 

implementation, and responsiveness” related performance indicators. Gardas et al. (2018, p. 268) 

developed 14 key essential indicators for the improvements of PM through experts’ opinions, 

these indicators include “organisational management”, “competitive and regulatory pressures”, 

“knowledge and training”, “brand image”, “economic”, “environmental”, “collaborative” and 

“reverse logistics” dimensions.  

Gunasekaran et al. (2001, p.72) argue that scholars need to further explore the context of 

performance management for the following two reasons; the first one is due to a lack of 

understanding of companies about the significance of financial and non-financial performance 

measures.  The second one is because of a lack of understanding of companies on the differences 

of the metrics at strategic, tactical and operational levels. For this reason, effective SC 

performance management deals with the idea of the whole supply chain goals and metrics to be 

used. The significant categories of PM are widely explained in the literature (Piotrowicz and 

Cuthbertson, 2015, p.1081; Beamon, 1999; Bullinger et al., 2002; Holmberg, 2000; Morgan, 

2004; Shepherd and Gunter, 2006) by introducing the linkages between an organisation’s strategy 

and system of PM; however, still it can be observed that different approaches were used in the 

studies (Table 8).  
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 Table 8. The studies and Metrics Used in SCP 

Category Authors Evaluation Method Performance Metrics 

The BSC 

Perspective 

(“financial, 

customers, internal 

processes, learning 

and growth” 

indicators) 

Ferreira et al. 

(2016, p. 
1420) 

Case Study 

“Financial” (total costs of investments), “suppliers” (number of complaints, 
compliance with legislation), “processes” (wasting processes, 

transportation, packaging, direct and indirect process items) and “learning 
and innovation” (number of hours of employee training) 

Chung et al. 

(2016, p. 10) 
Questionnaire 

“Financial” (revenue growth, productivity, return on capital, cost 

management, risk management, investment strategy), “customer” (customer 
satisfaction, market share, customer profitability, customer retention rate) 

“Internal” (innovation and business processes, information system 
capabilities, products database management) 

“Learning and Growth” (employee factors, incentives and authorisation and 
supplier management capabilities) 

Mehralian et 
al. (2017, p. 

119) 

Questionnaire 

“Financial indicators” (profitability, risk and growth); “customer indicators” 
(market share, customer satisfaction); “internal indicators” (internal process 

improvements) and “learning and growth indicators” (organisational 
change, innovation and growth) 

Truong 
Quang and 

Hara (2019, 
p. 1744) 

Questionnaire 

“Financial” (market share growth, ROI), “customer service” (delivery 
timeliness, product and service quality, response time to a customer), 

“internal” (amount of production waste, costs of inventory, employee 
productivity) and “innovation and learning” (employee flexibility, a number 

of products developed per year) 

The Components of 

performance 

measures 

(“Resource 

utilisation, Output 

and Flexibility” 

indicators)  

 

Maghsoudi 

and 
Pazirandeh 

(2016, p. 
130) 

Questionnaire 

“Resources”: cost-related items, total operational cost 

“Output”: Target fill rate achievement, minimum response time and 
preventing stock-outs 

“Flexibility”: supply, production and demand flexibility items 

Um et al. 
(2017, p. 18) 

Questionnaire 

“Resources items” (total cost of distribution, manufacturing and inventory 
holding) have been named as “cost efficiency items”. Also, “output items” 

(order fill rate, on-time delivery, customer response time, order lead time 
and customer satisfaction and complaints reduction) have been named as 

“customer service items”. Finally, some “flexibility items” were selected 
(changes in supplier side, production volume, production, demand, etc.) 

Wu and Chiu 

(2018, p. 17) 
Questionnaire 

“Output” and “Flexibility”: on-time delivery to customers, demand 

flexibility, new product development, product conformance and react to 
market change also used financial items  

“Resources”: improving return on investment, return on assets, sales growth, 
reducing production and inventory cost 

The Location of 

measures in SC 

links  

Dissanayake 
and Cross 

(2018, p. 
108) 

Case study 
The metrics related to “reliability, responsiveness, agility, and asset 

management” on supply chains 

Kottala and 

Kotzab 
(2019, 

forthcoming) 

Questionnaire 

The items are categorised in the “plan, source, make, deliver and return” 
dimensions. The metrics selected are the “quality of delivering goods”,  

“cash to cash cycle time”, “economic order quantity”, “delivery reliability”, 
“manufacturing lead-time”, “total cash flow time”, “inventory turnover 

ratio”, “warranty/returns processing cost” 

Lima Junior 

and Ribeiro 
Carpinetti 

(2019, p.22) 

Fuzzy 

Logic/mathematical 
modelling 

“Reliability”: Order fulfilment metrics 

“Responsiveness”: Order cycle time 
“Agility”: Upside and Downside flexibility, overall value at risk, upside SC 

adaptability 
“Assets”: Return on working capital, return on fixed assets, cash to cash 

cycle time  
“Costs”: Total costs to serve 

The Decision-

making levels 

(“Strategic, 

Operational and 

Tactical Level”) 

Petljak et al. 

(2018, p. 14) 
Questionnaire 

Two dimensions used to measure SCP; “environmental and economic” 
indicators: “reducing waste” items and “cooperation with suppliers” as 

“environmental indicators” and “reducing transportation”, “warehousing 
and reverse logistics costs” were “economic indicators” 

Khan et al. 

(2019, 
forthcoming) 

Fuzzy analytic 

hierarchy process 

“Decision-making levels” are identified as a long and short-term basis. Short 
term metrics are “satisfying daily and weekly forecasting”, “short term 

relations with suppliers”, “logistics activities for order fulfilment”. Long 
term metrics are “warehouse location and capacity”, “manufacturing 

processes” such as automation, network design in SCs 

The Measurement 

base 

Anand and 
Grover 

(2015, p.157) 

Literature Review 
KPIs based approach – “transport, information technology, inventory and 

resource optimisation” 

Gardas et al. 

(2018, p. 
268) 

Case Study 

14 essential KPIs were determined for SCP including, “organisational 

management”, “competitive and regulatory pressures”, “knowledge and 
training”, “brand image”, “economic”, “environmental”, “collaborative” 

and “reverse logistics” dimensions and so on 

Source: Compiled by the author 
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As indicated in Table 8 and 9, authors approach the different perspectives and metrics to 

observe performance assessment; mostly they attempt to identify critical success factors which 

meet with organisational goals and KPIs. Therefore, it might be a challenge to accept a universal 

consensus-related to proper measures on examining performance on SCs (Akyuz and Erman 

Erkan, 2009, p.5150). The use of financial indicators such as cost related items heavily directs 

PM models due to their quantitative nature so they are easily measured (Sezen, 2008, p. 233).  

  Table 9. Dimensions of SCP 

Studies Cost Customer Flexibility 
Operational 

achievements 

Anand and Grover 

(2015) X X X X 

Ferreira et al. 

(2016) X   X 

Chung et al. (2016, 

p. 10) X X  X 

Maghsoudi and 

Pazirandeh (2016) X X X X 

Fantazy et al. 

(2016) X X  X 

Mehralian et al. 

(2017) X X  X 

Um et al. (2017) 
X X X X 

Wu and Chiu 

(2018) X X X X 

Dissanayake and 

Cross (2018) 
    

Petljak et al. (2018) 
X   X 

Truong Quang and 

Hara (2019) 
X X  X 

Kottala and 

Kotzab (2019) X   X 

Lima Junior and 

Ribeiro Carpinetti 

(2019) 
X  X X 

Khan et al. (2019) 
 X  X 

Source: Compiled by the author 

However, today’s SCs need to consider SC operational activities (Fantazy et al., 2016, p.1275; 

Fawcett et al., 2007, p.360; Kaplan and Norton, 2001, p.157) and customer-related factors 

(Anand and Grover, 2015, p. 153; Sezen, 2008, p. 234; Reddy et al., 2019, p.42) on the 

assessment of PM. Another point is that Kamble and Gunasekaran (2020, p. 70) argue that the 
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lack of measures of flexibility has been found in previous PM models. Beamon (1999, p. 281) 

developed a framework that includes critical aspects of organisational goals and supply chain 

characteristics. According to research, “resources, output and flexibility” are the key elements to 

achieve strategic organisational goals. In the current dissertation, these three categories of SCP 

have been operationalised as followed. Based on Table 9, cost factors were identified as resource 

utilisation items, while customer and operational achievements were considered as output items.  

  The Concept of ‘Flexibility’ in SCP 

Flexibility refers to “the functional ability to respond to a changing environment” (Um et al. 

(2017, p.7). Golden and Powell (2000, p.376) emphasise that “flexibility is the capacity to adapt” 

from numerous definitions in the literature. Here, “capacity” is used rather than “capability” 

because of multi-dimensional characteristics of the concept. Similarly, Cheng et al. (1997, p.147) 

adopt the basic definition of flexibility as “the ability to be bent or the ability to be reshaped”. 

Although flexibility refers to the reactive ability of companies; however, it also has a strategic 

role (Stevenson and Spring, 2007, p.701). Bernardes and Hanna (2009, p. 33) believe that the 

concept of flexibility is an enabler to offer superior value to customers rather than a direct 

influence on customers’ needs. Furthermore, the concept plays a role in handling uncertainty in 

SCs (Stevenson and Spring, 2007, p.701). 

After the late nineties with the growing interest in supply chain issues, firms would like to go 

beyond the boundaries of intra activities and elaborate the activities with their supply chain 

partners; therefore, interchain competition from a raw material supplier to final customer was 

considered a significant issue. Therefore, value chain flexibility which includes purchasing, 

manufacturing and logistics within the network gives superior value to the final customer 

(Manders et al., 2017, p.973). In the supply chain context, companies are highly focused on the 

flexibility concept to accomplish a competitive advantage with low-cost competition and 

coordination of their partners; in this sense, they could respond to customer needs quickly, 

introduce new products using less effort and offer different types of products (Shuiabi et al., 

2005, p.697). However, the notion of flexibility on SCs has arisen in the manufacturing flexibility 

literature; thus, it highly emphasises to a manufacturing context by omitting the role of other 

activities (Jafari et al., 2016, p.447; Cheng et al., 1997, p.147). According to Esmaeilikia et al. 

(2014, p.411), manufacturing flexibility could be regarded as process flexibility, manufacturing 

capacity flexibility and delivery flexibility; the initiatives of manufacturing flexibility is mostly 

practiced at the strategic level. Studies also indicate the four identifiable characteristics of the 

manufacturing flexibility including “new product flexibility”, “mix flexibility”, “volume 

flexibility” and “delivery flexibility” (Slack, 2005, p.1193; Chu et al., 2012, p.116; Oke, 2005, 

p.975).  
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Another point is that a higher level of supplier flexibility gives manufacturers much potentials 

over responsiveness against their competitors. Sreedevi and Saranga (2017, p. 334) define 

“supplier flexibility” as the level of flexibility within an upstream supplier network, supply 

contracts, and collaborative supplier relationships. Supplier flexibility mainly focuses on the 

ability of suppliers to respond to dynamic changes in production; however, suppliers often have 

a limited capability to react to customer needs (Christopher, 2000, Garavelli, 2003, p.151); 

therefore, manufacturers should manage a shared vision strategy with their suppliers to perform 

better in some production activities (Chu et al., 2012, p.124). Identically, responsiveness to 

changes in downstream activities is a part of marketing-based flexibility, also known as “demand 

flexibility”. This type of flexibility is the ability to respond to demand variations by managing 

ordering activities, customer service, price and discounts and promotions, which are also 

sometimes characterised by agility activities (Gunasekaran and Kobu, 2007, p. 2825; Yu et al., 

2012, p.1208). 

As discussed above, the concept of flexibility has been thoroughly analysed in the categories 

of the manufacturing flexibility including delivery performance (Sreedevi and Saranga, 2017, p. 

334; Sezen, 2008, p. 235; Gerwin, 1993, p. 395; Sáenz et al., 2018, p. 238), supplier flexibility 

(Kamalahmadi and Mellat-Parast, 2016, p. 302; Saghiri and Barnes, 2016, p. 170; Avittathur and 

Swamidass, 2007, p. 717), demand flexibility (Sajjad et al., 2016, p. 2633; Finck et al., 2018, p. 

409; Chen and Tseng, 2007, p. 596) or ability to respond to new products, markets or new 

competitors (Beamon, 1999, p. 284; Sezen, 2008, p. 235; Shuiabi et al., 2005, p.697). Therefore, 

these concepts will be used to examine the operations of manufacturing companies on flexibility 

performance in the current dissertation. 

  The Concept of ‘Output’ in SCP 

According to Beamon (1999, p. 280), output measures customer responsiveness in general 

because, without acceptable output, customers could switch to other supply chains. Purbey et al. 

(2007 p.244) identify that output and processing measurement could be used for performance 

management to create better objectives and results for companies. In light of the growing 

attention to customer experience quality, outcomes also are counted as an important aspect of 

value creation (Kumar and Singh, 2019; Mccoll-Kennedy et al., 2017). 

Numerous studies have viewed “output performance” as corresponding to customer 

satisfaction (Sezen, 2008, p.234; Deshpande, 2012, p. 18; Chan, 2003, p.538; Kasiri et al., 2017, 

p. 92; Chan et al., 2003, p.636). Sezen (2008, p.234) explains that output is generally related to 

customer satisfaction; thus, it includes the items consistent with organisations’ activities, 

operations, and services to meet customer expectations. These items were classified as on-time 

deliveries, sales, profit, lead time, order fill rate, customer response time, shipping errors and 
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customer complaints (Sezen, 2008, p.234). Equivalently, the study of Deshpande (2012, p. 18) 

mentions “output” could be measured with the metrics of customer satisfaction such as product 

quality, the total time for producing the item, and on-time deliveries. Chan (2003, p.538) clarifies 

that evaluating the number of customer complaints registered is a direct measurement item for 

measuring the level of customer satisfaction. However, the study supplements time-related items 

to retain customers because unsatisfied customers might prefer another company as a 

consequence of the poor service level of the previous company. Chan et al. (2003, p.636) argue 

that customer satisfaction level could be counted as a qualitative measurement which is not 

shown with direct numerical measurement, despite the fact that some items could be quantified. 

Other studies (Cai et al., 2009, p.515; Khare et al., 2012, p. 27) also investigate the items of 

measuring “output” performance. Cai et al. (2009, p.515) use four categories: “sales or profits”, 

“rates of stockouts”, “fill rate” and “lead time of order fulfilment” whilst Khare et al. (2012, p. 

27) employ the items such as “total revenues”, “percentage of the order filled”, “on-time 

deliveries”, “the lead time between order and delivery”, “backorder”, “customer complaints 

received”, and the “total amount of time to produce the products” in order to measure output 

performance. 

The effects of globalization push companies to improve more sophisticated methods on 

productivity management; thus, quality control, reducing lead times, more outputs produced to 

meet demand were achieved at the expense of customer satisfaction (Bitici et al., 2012, p.313). 

Some studies (Kasiri et al., 2017, p. 92; Izogo and Ogba, 2015, p. 262) indicate that organisations’ 

service level is highly associated with customer satisfaction and output performance. For this 

reason, in the current dissertation, output performance corresponds to both organisation’s 

strategic goals and customers’ goals (Beamon, 1999, p. 283). 

   The Concept of ‘Resource Utilisation’ in SCP  

Today’s supply chains are volatile in terms of demand; as volatility on-demand increases, 

manufacturing processes could lose their stability which leads to the source of their undeemed 

efficiency (Yin et al., 2017, p. 70; Fattahi et al., 2013, p.1095). Shepherd and Günter (2010, 

p.106) introduce a performance measurement system as quantifying the effectiveness and 

efficiency of an action. Here, efficiency indicates how economically companies’ resources are 

exploited when offering a pre-assigned extent of customer satisfaction. Szegedi and Illes (2006, 

p.840) state that minimising costs and maximising customer service levels are the main attributes 

for organisations to progress in SC performance. According to Angerhofer and Angelides (2006, 

p.284), the mission of competitiveness may be originated in two broad strategies; reducing cost 

production and product differentiation. Therefore, the objective of operations strategy is to 
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maintain the positioning and evaluate the success of outcomes; which leads to utilising optimum 

usage of all company’s resources. Maghsoudi and Pazirandeh (2016, p.135) indicate that resource 

items are crucial for companies’ performance; if a company does not exploit resources well, they 

can lose their further funding from donors. The study used mainly operational cost-related items; 

“the total cost of resources used”, “ordering cost”, “general costs”, etc., to measure organisations’ 

resources performance. Alike, Adel El-Baz (2011, p.6682) expressed that resource measures are 

directed to achieve a high degree of efficiency. The measurement of resources offers goals related 

to cost efficiency such as “total cost of resources”, “inventory”, “manufacturing” and 

“distribution” costs existing in SCs (Um et al., 2017, p. 7).  

Decreasing waste and increasing cost efficiency have been concentrated in determining the 

deficiencies in particular processes and at length maintaining profits (Dunuwila et al., 2018, 

p.588, Chaiwan et al., 2015, p.187). Some scholars argue that modern technologies such as IoT 

(Arnold et al., 2016, p.8), cloud (Wu et al., 2015, p.3), additive manufacturing (Elser et al., 2018, 

p. 1512; Ford et al., 2015, p.6) provide the optimisation of production systems in terms of costs, 

efficiency, reliability, time, and so forth. Another study conducted by Eguía et al. (2017, p.1033) 

shows reconfigurable manufacturing systems via advanced technologies could decrease the 

number of inputs consumed such as tools and models applied, material, and energy. Although 

technological advancements enhance organisations performance particularly in better resource 

utilisation, Shahbazi et al. (2017, p.113) stress that only a few companies still achieve resource 

efficiency on their KPIs, which occurs mainly in lacking productivity and material cost efficiency 

to accomplish fulfilling customer needs.  

To be concluded that, measuring resource performance of organisations is commonly based 

on minimum requirements – quantity - or composite efficiency items (Beamon, 1999, p. 281). 

Thus, the present dissertation examines items such as “total cost”, “distribution cost”, 

“manufacturing cost”, “inventory” and “return on investment (ROI)” to measure the resource 

performance of enterprises. 
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Figure 4. The Items and Dimensions of SCP 

Source: Author’s own elaboration 

Based on the literature, the author adopted the scale of Beamon (1999, p. 281) for each concept 

explained above to measure SCP. Figure 4 indicates the dimensions and items used in this 

dissertation for the scale of SCP. 

2.4. The Relationship Between Industry 4.0, SCI and SCP and Hypotheses 

Development    

  2.4.1. The Relationship between Industry 4.0 and SCI 

            According to Lasi et al. (2014, p.240), the production process via Industry 4.0 is actualised 

with dynamic networks; therefore, it is essential to develop concepts related to production with 

network partners. Through Industry 4.0, new strategies, networks and business models will be 

generated under the context of horizontal integration, which is one of the promises of Industry 

4.0 (Tjahjono et al., 2017, p. 1177; Rüßmann et al., 2015, p. 1; Bibby and Dehe, 2018, p. 1038). 

As discussed previously, Industry 4.0 is described as recent technological advances that use 

Internet standards, therefore, the concept may lead to the integration of physical objects, 

employees, production lines and networked and agile SCs (Schumacher et al., 2016, p. 162).  

      Although there is a lack of empirical evidence for the relationship between Industry 4.0 and 

SCI; however, much research could be done regarding the exploitation of IT and digital 
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technologies on SCI (Yu et al., 2016, p. 4203; Lee et al., 2016, p.2; Smart, 2008, p. 243; Frohlich 

and Westbrook, 2001, p.196; Crespo Marquez et al., 2004, p.362). Yu et al. (2016, p.4199) 

suggest that the capability of IT is viewed as an enabler of SCI due to streamlining relationships 

between partners such as sharing information in a timely manner. The results of the study reveal 

that a higher degree of IT capability increases SCI. The comprehensive model of Crespo Marquez 

et al. (2004, p.362) considers that the use of e-collaboration tools is significant for SCI; such as 

using Internet tools and installing an electronic payment system. The implementation of new 

technologies could begin with collaborative demand forecasting and sequenced by collaborative 

planning by sharing and assisting the inventory information in the supply chain. Gunasekaran 

and Ngai (2004, p.291) opt that IT implementation is an essential element for the competitiveness 

of companies and supply chains; well-developed IT-enabled integration improves strategic 

planning and infrastructure in SCM. Lee et al. (2016, p.2) claim that integrated IT systems 

increase rapid information exchange in supply chains as well as virtual integration by fostering 

collaboration. Smart (2008, p. 243) demonstrates the evidence of four case studies on the main 

issues of the usage of E-business and IT mechanisms on SCI. Only buy and sell applications used 

in companies would not lead to an integrated supply chain; if these systems are not confirmed 

within a structure of IT integration which assists the benefits at the supply chain level. 

  2.4.2. The Relationship between SCI and SCP 

     The basis of SCI is that smoothing core business processes gain an advantage over competitors 

through reducing costs and creating value related to superior company performance (Chang et 

al., 2016, p.282). Although most researchers recognise that SCI contributes to developing the 

different areas of performance (Beheshti et al., 2014, p.28; Aryee et al., 2008, p.571; Bagchi et 

al., 2005, p. 275); however, the literature indicates mixed findings on the SCI-SCP link; thus, 

discussions on this manner are still open (Danese and Bortolotti, 2014, p. 7062). Beheshti et al. 

(2014, p.28) found that SCI positively influences financial performance. The research conducted 

by Danese and Bortolotti (2014, p.7079) ascertains that full adopters in SCI perform better than 

non-adopters on operational performance categories, such as “quality”, “delivery”, “flexibility” 

and “efficiency”. Similarly, Bagchi et al. (2005, p. 275) found that SCI influences operational 

performance as well as reducing cost and increasing efficiency. Fantazy et al. (2016, p.1275) 

indicate that the extent of information sharing between partners positively influences firm 

performance. Birasnav and Bienstock (2019, p.155) state that SCI is a requirement for many 

companies to improve their competitive capabilities and accomplish superior performance.  

     On the other hand, there are a few studies, showing that SCI may not always improve 

performance (Fabbe‐Costes and Jahre, 2008, p.145; Chaudhuri et al., 2018, p.699; Vickery et al., 

2003, p. 533). The study of Fabbe‐Costes and Jahre (2008, p.145) reinforces a clarification of the 
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term SCI and a better comprehension of the phenomenon by offering a “state of the art” principle. 

However, the research observes an unclear link between SCI and either operational or financial 

performance. The core reason for this explained in the study is due to challenges and the 

complexity of measuring supply chain performance. Likely, Chaudhuri et al. (2018, p. 705) 

discover that there is no direct link observed between external integration -supplier and customer 

integration- and flexibility performance. Also, Vickery et al. (2003, p.533) found an indirect 

relationship between SCI and financial performance; however, customer service plays a fully 

mediating role between these two concepts. 

  2.4.3. The Relationship between Industry 4.0 and SCP  

     As mentioned earlier, Industry 4.0 supports industrial production processes by integrating 

vertical and horizontal activities; thus, it is expected to achieve higher industrial performance 

(Dalenogare et al., 2018, p. 383). However, we know little about the potential contribution of 

Industry 4.0 on performance-related issues, especially in emerging countries (Dalenogare et al., 

2018, p. 383). Although some previous studies attempt to conceptualise Industry 4.0 and its 

related technologies by proposing maturity, readiness, or assessment models (as can be seen in 

section 2.1.3.); only a few studies can be identified on the effects of Industry 4.0 on performance 

(Dalenogare et al., 2018, p. 383; Buer et al., 2018, p. 2934; Frank et al., 2019, p. 20).  

     Dalenogare et al. (2018, p. 391) analyse the impacts of Industry 4.0 technologies on three 

performance dimensions: “product”, “operational” and “side effects”. The findings show that 

some of the technologies are positively related to industrial performance; however, the rest of 

them are still at an initial stage to adopt so the expected benefits are not obvious. Buer et al. 

(2018, p. 2937) state that implementation of Industry 4.0 and lean manufacturing jointly may 

have a positive impact on performance implications; however, they note that several studies 

solely examine on a conceptual level or gathering secondary data. Thus, more empirical studies 

need to be investigated for future research. Frank et al. (2019, p. 20) advocate that smart 

manufacturing processes have a direct influence on the operational performance of organisations. 

      Although there is scarce data in previous studies about the linkage between Industry 4.0 and 

performance; some authors consider particular technologies to observe their effects on PM (Delic 

et al., 2019; Aryee et al., 2008, p.571; Silvestro and Lustrato, 2014, p.318). Delic et al. (2019) 

found that the adoption of Additive Manufacturing (AM) contributes to the positive impacts on 

SCP whilst the empirical study of Aryee et al. (2008, p.571) concludes that both a combination 

of hard variables and soft variables via IT systems (MRP, ERP, EDI) will increase performance 

gains of the companies. Silvestro and Lustrato (2014, p.318) suggest a holistic perspective of the 

flow of physical and financial resources to improve supply chain performance across networks; 
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the findings of their case research also show the importance of developing payment systems and 

technologies which could reduce the dysfunctional impacts of SC information asymmetry. 

     In addition, some research concentrates on the effects of digital technologies on performance 

could be increased by the mediating role of SCI (Delic et al., 2019; Yu, 2015, p.955; Bruque-

Cámara et al., 2016, p.149). Delic et al. (2019) stress that AM adoption positively influences 

supply chain performance, whereby SCI indirectly promotes performance developments enabled 

by the adoption of AM in automotive SCs. Yu (2015, p.955) shows that IT-enabled SCI is 

significantly associated with operational and financial performance. Bruque-Cámara et al. (2016, 

p.149) found that technological transformations such as cloud computing improve SC process 

integration which results in better operational performance. 

     After the discussion on section 2.4.1., 2.4.2, 2.4.3., the following hypotheses are formulated 

in the present dissertation: 

H1: Industry 4.0 positively affects Supply Chain Integration.  

H2: Supply Chain Integration positively affects Supply Chain Performance. 

H3: Industry 4.0 positively affects Supply Chain Performance. 

H4: Supply Chain Integration mediates the relationship between Industry 4.0 and Supply Chain 

Performance.  

2.5. Underlying Theoretical Support  

     The discussion above by now provides for determining key characteristics and elements of 

three main constructs in the research model and relevant studies which show the possible 

relationship between them, whereas this section examines the relationships between Industry 4.0, 

SCI and SCP grounded on two theories: the resource-based view (RBV) and relational view. 

  2.5.1. Resource Based View (RBV): Identifying Firms’ Resources and Performance        

Superiority 

Strategic Management aims to gain a competitive advantage through companies’ important 

assets (Richard, 2000, p. 165). Boyd et al. (2010, p. 593) define RBV as “aligning the 

determinants of perceived quality to competitive advantage, which is reflected in the firm’s 

market prominence”. In other words, the core of the theory underlines “superior firm performance 

is based on firm-specific resources and skills that cannot be easily imitated by competitors” 

(Nwankpa and Roumani, 2016, p. 3). Nath et al. (2010, p. 318) explain that RBV considers an 

organisation as a bundle of resources and capabilities. Specifically, the perspective of the RBV 

effectively states how companies accomplish competitive advantages and maintain them (Lin 

and Wu, 2014, p. 408). Thus, the RBV has emerged as a significant and potent theory of sustained 

superior performance in the strategic management field (Barney and Arikan, 2001, p. 174).  
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Several scholars have employed a resource-based perspective to address the issue of the 

assistance of IT on firm performance (Rivard et al., 2006, p. 29; Haseeb et al., 2019, p. 7; Wu et 

al., 2006, p. 493; Zhuang and Lederer, 2006, p. 251). With the characteristics of new technology 

and resource use, digital technologies could lead to radical and revolutionary changes (Han, 2017, 

p. 87). Wiengarten et al. (2012, p. 31) contend that the RBV sheds some light on the 

argumentative discussion about if IT resources could be used for long term performance 

development, providing that the RBV reveals a direct relationship between resources and 

competitive advantage with a well explained dependent construct and strategic value of particular 

resources. According to Wu and Chiu (2015, p. 27), IT resources, including tangible and 

intangible ones, could be realised as “valuable, rare, inimitable and non-substitutable” to achieve 

performance superiority; and these are counted as the four attributes of the RBV theory. On the 

other hand, Wu et al. (2006, p. 494) argue that when IT is solely implemented, it might not meet 

the RBV criteria due to relatively low obstructions to imitation by other companies, so the 

opportunities related to IT are likely to shorten fairly quickly.  

Based on these explanations, the present dissertation seeks the implementation of Industry 4.0 

in the concept of SCM; thus, it proposes that the assessment of Industry 4.0 could facilitate the 

improvements on SCM, in particular, SCI and SCP since it is organisation-specific and difficult 

to duplicate across enterprises. The RBV offers the underlying foundation for the improvement 

of Industry 4.0 construct in this dissertation because this construct designates a company’s 

capability in IT exploitation. For this reason, the advantage of using sophisticated technologies 

achieved through system-based thinking, Industry 4.0, provides a sustained competitive 

advantage for an organisation (Wu et al., 2006, p. 494). 

  2.5.2. Relational View: Identifying Networks of Organisations and Performance    

Superiority 

      The foremost argument for the relational view is that distinctive inter-firm linkages might be 

a source of competitive advantage (Dyer and Singh, 1998, p. 660; Chen et al., 2013, p. 395). By 

presenting the relational view as a supplement to the RBV, competitive advantage could be 

accomplished by concentrating on dyads and networks of organisations as units of analysis 

(Wieland and Wallenburg, 2013, p. 303). Dyer and Singh (1998, p. 660) explain that 

organisations collaborate to perceive supernormal “relational rents”, described as the basis of the 

relational view (Fawcett et al., 2015, p. 648). Notedly, the relational rents imply four attributes: 

“relation-specific assets”, “knowledge sharing routines”, “complementary 

resources/capabilities” and “effective governance” (Dyer and Singh, 1998, p. 660; He et al., 2013, 

p. 606), and it is defined that supernormal profits created in exchange relationships (Dyer and 

Singh, 1998, p. 662; Zacharia et al., 2011, p. 593). Consequently, organisations that focus on 
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cooperation among SC partners may enhance higher economic benefits compared to ones that 

assimilate the traditional idea of competitive advantage (Paulraj et al., 2008, p. 46).  

 Prior studies investigated the impact of integration in SCs through using the firm’s resources 

and capabilities on performance management (Lee et al., 2014, p. 285; Chen et al., 2013, p. 391; 

Prajogo et al., 2016, p. 220; Sanders et al., 2011, p. 179). Lee et al. (2014, p. 286) present that 

information systems are an inter-organisational source and pioneer to integrate SCs; therefore, it 

contributes to inter-organisational performances. Chen et al. (2013, p. 395) analyse whether IT 

integration of organisations and exchange of knowledge with their key suppliers influence SCP. 

Prajogo et al. (2016, p. 224) posit that the integration of supplier and buyer logistics processes 

including sharing information and coordinating the activities between these entities presents a 

source of competitive advantage for companies. Sanders et al. (2011, p. 179) assume that buyer 

to supplier information sharing, performance feedback and investments in inter-organisational IT 

plays a crucial role in performance improvement.  

 As discussed above, a company’s competitive performance is connected to both internal 

resources and external resources of organisations as well as linkages of their partners in SC. 

Drawing upon the relational view theory, the present dissertation examines the integration of SCs 

(SCI) positively affect SCP because SCI is regarded as strategic alliances and long term 

relationships through information sharing, collaborative actions of partners or involving them in 

the decision making process as suggested in the relational view theory (Dyer and Singh, 1998, p. 

660). Therefore, the current dissertation examines the network relationships in which 

organisations are embedded based on the relational view while it investigates their performance 

superiority from a resource perspective through the RBV. 
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3. MATERIALS AND METHODS 

 

3.1. Quantitative Research Design and Research Method 

 Determination of research design such as using qualitative versus quantitative is significant 

for scholars to establish the guidelines for data collection and method of analysis (Han, 2017, p. 

133). The discussions regarding the choice of qualitative or quantitative research depend on the 

differences in assumptions about what reality is and if data is measurable or not (Newman et al., 

1998, p. 2). Generally speaking, quantitative research is represented with numerical and 

statistical data which reflects the objective of explaining the phenomena (Sukamolson, 2007, p. 

2). Therefore, quantitative research is related to count occurrences, volumes, or size of entities 

(Gelo et al., 2008, p. 267). On the other hand, qualitative research-based data represent the 

analysis of text-based structure from interviews, focus groups, etc. (Clement et al., 2015, p. 12). 

In other words, this type of research seeks to use an interpretive and naturalistic way to deliver 

the meaning of research objectives (Han, 2017, p. 134).  

  Ercikan and Roth (2006, p. 14) demonstrate the difference between qualitative and 

quantitative research in terms of characteristics of data, objectivity and subjectivity in 

constructing data, and generalisability. The characteristics of data are described as the nature of 

data. In organisational research, researchers tend to show the data in written form with tables, 

regression graphs, or standardised notation systems to explain the analysis (Lee, 1992, p. 93). 

Objectivity and subjectivity of data are other concerns, which the former correlates with 

quantitative research while the latter is regarded as qualitative research. Whilst the subjective 

perspective of qualitative research supports the quality of the research, the objective nature of 

quantitative research is replicable by other researchers; however, many phases of data 

construction in quantitative research need “subjective” and “defensible” arguments by the 

scholars (Ercikan and Roth, 2006, p. 17). Another point is the level of generalisability, mainly 

associated with quantitative research rather than qualitative research due to its relevancy for 

statistically observed data (Ercikan and Roth, 2006, p. 18). The methods of quantitative research 

arise in the subjects of natural sciences which underline objectivity, measurement, reliability and 

validity of data (Lee, 1992, p. 87). Considering the characteristics, objectivity and 

generalisability of data, this research applies in quantitative research for the method and analysis. 

  One of the most used methods of quantitative research, the questionnaire method, investigates 

proof of patterns amongst large populations (Harris and Brown, 2010, p. 1). In very general 

terms, researchers think of conducting a questionnaire when it is intended to point out how a 

sample reacts to the world around them or how they may react to changes one may request to 

make (Sinclair, 1975, p. 73). This method is mostly applied by the authors in the field of SCM 
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in order to collect information from respondents (Huo, 2012, p. 600; Prajogo and Olhager, 2012, 

p. 517; Wong et al., 2011, p. 608; Bruque-Cámara et al., 2016, p. 145). Therefore, this dissertation 

employs the questionnaire method to investigate the research questions and hypotheses 

formulated with the analysis of the data from primary sources.  

3.2. Questionnaire Design 

            Although the quantitative method was selected for this dissertation, the background of the 

dissertation was also related to qualitative and exploratory research. A qualitative pilot-test is the 

main stage of the improvement of any questionnaire; that would lead to verify the questionnaire 

by target audiences who provide their understanding of the questions and propose some feedback 

on it (Perneger et al., 2015). Longhurst (2003) explains that applying semi-structured interviews 

in different locations helps researchers explore issues in a particular subject and develop 

alternative methodological methods coupled with higher reflexivity of the process of study. To 

address these concerns, the dissertation employed semi-structured interviews with some 

companies before developing the items of the questionnaire. However, selecting participants to 

interview is an important process since they are the representatives of shaping the research 

(Müller et al., 2018a). For this reason, first of all, we conduct online research about the 

companies, attempting to implement or already implemented Industry 4.0 activities. Later, it has 

been contacted with the industrial institutions, the chambers of commerce, the universities and 

the research institutes in the leading cities in Turkey (Istanbul, Ankara and Izmir) to determine 

successful firms regarding Industry 4.0 and to contact them.  In total, 70 randomly selected 

companies were identified by checking their websites, initiatives on their activities in both 

Industry 4.0 and the supply chain. Later e-mails were sent to their production, operations, 

planning or supply chain managers, in addition to executives of these companies; 14 respondents 

were invited to attend to semi-structured interviews.  Of the 14 companies, nine of them were 

large firms with higher than 250 employees and their annual revenue was more than 20 million 

dollars. Five of them were medium-sized companies with higher than 50 and less than 250 

employees and their annual revenue was higher than 4 million dollars and less than 20 million 

dollars. The selected participants’ experiences ranged from 1 year to 46 years and the duration 

of the interviews lasted from 30 to 90 minutes. The guideline of the interview contained three 

parts; firstly, the participant shortly stated the key operations of the enterprise and his/her position 

in the organisation. The second part was comprised of the questions related to Industry 4.0; main 

concepts and technologies of Industry 4.0 and the current state of its impact on their companies. 

The third section included supply chain-related questions; here the respondents explained what 

performance metrics were important for their companies, impacts of Industry 4.0 on these metrics 

and integration on the supply chain. Moreover, data gathered from the participants were 
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compared to the firms’ websites, and press interviews conducted by the companies. This offered 

more explicit understandings of the validity of the dissertation. The guideline of the interview 

and characteristics of the participants and the organisations are shown in Appendix 1 and 

Appendix 2. 

         A common aim of questionnaire research is to collect data, representing a population. 

Researchers gather information from the questionnaire to generalise their results supported by a 

sample from this population within the limits of random error (Kotrlik and Higgins, 2001). After 

the interview process, the next stage is to identify the items employed in the questionnaire. The 

scale items were adopted from prior research papers; however, the most appropriate scale was 

selected based on the findings of the interviews and conceptualisations of the constructs in the 

literature.  The guideline of the questionnaire (see in Appendix 3) is comprised of four sections; 

(1) the questions linked to company information and profiles of the participants, including the 

position of the respondents in the organisation, employee numbers in the organisation, annual 

revenue turnover of the company and sector of the company. (2) the questions concerning 

Industry 4.0, including the extent to assessment of Industry 4.0 strategy of companies, the extent 

to assess the employee and culture in the activities of Industry 4.0 and the extent to assess 

technologies of Industry 4.0. (3) the questions related to Supply Chain Integration, including the 

degree of integration with suppliers, the extent to integrate internally, the extent to integrate with 

customers. (4) the questions related to Supply Chain Performance, including the extent to 

perform in items of resources, the extent to perform in output items and the extent to perform in 

flexibility items of organisations.   

   The first main construct measures the assessment of Industry 4.0; including three elements: 

strategy and organisation (S&O), employee and culture (E&C), and technology (T). A total of 24 

items were selected to evaluate these elements. The scale items for the elements were improved 

considering the elements of Industry 4.0 previously mentioned in section 2.1.3. and the findings 

of the semi-structured interviews. Based on this, the most appropriate items were selected from 

the research of Bibby and Dehe (2018) to measure the elements of Industry 4.0 (Table 10). 

Through this dissertation, the first element – “strategy and organisation” (S&O)- was evaluated 

using four items; “availability of roadmap” (S&O1), “Industry 4.0 infrastructure” (S&O2), 

“customising products” (S&03), and “external collaborations” (S&O4). The second element – 

“Employee and Culture” (E&C) - was measured using four items; “employee familiarity” 

(E&C1), “employee training” (E&C2), “openness to innovation” (E&C3) and “continuous 

culture” (E&C4). The third element – “technology” - was evaluated using sixteen items; 

“advanced technology” (T1), “supplier technology” (T2), “data access” (T3), “data analysis” 

(T4), “sensor1” (T5), “cloud” (T6), “track and trace” (T7), “autonomous machines” (T8), 
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“customer access” (T9), “CAD” (T10), “3D” (T11), “hard-soft resources” (T12), “digital media” 

(T13), “embracement of digitalisation” (T14), “sensor2” (T15) and “high level of automation” 

(T16). All items were evaluated on a 5-point Likert scale; where (1) represents “not at all”; (2) 

represents “slightly”; (3) represents “moderately”; (4) represents “very” and finally, (5) 

represents “extremely”. Figure 5 displays the measurement model of Industry 4.0.  

 

Figure 5. Measurement Model of Industry 4.0 

Source: Author’s own elaboration 
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Table 10.Construct Measures for Industry 4.0 

 
 Source: Adopted from Bibby and Dehe (2018) 
    

 



 
  

61 

       Table 10 explains the measurement items for the selected element to measure Industry 4.0 

assessment. As previously explained, to measure the Industry 4.0, three elements, “strategy and 

organisation”, “employee and culture” and “technology” elements were identified. These 

elements were measured with 4, 4 and 16 items respectively.  

     The second main construct, SCI, was measured using three elements: “supplier integration” 

(SInt), “internal integration” (IInt) and “customer integration” (CInt). A total of 12 items were 

created to measure these elements. The scale items used previously conducted by Jajja et al. 

(2018); which is close to the items provided by the interviews and the literature. Figure 6 

indicates the measurement model of SCI.  

 

Figure 6. Measurement Model of SCI 

Source: Author’s own elaboration 
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   Table 11. Construct Measures for SCI 

 

    Table 11 demonstrates the items selected to measure SCI. “Supplier Integration” was measured 

using four items; “information sharing with main suppliers” (SInt1), “collaboration with main 

suppliers” (SInt2), “decision making with main suppliers” (SInt3) and “system development with 

main suppliers” (SInt4). “Internal Integration” was evaluated with four items; “information 

sharing with the purchasing department” (IInt1), “decision making with the purchasing 

department” (IInt2), “information sharing with the sales department” (IInt3) and “decision 

making with the sales department” (IInt4). Finally, “Customer Integration” was measured using 

four items; “information sharing with main customers” (CInt1), “collaboration with main 

customers” (CInt2), “decision making with main customers” (CInt3) and “system development 

with main customers” (CInt4). All of the items were evaluated using a 5-point Likert scale; where 

(1) represents “very low”; (2) presents “low”; (3) presents “moderate”; (4) presents “high” and 

finally, (5) represents “very high”.  
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    The third main construct, SCP, was evaluated with three elements: “resources” (RPERF) 

“output” (OPERF) and “flexibility” (FPERF). A total of 17 items were created to measure SCP. 

The scale items used previously conducted by Beamon (1999) which is a well-known model in 

performance measurement. Figure 7 displays the measurement model of SCP.  

 

Figure 7. Measurement Model of SCP 

Source: Author’s own elaboration 
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  Table 12. Construct Measures for SCP 

 
     “Resources” were evaluated with five items: “the total cost of resources used” (RPERF1), 

“the total cost of distribution” (RPERF2), “the total cost of manufacturing” (RPERF3), 

“inventory costs” (RPERF4) and “return on investments” (RPERF5). “Output” was measured 

using seven items: “sales” (OPERF1), “order fill rate” (OPERF2), “on-time deliveries” 

(OPERF3), “customer response time” (OPERF4), “shipping errors” (OPERF5), “manufacturing 

lead time” (OPERF6) and “customer complaints” (OPERF7). Finally, “flexibility” was measured 

using five items: “the ability to respond to demand changes” (FPERF1), “ability to respond to 

periods of low manufacturing performance” (FPERF2), “ability to respond to periods of low 

supplier performance” (FPERF3), “ability to respond to periods of low delivery performance” 

(FPERF4) and “ability to respond to new products, new markets and new competitors” 

(FPERF5). All of the items were evaluated using a 5-point Likert scale; where (1) presents “very 

low”; (2) presents “low”; (3) presents “moderate”; (4) presents “high” and finally, (5) presents 

“excellent”. Table 12 shows the items and elements used to evaluate SCP.  

   Before data collection, the questions used in a questionnaire must be precise; therefore, firstly, 

each question was reviewed by supervisors in terms of phrases describing each item, length, 

readability and avoiding ambiguity of the questionnaire. Later, the survey instrument was also 
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pre-tested by ten practitioners and six academics from the field of supply chain, production and 

operations management to check if the indicators were susceptible for evaluating the models. 

Besides, they revise the questionnaire to adjust any necessary modifications regarding 

terminology, clarity of the phrases and format. A pre-test is significant for self-administered 

questionnaires to avoid confusion of the respondents while they complete the survey 

independently (Han, 2017, p. 177). After the results of the pre-test, small changes were made in 

the questionnaire. Only one question was removed from the Industry 4.0 scale, which was “the 

company’s 3D machines use metal alloys as its raw material”, as an item of technology element. 

This question was found to be very technical and vague by 11 academics/practitioners; for this 

reason, it may cause some distortions on the final results. Also, the 3DP applications in 

developing countries still lag behind those of developed countries (Long et al., 2017, p. 1494); 

therefore, this question may be irrelevant for the respondents. Instead of this item, the question 

which was added based on the recommendations of interviewees and literature, was that “the 

company applies in Computer Aided Design (CAD) software tools to design the 3D models of 

products”. CAD has seen an important enabler of 3DP applications in the literature (Galantucci 

et al., 2006, p. 102; Chlebus and Krot, 2016, p. 20; Tiede and Blaschke, 2005, p. 26). 

Additionally, “employee training toward Industry 4.0” was highlighted through the interviews 

and literature (Lichtblau et al., 2015, p.9; Sjödin et al., 2018, p. 27) in Industry 4.0 assessment; 

for this reason, another question was added into the questionnaire as an item of “employee and 

culture element”, which was “my company supports the training of employees toward Industry 

4.0”. Except this, some of the questions were explained more with examples in brackets to 

improve the explicitness of the questionnaire. As for the scale of SCI and SCP, no questions were 

added to or removed from the questionnaire, only some explanations in brackets were added to 

the items to make them clearer for the respondents.   

One could raise a question about the length of the questionnaire, which may affect the 

response quality; however, many supply chain studies involves a similar number of metrics in 

the last years, particularly to explain the complex relationships between the constructs 

(Świerczek, 2014, p. 99; Wu and Chiu, 2018, p. 16; Wiengarten et al., 2019, p. 557; Ganbold et 

al., 2020, forthcoming). Therefore, this dissertation does not consider the length of the 

questionnaire as an issue. 

The original language of the questions derived from the literature was English. Therefore, the 

questionnaire was translated into the Turkish language by a native speaker in the area of the 

supply chain; and later, it was checked by two other native speakers in the same field for its 

accuracy.  
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3.3. Sampling and Data Collection 

     For this dissertation, the data for hypotheses testing were gathered from the participants who 

were involved in the operational, production, or supply chain activities of the companies. To 

elaborate this, the questionnaire in this dissertation seeks for the respondents’ positions on the 

following: 1) the extent of assessment of Industry 4.0 in their companies, 2) the extent of supply 

chain integration activities in their companies, 3) the extent of supply chain performance metrics 

in their companies. For this reason, the target respondents are CEOs, general managers, 

department heads and professional experts who are familiar with the activities of Industry 4.0 as 

well as understand its impacts on supply chain integration and performance.  

Data for this dissertation were collected from Turkish manufacturing companies listed on 

1000 largest manufacturing companies operating in Turkey according to the Istanbul Chamber 

of Industry (ISO). The term of “supply chain management” which has taken great focus on the 

manufacturing industry (Burgess et al., 2006; Yumurtacı Hüseyinoğlu et al., 2020) also has 

propelled continuous improvement in manufacturing (Zolait et al., 2010). Therefore, 

manufacturing industry has been considered in a sample frame in this dissertation. In a first step, 

we identified the enterprises on the list. Next, it approached the target respondents - such as 

production, operations, supply chain managers, executives, heads- within each of the enterprises 

selected. The questionnaire was sent to the key informants via online channels such as emails, 

their profiles on LinkedIn or via on-site visits made to some of the companies. After sending the 

questionnaire, it was followed up by email. Out of 1000 respondents, a total of 212 usable 

responses were collected. The response rate is 21.2% among the targeted sample. Accordingly, 

all reported analysis is based on a sample of 212 manufacturing firms. 

3.4. Data Analysis 

     This section mainly explains the research approach to analyse the data gathered. Section 3.4.1. 

gives some insights about the PLS-SEM technique used in this dissertation to test the hypotheses. 

Section 3.4.2 examines the procedures of measurement model evaluation, which is crucial to 

analyse the reliability and validity of the measurement constructs and to explain the results of 

Confirmatory Factor Analysis (CFA) for each endogenous variable in the model. Finally, section 

3.4.3. explains the criterion of structural model analysis for examining the complex relationships 

between the variables and evaluating the final model.  

The measurement model and structural model assessments were measured using SMARTPLS 

3 software programme, which is the latest version of SMARTPLS while data preparation tests 

such as normality, common method bias, collinearity tests and descriptive statistics of the data 

were conducted in IBM SPSS Statistics 25.0 software programme. 
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   3.4.1. Overview-PLS-SEM 

Structural equation modelling (SEM) is equivalent to analyse the cause effect relationships 

between latent constructs in management research (Hair et al., 2011, p.139). By using the SEM 

method, latent variables which are hard to measure and unobservable could be analysed to 

overcome business research challenges (Wong, 2013, p.1). Although the prior application of this 

modelling is based on a “covariance-based approach (CB-SEM)”; however, in the last years, 

scholars have also adapted another technique of this approach, variance based “partial least 

square technique (PLS-SEM)” (Hair et al., 2014, p. 107). 

     Ringle et al. (2012, p.4) discuss the comprehensive reasoning of choosing PLS-SEM among 

researchers. The majority of the researchers employs PLS-SEM technique due to small sample 

size. The second reason is non normally distributed data while the third is to use formative latent 

variables. Other substantive reasons suggested by Hair et al. (2011) to prefer PLS-SEM have 

been found so rare in the research. In the present dissertation, small sample size and non-normal 

distributed data are considered as two reasons for choosing PLS-SEM technique. Several 

researchers show that required sample size for CB-SEM is more than 250 (Rigdon et al., 2017, 

p. 6; Reinartz et al., 2009, p. 332; Roberts et al., 2010, p. 4345); therefore, in this dissertation, 

the sample size - 212 samples - is not suitable to use CB-SEM technique. On the other hand, 

PLS-SEM also applies in rule of thumb of 10 cases per predictor, known as 10 times rule, 

whereby total sample size must be 10 times higher than the largest number of reflective items 

used to measure one latent variable (Marcoulides and Saunders, 2006, p. 4; Ringle et al., 2012, 

p. 9; Hair et al., 2011, p. 144). In this dissertation, the largest number of indicators observed to 

measure one construct is 16; therefore, the minimum required threshold for the sample size must 

be 160. Since this dissertation employs 212 samples, it is quite acceptable for PLS-SEM analysis.   

     Another point is that, the data used in this dissertation is non normal distributed which will be 

explained in Section 4.1.1. In this case, using non-parametric tests for further analysis is 

suggested (Ringle et al., 2012, p.4; Hair et al., 2019, p.5). PLS-SEM works well to predict non-

normal distributed data for complex models, nevertheless CB-SEM estimates the linkages well 

for normal distributed data. 

Before moving to the measurement and structural evaluation part, Figure 8 indicates the 

research model which outlines the relationship between Industry 4.0, SCI and SCP. Addressing 

the research questions, more specifically, the research model examines whether “Industry 4.0 

affects SCI”, “SCI affects SCP”, “Industry 4.0 affects SCP” and “SCI mediates the relationship 

between Industry 4.0 and SCP”. 

 



 
  

68 

 

Figure 8. The Proposed Conceptual Model 

Source: Author’s own figure 

All items and elements previously mentioned are analysed as the reflective constructs, which 

are described as the measures that are interchangeable, and eliminating any of the measures 

would not highly affect the meaning and interpretation of the construct (Lee and Cadogan, 2013, 

p. 243). In this research, it has been observed that all previous studies used for the scale 

development (Industry 4.0, SCI, and SCP) in the questionnaire of this dissertation have exerted 

the reflective models for interpreting a particular construct. Besides, Coltman et al. (2008, p. 

1254) suggest that the items need a common theme related to the construct, and the latent 

construct exists independent of the measure used. As an example of this, the measurement of 

Industry 4.0 assessment is evaluated by many scholars (Section 2.1.3.) that they are mostly using 

technology items rather than using strategy and employee and culture. The latent variable, 

Industry 4.0 assessment, in this case, is not measured by the combination of the indicators. The 

same explanations could be done for SCI and SCP. Regarding the theoretical considerations, 

removing one or two items may not make any change to measure the latent variables in our 

model. As an empirical investigation, the items could be checked by correlation analysis. If items 

are highly correlated, that means the framework should be conducted as reflective. In order to 

evaluate that, a non-parametric test, Spearmen Rank Correlation, was conducted. Appendices 4, 

5 and 6 indicate the items which represent each construct do not reflect low correlations with 

each other. Therefore, the model was carried out as a reflective like the previous studies which 

applied the same frameworks. 

In the structural model, the elements of Industry 4.0, SCI and SCP are set as endogenous 

variables. In addition, the main constructs, Industry 4.0, SCI and SCP, measured as the 

endogenous variables. The items which explain the elements are conducted as the exogenous 

variables because they can be directly evaluated through the questionnaire. 
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  3.4.2. Measurement Model Assessment 

       Although both “Exploratory Factor Analysis (EFA)” and “Confirmatory Factor Analysis 

(CFA)” investigate the underlying relationships as a set of latent constructs that explain the 

measured variable, many studies mention that EFA is used for scale development, conversely 

CFA is used for verifying the factor structure of a set of latent variables used in prior studies 

(Hayton et al., 2004, p. 192; Williams et al., 2010, p. 3; Lorenzo-Seva and Ferrando, 2006, p. 

88). Therefore, the current dissertation only applies the CFA technique in order to observe the 

outer loadings of the latent indicators on measured variables as reflecting the measurement of 

indicator reliability. CFA indicates the procedures of reliability and validity assessment criteria 

of measurement construct by explaining “internal consistency reliability”, “convergent validity”, 

“discriminant validity” and “Variance Inflation Factor (VIF) values”, which explain under the 

context of multicollinearity assessment.     

Table 13.Rules of Thumb for Measurement Model Evaluation 

 

    In exploratory research, the values of Cronbach’s alpha and composite reliability must be 

higher than 0.70 - however, 0.60 is also considered acceptable-, while higher values show higher 

levels of reliability (Hair et al., 2012). For convergent validity test, scholars are required to 

analyse the average variance extracted (AVE). An AVE value of 0.50 or more displays a certain 

threshold of convergent validity which states that the latent variable describes more than half of 

the variance of its indicators (Hair et al., 2011, p.146). Indicator reliability explains outer loadings 

of reflective constructs, whereby their standardised loading is more than 0.708 (Hair et al., 2019, 

p.8). Outer loadings represent the contribution of an item into its assigned construct. In reflective 

models, loadings are used rather than outer weights. The PLS algorithm calculates each item’s 

loading to make accurate estimations on the structural models (Hair et al., 2011, p. 141). Since 
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our model is reflective, loadings were calculated rather than weights. Discriminant validity could 

be accepted when the latent variables and other latent variables’ correlations are less than a value 

of communality among the latent variable indicators (Kock, 2017, p. 251). Typically, the values 

of the items in the diagonal cell for each column should be higher than the other values in the 

same column. Finally, VIF values should be less than 5 thresholds because higher values than 5 

imply multicollinearity problems; therefore, it must be removed from the model (Hair et al., 2011, 

p. 145). Table 13 shows the summary of the rules of thumb for measurement model evaluation. 

3.4.3. Structural Model Assessment 

PLS-SEM measures the predictive capabilities of the structural model, principally it assesses 

how well the endogenous constructs are estimated, in contrast, CB-SEM applies in the measures 

on the goodness of fit of the model. Before starting to measure the metrics, Hair et al. (2011, 

p.145) also suggest that collinearity assessment must be done among predictor constructs. In 

section 3.4.2., it has been shown that the VIF values of indicators must be lower than 5 for a 

certain endogenous variable. In our model, all items have a lower value than 5 (will be shown in 

Section 4.2), collinearity is not an issue in the structural model.  

 Table 14.Rule of Thumb for Structural Model Evaluation     

 

Table 14 indicates a summary of the rules of thumb for structural model evaluation. In order 

to evaluate the structural model, the primary criteria are to explain the “coefficient of 

determination (R2)” and “path coefficients (β)” of the model in PLS-SEM (Hair et al., 2011, 

p.145). Furthermore, “predictive relevance (Q2)” and “effect size (f2)” could be analysed in the 

structural model analysis. R2 which demonstrates the predictive accuracy of the model also 

represents the fraction of the variance explained by each indicator. Although Hair et al. (2011, p. 
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147) state that the level of R2 depends on the specific research discipline, nonetheless “R2 values 

of 0.75, 0.50 and 0.25 are described as substantial, moderate, or weak”, consecutively as a rule 

of thumb (Hair et al., 2011, p. 147). Path coefficients (β) are also used to examine the direct and 

indirect effects of the variables, and calculated by the bootstrapping technique in PLS-SEM. 

Here, also the critical t-values, “1.65 (significance level = 10 percent), 1.96 (significance level = 

5 percent), and 2.58 (significance level = 1 percent)” for a two-tailed test should be considered. 

5.000 is commonly suggested as the minimum number of bootstrap samples for assessing the test 

(Hair et al., 2011, p. 147). As for the effect size (f2), the critical thresholds are “0.02, 0.15, and 

0.35 which represent small, medium, and large effects” respectively, to determine the effect size 

value of construct for a specific endogenous construct of the model (Hair et al., 2014, p. 114). 

Also, the value of predictive relevance (Q2) of an endogenous construct should be higher than 

zero; thus, latent constructs that explain this endogenous variable show predictive relevance (Hair 

et al., 2011, p. 147).  

  



 
  

72 

4.   RESULTS AND DISCUSSION 

 

  4.1. Descriptive Analysis 

This part provides an overview of the respondents by addressing three themes. First, section 

4.1.1. indicates the findings of common method bias and normality tests. In section 4.1.2., 

demographic profiles of the respondents and the companies are discussed. Finally, section 4.1.3. 

shows the descriptive analysis of the research constructs.  

4.1.1. Common Method Bias and Normality Tests 

Common method bias is an issue because it is the root of measurement error and threatens the 

validity of the results (Podsakoff et al., 2003). Although there are many statistical methods in 

order to analyse a potential impact of common method bias, “Harman’s one factor analysis” is 

often employed to identify if the variance in the data is highly explained by a single factor (Chang 

et al., 2010). Following this approach, all the constructs used in this dissertation were observed 

in the unrotated solution Exploratory Factor Analysis (EFA). The findings reveal that several 

factors were extracted with an eigenvalue above 1 and they account for 70 percent of the total 

variance. Also, the first factor accounted for 37 percent of total variance which is less than a 

majority of the variance among measures. Therefore, common method bias is not an issue in this 

dissertation. (Appendix 7). 

The normality test is also carried out as can be seen in Appendix 8, although PLS-SEM does 

not require that the data should be normally distributed. Two tests have been applied for this:  

the Shapiro-Wilk test and Kolmogorov-Smirnov test. In both tests, as a rule of thumb, the null 

hypothesis is rejected when p-value is lower than 0.05. Since our findings show statistically 

significant results, it is summarised that the data is non-normal in this dissertation. 

4.1.2. Demographic Profiles of the Respondents and Companies 

In order to analyse the demographic profiles, four questions were formed in the questionnaire. 

These questions are about the position of the respondent in the organisation, the number of 

employees working in the organisation, the annual revenue of the company and the related sector 

of the organisation.  

The first question, representing the position of the respondent in the firm, includes four 

classifications: CEOs, general managers, department heads and professional experts engaged in 

the companies (Figure 9). Of 212 respondents, only 5.7 percent (n=12) accounted for CEOs of 

the companies, while 26.4 percent of them (n=56) indicate general managers. Among the 

categories, department heads hold the majority of the respondents, which accounted for 40.1 

percent total (n=85). Finally, professional experts represent 27.8 percent of the respondents 
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(n=59). The position of the target respondents such as department heads and professional experts 

is mainly related to the fields of manufacturing planning and control, production, or supply chain 

operations. Furthermore, Appendix 9 displays the demographic profiles of the respondents and 

companies in detail. 

 

          Figure 9. Positions of the respondents 

Source: Author’s own figure 

The second question asked to the respondents was related to determining the number of 

employees who are working in the particular company (Figure 10). This also provides the 

background of the company size. The findings indicate that 14.2 percent of the companies 

employed higher than 10; but less than 50 employees (n=30), 20.3 percent had 50-249 employees 

(n=43). These organisations also represent small and medium-sized companies according to 

employee numbers. 16 percent of the companies demonstrate that the companies which have a 

number of employees between 250-499 (n=34); and 49.5 percent represent the companies that 

have more than 500 employees (n=105). These companies also are counted as big companies 

according to their employee numbers. 
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Figure 10. Number of Employees of the Companies 

Source: Author’s own figure 

The third question also involves the annual revenue turnover of the companies that attended 

this dissertation (Figure 11). The firms which have annual revenue turnover of less than 3 M TL 

accounted for 9 percent (n=19) while 17 percent (n=36) of them are with more than 3 M and less 

than 25 M TL. 19.8 percent of them (n=42) display more than 25 M TL and less than 125 M TL 

annual revenue. Finally, the companies with more than 125 M TL annual revenue turnover 

accounted for 54.2 percent (n=115). Considering the employee size and annual revenue turnover, 

this research involves predominantly large companies. 

                  

 

Note: 1 dollar is approximately 7.60 Turkish Lira (Date: September 24th, 2020) 

Figure 11. Annual Revenue Turnover of the Companies 

Source: Author’s own figure 
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     The final question also includes the sector of the companies involved in this dissertation, 

classified into four broad industries; textile including leather, carpet, clothing, etc. sub-sectors; 

automotive and electronic including automotive parts, machinery, electronic household 

appliances, metals, etc.; food and beverage; and chemicals/ pharmaceuticals (Figure 12). The 

majority of the companies are mainly from the automotive-electronic industry with 51.4 percent 

(n=109). The textile industry represents 22.6 percent of the companies (n=48), while 13.7 

percent of the firms (n=29) are from the food and beverage industry. Chemicals/ pharmaceuticals 

industry only accounts for 12.3 percent (n=26). 

 

Figure 12. Sector of the Companies 

                                            Source: Author’s own figure 

  4.1.3. Descriptive Statistics of the Elements 

After exploring the demographic profiles of the respondents and the firms, the rest of the 

questions contained in the survey are used to evaluate the three main measurement constructs, 

namely Industry 4.0 assessment, Supply Chain Integration and Supply Chain Performance. The 

items of the main constructs and their abbreviations have been described previously in Section 

3.2. 

In order to assign Industry 4.0 assessment, three subsections were determined – “strategy and 

organisation”, “employee and culture”, and “technology”. These subsections were measured 

using 4, 4 and 16 items consecutively by using a 5-point Likert scale ranging from “not at all” 

(1) to “extremely” (5). Appendix 10 presents the frequencies of the response scale (%) as well 

as means and standard deviations of the indicators used to assess Industry 4.0. 
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     Figure 13 shows the distribution of strategy and organisation (S&0) items. The element of 

“Strategy and Organisation” was measured using four items; “roadmap” (S&01), 

“infrastructure” (S&O2), “customisation” (S&03) and “external collaborations” (S&04). The 

participants were asked to rate how their organisations perform to assess the Industry 4.0 

strategy. The assessment of “Industry 4.0 strategy” indicated the following: 

   - 39.6% of the respondents observed have a clear Industry 4.0 roadmap (Mean=3; SD=1.20) 

 -46.7% of the respondents reported that their organisations are investing in Industry 4.0 

infrastructure effectively (Mean=3.13; SD=1.24) 

  -79.7% of the respondents agreed that their organisations could quickly customise products   

while maintaining service quality effectively (Mean=4.02; SD=0.81) 

- 36.4% of the respondents reported that their organisations effectively collaborate with external 

organisations to assess Industry 4.0 (Mean=2.92; SD=1.31 

 

Figure 13. Distribution of Strategy and Organisation (S&O) Items 

Source: Author’s own figure 

Figure 14 shows the distribution of employee and culture (E&C) items. The element of 

“Employee and Culture” was measured using four items; “Employee Familiarity” (E&C1), 

“Employee Training” (E&C2), “Openness to Innovation” (E&C3), and “Continuous 

Improvement” (E&C4). The participants were asked to rate how their organisations perform to 

invest their employees and improve their culture about Industry 4.0 assessment. The assessment 

of “employee and culture” indicated the following: 

-37.7% of the respondents acknowledged that the majority of the employees of their 

organisations are quite familiar with the concepts of Industry 4.0 (Mean=3.04; SD=1.19) 

- 35.3% of the respondents acknowledged that their organisations invest in training their 

employees in Industry 4.0 effectively (Mean=2.96; SD=1.26) 
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- 51% of the respondents acknowledged that their organisations are open to innovation 

(Mean=3.37; SD=1.14) 

- 62.3% of the respondents acknowledged that their organisations participate in continuous 

improvement culture effectively (Mean=3.70; SD=0.98) 

 

Figure 14. Distribution of Employee and Culture (E&C) Items 

Source: Author’s own figure 

     Figure 15 indicates the distribution of “technology” (T) items. The element of “technology” 

was measured using sixteen items; “Advanced Technology” (T1), “supplier technology” (T2), 

“data access” (T3), “data analysis” (T4), “sensor1” (T5), “cloud” (T6), “track and trace” (T7), 

“autonomous machines” (T8), “customer access” (T9), “CAD” (T10),  “3D” (T11), “hard and 

soft resources” (T12), “digital media” (T13), “embracing technology” (T14), “sensor2” (T15) 

and “high automation” (T16). The participants were asked to rate how their organisations 

perform in implementing advanced technologies regarding Industry 4.0 assessment. The 

assessment of “technology” indicated the following: 

- 48.6% of the respondents indicated that their organisations apply advanced connectivity 

technology between equipment, products and employees effectively (Mean=3.32; SD=1.11) 

- 48.1% of the respondents indicated that their organisations use highly connected technologies 

with their suppliers (Mean=3.30; SD=1.09) 

- 69.3% of the respondents indicated that their organisations easily and quickly access data from 

production, facilities and systems (Mean=3.76; SD=1.21) 

- 64.1% of the respondents indicated that their organisations analyse data effectively to make 

decisions, information sharing and analyse trends (Mean=3.77; SD=1.06) 

- 55.1% of the respondents indicated that their organisations use intelligent sensors effectively 

to support automation (Mean=3.47; SD=1.22) 
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- 43.9% of the respondents indicated that their organisations store information within a cloud 

network effectively (Mean=3.14; SD=1.35) 

- 51% of the respondents indicated that their organisations have an ability to trace manufacturing 

systems and respond to changes immediately (Mean=3.40; SD=1.17) 

- 26.4% of the respondents indicated that their organisations use machines that run autonomously 

(without human interaction) - (Mean=2.61; SD=1.24) 

- 26.4% of the respondents indicated that their customers have access to the companies’ systems 

to view manufacturing progress and delivery dates effectively (Mean=2.46; SD=1.37) 

   - 60.9% of the respondents indicated that their organisations use CADs effectively to draw 3D 

prototypes of their products (Mean=3.51; SD=1.53) 

- 23.1% of the respondents indicated that their organisations use 3D printing machines 

effectively for tools, prototypes and spare parts (Mean=2.23; SD=1.48) 

- 20.7% of the respondents indicated that the hard and soft resources in their organisations are 

well connected to a cloud (Mean=2.41; SD=1.31) 

- 48.2% of the respondents indicated that their organisations use digital media effectively to 

bring information directly to their employees (Mean=3.29; SD=1.21) 

- 38.2% of the respondents indicated that their organisations embrace digitalisation well for 

products, parts and machinery (Mean=3.08; SD=1.16) 

- 33.5% of the respondents indicated that their organisations use sensors effectively on products 

and supplied parts (Mean=2.68; SD=1.35) 

- 37.3% of the respondents indicated that the level of automation in their organisation is 

satisfactory (Mean=3.11; SD=1.16) 

The second main construct was to evaluate Supply Chain Integration (SCI); three subsections 

were classified for evaluating this construct; “Supplier Integration (SInt)”, “Internal Integration 

(IInt)”, and “Customer Integration (CInt)”. Each of the subsections was measured with four items 

using a 5-point Likert scale ranging from “very low” (1) to “very high” (5). Appendix 11 

indicates the frequencies of the response scale (%) as well as means and standard deviations of 

the items used to evaluate SCI. Figure 16 displays the distribution of SCI items. 

 

  



 
  

79 

 

Figure 15. Distribution of Technology (T) Items 

Source: Author’s own figure 

      The element of SInt was measured using four items: “sharing info (SInt1)”, “collaboration 

(SInt2)”, “decision making (SInt3)”, and “system development (SInt4) with main suppliers”. The 

participants were asked to rate how their organisations integrate with their main suppliers. The 

element of SInt indicated the following: 

-53.8% of the respondents stated that their organisations highly share the information with their 

main suppliers (Mean=3.51; SD=0.99) 

  -59.5% of the respondents stated that their organisations highly collaborate with their main 

suppliers (Mean=3.56; SD=0.95) 

-54.7% of the respondents stated that their organisations highly involve their main suppliers in 

the decision-making process (Mean=3.53; SD=0.96) 

-57.1% of the respondents stated that their organisations highly develop system (continuous 

improvement, Kanban etc.) with their main suppliers (Mean=3.34; SD=1.07) 
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The element of IInt was measured using four items: “information sharing with the purchasing 

department (IInt1)”, “decision making with the purchasing department (IInt2)”, “information 

sharing with the sales department (IInt3)”, and “decision making with the sales department 

(IInt4)”. The participants were asked to rate how their organisations integrate internally. The 

element of IInt indicated the following: 

-63.7% of the respondents stated that their organisations often share the information with their 

purchasing departments (Mean=3.76; SD=0.90) 

  -68.4% of the respondents stated that their organisations often apply in joint decision making 

with their purchasing departments (Mean=3.81; SD=0.89) 

-65.5% of the respondents stated that their organisations often share the information with their 

sales departments (Mean=3.80; SD=0.89) 

  -66.0% of the respondents stated that their organisations often apply in joint decision making 

with their sales departments (Mean=3.81; SD=0.89) 

     The element of CInt was measured using four items: “sharing info (CInt1)”, “collaboration 

(CInt2)”, “decision making (CInt3)”, and “system development (CInt4) with main customers”. 

The participants were asked to rate how their organisations integrate with their main customers. 

The element of CInt indicated the following: 

-58.1% of the respondents stated that their organisations often share the information with their 

main customers (Mean=3.64; SD=0.99) 

  -61.3% of the respondents stated that their organisations often collaborate with their main 

customers (Mean=3.68; SD=0.96) 

  -49.0% of the respondents stated that their organisations often develop a system (continuous 

improvement, Kanban, VMI, etc.) with their main customers (Mean=3.50; SD=1.05) 

  -59.9% of the respondents stated that their organisations often involve their main customers in 

the decision-making process (Mean=3.67; SD=0.94) 

        The third main construct, Supply Chain Performance (SCP), was divided into three sub-

sections; “resources” (RPERF), “output” (OPERF) and “flexibility” (FPERF). These sub-

sections were measured with 5, 7 and 5 items respectively by using a 5-point Likert scale ranging 

from “very poor” (1) to “excellent” (5). Appendix 12 presents the frequencies of the response 

scale (%) as well as means and standard deviations of the items used to assess SCP. 
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Note: SInt, IInt and CInt denote Supplier, Internal and Customer Integration 

Figure 16. Distribution of SCI Items 

Source: Author’s own figure 

      Figure 17 shows the distribution of resources performance (RPERF) items. The element of 

‘RPERF’ was measured using 5 items: “total cost of resources used (RPERF1)”, “the total cost 

of distribution (RPERF2)”, “the total cost of manufacturing (RPERF3”), “costs related to 

inventory (RPERF4)” and “return on investments (RPERF5)”. The participants were asked to 

rate how their organisations use their resources associated items. The element of ‘RPERF’ 

indicated the following: 

-43.8% of the respondents acknowledged that their organisations perform effectively on the total 

cost of resources used (Mean=3.42; SD=0.86) 

  -46.7% of the respondents acknowledged that their organisations perform effectively on the total 

cost of distribution including transportation and handling costs (Mean=3.47; SD=0.82) 

  -51.4% of the respondents acknowledged that their organisations perform effectively on the total 

cost of manufacturing including labor, maintenance and re-work costs (Mean=3.52; SD=0.89) 

  -45.8% of the respondents acknowledged that their organisations perform effectively on costs 

related to withheld inventory (Mean=3.38; SD=0.92) 

-62.8% of the respondents acknowledged that their organisations perform effectively on return 

on investments (Mean=3.73; SD=0.89) 
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Figure 17. Distribution of Resources Performance (RPERF)Items 

Source: Author’s own figure 

Figure 18 demonstrates the distribution of “output performance (OPERF)” items. The element 

of ‘OPERF’ was measured using 7 items: “sales (OPERF1)”, “order fill rate (OPERF2)”, “on-

time deliveries (OPERF3)”, “customer response time (OPERF4)”, “shipping errors (OPERF5)”, 

“manufacturing lead time (OPERF6)” and “customer complaints (OPERF7)”. The participants 

were asked to rate how their organisations perform on their output items. The element of 

“OPERF” indicated the following: 

-68.4% of the respondents stated that their organisations perform effectively on sales 

(Mean=3.76; SD=0.83) 

-81.6% of the respondents stated that their organisations perform effectively on order fill rate 

(Mean=4.13; SD=0.81) 

-84.4% of the respondents stated that their organisations perform effectively on-time deliveries 

(Mean=4.17; SD=0.78) 

-74.1% of the respondents stated that their organisations perform effectively on customer 

response time (Mean=3.91; SD=0.84) 

-77.8% of the respondents stated that their organisations perform effectively on shipping errors 

(Mean=4.01; SD=0.83) 

-78.8% of the respondents stated that their organisations perform effectively on manufacturing 

lead time (Mean=4.05; SD=0.79) 

-85.3% of the respondents stated that their organisations perform effectively on customer 

complaints (Mean=4.16; SD=0.72) 
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Figure 18. Distribution of Output Performance (OPERF) Items 

Source: Author’s own figure 

Figure 19 displays the distribution of “flexibility performance (FPERF)” items. The element 

of “FPERF” was measured using 5 items: “the ability to respond to demand changes (FPERF1)”, 

“ability to respond to periods of poor manufacturing performance (FPERF2)”, “ability to 

respond to periods of poor supplier performance (FPERF3)”, “ability to respond to periods of 

poor delivery performance (FPERF4)” and “ability to respond to new markets, products or new 

competitors (FPERF5)”. The participants were asked to rate how their organisations perform on 

their flexibility performance. The element of “FPERF” indicated the following: 

  -80.6% of the respondents stated that their organisations perform effectively on responding to 

demand changes (Mean=4.08; SD=0.84) 

  -69.8% of the respondents stated that their organisations perform effectively on responding to 

periods of poor manufacturing performance (Mean=3.89; SD=0.88) 

  -61.3% of the respondents stated that their organisations perform effectively on responding to 

periods of poor supplier performance (Mean=3.66; SD=0.92) 

  -64.6% of the respondents stated that their organisations perform effectively on responding to 

periods of poor delivery performance (Mean=3.76; SD=0.84) 

  -68.9% of the respondents stated that their organisations perform effectively on responding to 

new markets, products or new competitors (Mean=3.87; SD=0.92) 
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Figure 19. Distribution of Flexibility Performance (FPERF) Items 

Source: Author’s own figure 

4.2. Measurement Model Evaluation 

     To validate the specified model, confirmatory factor analysis was implemented with the 

observed variables as discussed in Chapter 3. In our model, since the main endogenous variables 

were determined as Industry 4.0, SCI and SCP, reliability and validity tests must be evaluated 

for each variable. In order to conduct the reliability and validity tests, the measurement model 

needs to assess “internal consistency (composite reliability), indicator reliability (outer 

loadings)”, “convergent validity (average variance extracted -AVE-)” and “discriminant validity 

tests” (Ainin et al., 2015). Therefore, in this section, the outer loadings, construct reliability and 

validity tests, discriminant validity tests, collinearity statistics (VIF) of the items for each element 

will be discussed. 

   4.2.1. Reliability and Validity Tests for the Items of Industry 4.0 

Firstly, the measurement model for the indicators of Industry 4.0 has been conducted. 

Indicator reliability displays the number of variations in an indicator explained by the variables. 

Therefore, the factor loading of each item presents its contribution to the assigned variables in 

the model. As previously explained in Section 3.4.2, the items’ outer loadings must be higher 

than 0.70 to have a sufficient threshold. Table 15 indicates the outer loadings of each of the items 

of Industry 4.0, a total of 15 items shows a value higher than 0.70. For this reason, a total of nine 

indicators were eliminated from the measurement model: “S&O3, T6, T8, T9, T10, T11, T12, 

T13, T15” because they have less than 0.70 outer loadings’ value to explain their assigned 
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variables. Although these indicators are extracted from the model one by one - starting from the 

lowest value -, none of them did exceed the sufficient threshold. The rest of the indicators retained 

in the model, “S&O1, S&O2, S&O4, E&C1, E&C2, E&C3, E&C4, T1, T2, T3, T4, T5, T7, T14, 

T16”. Their outer loading values range from 0.737 to 0.941.   

 Table 15. Outer Loadings of the items of Industry 4.0 

Items Strategy Employee and Culture Technology 

S&O1 0.94   

S&O2 0.941   

S&O3 0.559*   

S&O4 0.859   

E&C1  0.859  

E&C2  0.887  

E&C3  0.737  

E&C4  0.737  

T1   0.745 

T2   0.770 

T3   0.826 

T4   0.787 

T5   0.775 

T6   0.499* 

T7   0.795 

T8   0.668* 

T9   0.637* 

T10   0.430* 

T11   0.478* 

T12   0.591* 

T13   0.686* 

T14   0.820 

T15   0.682* 

T16   0.791 

   Note 1: S&O, E&C and T denote Strategy and Organisation, Employee and Culture and Technology Elements 

   Note 2: numbers marked with * excluded from the model 

   Source: Author’s own analysis 

“Internal consistency” is generally calculated using “Cronbach’s alpha value” (Conway et al., 

1995), which shows how closely linked a set of items as a group and a measurement of scale 

reliability. The composite reliability and convergent validity (AVE), are the measurement tests 

to evaluate the reliability and validity of the measurement models. All of these values are shown 

in Table 16 for the elements of Industry 4.0. In exploratory research, the acceptable values for 

Cronbach’s alpha and composite reliability are higher than 0.70 - which is highly recommended 

for a reliable construct rather than 0.60 -; therefore, as can be seen in Table 16, the element of 

‘S&O’ was measured with the values of 0.902 and 0.928 for Cronbach’s alpha and composite 
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reliability consecutively; the element of ‘E&C’ was observed with the values of 0.817 and 0.884 

for Cronbach’s alpha and composite reliability respectively; and the element of ‘T’ was measured 

with the values of 0.908 and 0.925 for Cronbach’s alpha and composite reliability consecutively. 

These values are well accepted for the measurement model. As we checked the values of 

convergent validity -AVE-, indicating the level to which a measure has a positive correlation 

with alternative measures of the same construct; the accepted values determined for AVE as 0.50 

or higher. The values of AVE for the measurement model were observed as 0.829, 0.647 and 

0.618 consecutively for the elements of ‘S&O’, ‘E&C’ and ‘T’, thereby satisfying the threshold.  

Table 16. Construct Reliability and Validity of the items of Industry 4.0 

Elements 
No. of 

Indicators 

Internal consistency reliability 
Convergent 

Validity 

Indicator 

Reliability 

Cronbach’s 

Alfa 

Composite 

Reliability 
AVE Outer Loadings 

S&O 3 0.902 0.928 0.829 0.859 to 0.941 

E&C 4 0.817 0.884 0.647 0.737 to 0.887 

T 8 0.908 0.925 0.618 0.745 to 0.826 

 Note: S&O, E&C and T denote Strategy and Organisation, Employee and Culture and Technology Elements     

 Source: Author’s own analysis 

     “Discriminant validity” is also confirmed; this shows the level to which a variable is correctly 

distinguished from other variables. The findings of the “Fornell-Larcker criterion” indicated that 

(Table 17) the square root of AVE for the variables must be higher than other variables’ 

correlation value. In the table, the findings shown in bold revealed that all of the square roots of 

AVE were higher than the correlation values of the other constructs for Industry 4.0.  

Table 17. Discriminant Validity Test (Fornell Larcker Criterion) of the elements of 

Industry 4.0 

Elements S&O E&C T 

S&O 0.92   

E&C 0.782 0.811  

T 0.751 0.779 0.79 

Note: S&O, E&C and T denote Strategy and Organisation, Employee and Culture and Technology Elements  

Source: Author’s own analysis 

Variance Inflation Factor (VIF) values also must be conceived in order to identify the 

multicollinearity between the variables. Highly correlated items adversely affect the results of 

the measurement model; therefore, these values must be at an acceptable level (lower than 5). 

Table 18 indicates the VIF values of the items used in the assessment of Industry 4.0. The values 

of all of the items were determined in acceptable levels, below 5, ranging between 1.601 to 4.204. 
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Table 18. Collinearity Statistics (VIF) of the items of Industry 4.0 

Items VIF Values 

S&O1 4.204 

S&O2 4.116 

S&O4 2.075 

E&C1 2.519 

E&C2 2.694 

E&C3 1.617 

E&C4 1.601 

T1 1.995 

T2 2.126 

T3 2.541 

T4 2.228 

T5 2.237 

T7 2.239 

T14 2.290 

T16 2.314 

   Note: S&O, E&C and T denote Strategy and Organisation, Employee and Culture and Technology Elements    

 Source: Author’s own analysis 

4.2.2. Reliability and Validity Tests for the Items of SCI 

In this section, reliability and validity tests for the indicators of SCI have been discussed. As 

a first step, factor loadings were calculated. Table 19 indicates the outer loadings for each item 

of SInt, IInt, and CInt, which are the elements of SCI. As discussed in section 3.4.2, the minimum 

threshold required is 0.70 or higher. In Table 19, the factor loading’s value of each indicator is 

between 0.85 to 0.91; therefore, none of the indicators is extracted from the model. 

Table 19. Outer Loadings of the items of SCI 

Items SInt IInt CInt 

SInt1 0.852   

SInt2 0.883   

SInt3 0.88   

SInt4 0.854   

IInt1  0.881  

IInt2  0.914  

IInt3  0.919  

IInt4  0.872  

CInt1   0.858 

CInt2   0.907 

CInt3   0.906 

CInt4   0.886 

Note: SInt, IInt, CInt denote Supplier, Internal and Customer Integration 

Source: Author’s own analysis 
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As a second step, construct reliability and validity of the items of SCI have been shown in 

Table 20. The values of Cronbach’s Alfa and Composite Reliability were calculated as 0.89 and 

0.92 for SInt, 0.92 and 0.94 for IInt, and 0.91 and 0.94 for CInt respectively.  Considering the 

accepted values, which must be higher than 0.70 for both tests, these measures are well accepted 

for the elements. Also, AVE values were observed as 0.75, 0.81 and 0.79 for SInt, IInt and CInt 

consecutively; therefore, all they are at a satisfactory level since the values are higher than 0.50. 

Table 20. Construct Reliability and Validity of the items of SCI 

Elements 
No. of 

Indicators 

Internal consistency reliability 
Convergent 

Validity 

Indicator 

Reliability 

Cronbach’s 

Alfa 

Composite 

Reliability 
AVE 

Outer 

Loadings 

SInt 4 0.89 0.92 0.75 
0.852 to 

0.883 

IInt 4 0.92 0.94 0.81 
0.872 to 

0.919 

CInt 4 0.91 0.94 0.79 
0.858 to 

0.907 

Note: SInt, IInt, CInt denote Supplier, Internal and Customer Integration 

Source: Author’s own analysis 

Thirdly, a discriminant validity test - Fornell Larcker Criterion - has been employed for the 

elements of SCI, Table 21 shows the findings of the discriminant validity test for SInt, IInt and 

CInt. In the table, the results indicated in bold displayed higher values than the rest of the 

correlation values of the constructs; therefore, discriminant validity is accepted for SCI elements.  

Table 21. Discriminant Validity Test (Fornell Larcker Criterion) of the elements of SCI 

Elements SInt IInt CInt 

SInt 0.871   

IInt 0.639 0.90  

CInt 0.701 0.585 0.89 

Note: SInt, IInt, CInt denote Supplier, Internal and Customer Integration 

Source: Author’s own analysis 
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Table 22. Collinearity Statistics (VIF) of the items of SCI 

Items VIF Values 

SInt1 2.191 

SInt2 2.674 

SInt3 2.609 

SInt4 2.192 

IInt1 2.905 

IInt2 3.528 

IInt3 5.168 

IInt4 3.994 

CInt1 2.553 

CInt2 3.369 

CInt3 3.046 

CInt4 2.754 

Note: SInt, IInt, CInt denote Supplier, Internal and Customer Integration 

Source: Author’s own analysis 

As a final step in this section, collinearity statistics (VIF) values have been checked for each 

item (Table 22). The accepted VIF value of each item must be lower than 5, as previously 

explained. As can be seen in Table 22, all the items, except II3, have lower values than 5. 

However, this item also has been observed as very close to the threshold; therefore, it was held 

in the model. 

4.2.3. Reliability and Validity Tests for the Items of SCP 

     Similarly, the reliability and validity tests of SCP have been calculated. First of all, the outer 

loadings of the indicators of SCP have been observed, and all items show values higher than 

0.70, except the ‘OPERF1’ item, as indicated in Table 23. Therefore, this item has been removed 

for further analysis, while the rest of the items were retained in the model.  

      Secondly, internal consistency reliability and convergent validity tests were conducted for 

the elements of SCP: RPERF, OPERF and FPERF. The values of Cronbach’s Alfa and 

Composite Reliability were measured as 0.867 and 0.91 for RPERF, 0.87 and 0.89 for OPERF, 

and 0.90 and 0.92 for FPERF respectively; thus, these values are accepted for the model (> 0.70). 

 

 

 

 

 

 

 



 
  

90 

Table 23. Outer Loadings of the items of SCP 

Items Resources Output Flexibility 

RPERF1 0.781   

RPERF2 0.854   

RPERF3 0.837   

RPERF4 0.848   

RPERF4 0.734   

OPERF1  0.569*  

OPERF2  0.774  

OPERF3  0.834  

OPERF4  0.779  

OPERF5  0.768  

OPERF6  0.802  

OPERF7  0.712  

FPERF1   0.757 

FPERF2   0.885 

FPERF3   0.869 

FPERF4   0.881 

FPERF5   0.868 

Note 1: RPERF, OPERF and FPERF denote Resources, Output and Flexibility Performance  

Note 2: numbers marked with * excluded from the model 

Source: Author’s own analysis 

       As for the convergent validity, AVE values were calculated as 0.66, 0.61 and 0.70 for 

RPERF, OPERF and FPERF consecutively. Since the values are higher than 0.50 threshold, 

convergent validity for the elements of SCP meets the criteria. Table 24 indicates the findings of 

“internal consistency reliability, convergent validity and indicator reliability” of SCP elements. 

Table 24. Construct Reliability and Validity of the items of SCP 

Elements 
No. of 

Indicators 

Internal consistency reliability 
Convergent 

Validity 

Indicator 

Reliability 

Cronbach’s 

Alfa 

Composite 

Reliability 
AVE 

Outer 

Loadings 

RPERF 5 0.867 0.91 0.66 0.734 to 0.854 

OPERF 6 0.87 0.89 0.61 0.712 to 0.834 

FPERF 5 0.90 0.92 0.70 0.757 to 0.885 

Note: RPERF, OPERF and FPERF denote Resources, Output and Flexibility Performance  

Source: Author’s own analysis 
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Table 25. Discriminant Validity Test (Fornell Larcker Criterion) of the elements of SCP 

Elements Resources Output Flexibility 

RPERF 0.812   

OPERF 0.635 0.778  

FPERF 0.64 0.748 0.841 

Note: RPERF, OPERF and FPERF denote Resources, Output and Flexibility Performance  

Source: Author’s own analysis 

The results of the discriminant validity test also have been shown in Table 25 for the elements 

of SCP. Table 25 explains that the bold numbers are higher than the rest of the values for each 

element. Therefore, since all elements square roots of AVE are larger than the correlation values 

of the other constructs for SCP, discriminant values of the elements are accepted for the model. 

Table 26. Collinearity Statistics (VIF) of the items of SCP 

Items VIF Values 

RPERF1 2.125 

RPERF2 2.687 

RPERF3 2.216 

RPERF4 2.281 

RPERF5 1.561 

OPERF2 2.039 

OPERF3 2.534 

OPERF4 1.880 

OPERF5 1.884 

OPERF6 1.956 

OPERF7 1.550 

FPERF1 1.769 

FPERF2 2.998 

FPERF3 3.152 

FPERF4 3.174 

FPERF5 1.757 

Note: RPERF, OPERF and FPERF denote Resources, Output and Flexibility Performance  

Source: Author’s own analysis 

Finally, the collinearity statistics (VIF) values were calculated for each item. Table 26 

demonstrates that the VIF value of each item lower than 5; thus, the collinearity is not an issue 

between the items of SCP. 
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4.3. Structural Model Analysis and Hypotheses Testing 

As the validity and reliability of the model were verified in Section 4.2, the next stage is to 

evaluate the structural model analysis, testing the hypotheses put forth in Section 1.3. 

Considering the findings of reliability and validity tests, the structural model has been measured 

with a total of 15 items for Industry 4.0, including 3 items for S&O, 4 items for E&C and 8 items 

for T elements. For SCI, none of the items was removed from the structural model so a total of 

12 items were evaluated, including 4 items each for SInt, IInt and CInt. For SCP, only OPERF1 

item was eliminated from the model; therefore, 5, 6, and 5 items were included in representing 

RPERF, OPERF and FPERF respectively.  

Two sets of techniques, PLS and Bootstrapping, in the PLS-SEM framework were adopted in 

testing the relationships between the measurement variables as presented in section 3.4.1. In 

addition, the mediating effect of SCI between I.4.0 and SCP was analysed.  

Table 27 displays the results of the coefficients of determination (R2) to examine the predictive 

power of the model, estimated path coefficients and their significance level (p-values) and t-

values for the three endogenous variables. 

Table 27. Hypotheses and Main Research Model Results 

Relationship Path coefficients 

(β) 
t-values P values 

H1: Industry 4.0 → 

Integration 

 

0.630 12.135 ** 

H2: Integration→ 

Performance 
0.635 9.964 ** 

H3: Industry 4.0 → 

Performance 
0.17 2.670 * 

H4: Industry 4.0 → 

Integration → Performance 
0.395 7.838 ** 

Coefficients of determination (R2) 

 R2 Adjusted R2 

Integration 0.398 0.395 

Performance 0.566 0.56 

**p < 0.001   *p < 0.05 (all two-tailed) 

Source: Author’s own analysis 

-H1: The effect of Industry 4.0 on SCI:  As shown in Section 1.3, the first hypothesis proposed 

is that the higher degree of assessment of Industry 4.0 positively affects the degree of SCI. The 

findings of the structural model show that the assessment of Industry 4.0 has a positive and 

significant impact on SCI (β=0.63, p < 0.001), explaining 39.8% (R2) of the variance of SCI. 

Also, t-value is acceptable since it is higher than 2.58 in p <0.001. Therefore, the test results 

supported the hypothesis H1. 
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 -H2: The effect of SCI on SCP: The second hypothesis is that the higher degree of SCI 

positively affects the degree of SCP. It has been found that SCI has a positive and significant 

influence on SCP (β=0.635, p < 0.001), where t value is greater than 2.58 in p < 0.001. Therefore, 

the test results supported hypothesis H2. 

        -H3: The effect of Industry 4.0 on SCP: The third hypothesis of the dissertation is that the higher 

degree of assessment of Industry 4.0 positively affects the degree of SCP. The results of the 

structural model indicate that Industry 4.0 has a positive and statistically influence on SCP; 

however, the relationship between these two has been observed as very weak (β=0.17, p < 0.05), 

where t value is accepted (higher than 1.96 in p < 0.05). Industry 4.0 and SCI have an influence 

on SCP, explaining 56.6% (R2) of the variance of SCP. Therefore, H3 is also supported 

statistically. 

-H4: Mediating Effect of SCI Between Industry 4.0 and SCP: According to the path results, 

56.6% of the variance of SCP was explained by Industry 4.0 and SCI as shown in Figure 21. This 

also shows a significant prediction accuracy (Hair et al., 2014, p.116). Based on the findings of 

the structural model, there are significant relationships between Industry 4.0 and SCI, and SCI 

and SCP, although the relationship between Industry 4.0 and SCP is significant but weak. In this 

case, it could be checked the specific indirect effect of SCI between Industry 4.0 and SCP because 

there could be a partial mediation among observed variables as suggested in Hair et al. (2017).  

Table 28. Summary of The Hypotheses 

     

  Source: Author’s own findings 

     In this sense, the indirect effect of SCI was observed between Industry 4.0 and SCP. The 

results show that SCI is partially mediating the relationship between Industry 4.0 and SCP 

(β=0.395, p < 0.001 and t value= 7.838) since it is statistically positive and significant. The 

magnitude of the effect observed higher than the direct relationship between Industry 4.0 and 

SCP. Therefore, the test results partially supported the hypothesis H4. Table 28 and Figure 20 

indicate the findings of the hypotheses put forth in this dissertation. In addition, all statistical 

findings of the path analysis used in this dissertation have been shown in Figure 21. 
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Figure 20. Hypotheses between Main Endogenous Variables 

Source: Author’s own figure 

 

 

 
Figure 21. Results of path analysis 

Source: Author’s own figure 
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-Effect Size and Predictive Relevance of The Variables: The effect sizes (f2) were also examined 

to assess the impact of constructs on each other. As noted by Henseler et al. (2015), the threshold 

values are “0.02, 0.15 and 0.35”, regarding “small, medium and large effect sizes”. The findings 

also show that Industry 4.0 has a strong impact on SCI (f2=0.65) and SCI has a strong effect on 

SCP (f2= 0.55). However, considering the impact of Industry 4.0 on SCP, the effect size is small 

(f2= 0.04); so, Industry 4.0 has a small effect on SCP. 

     Finally, predictive relevance (Q2) of the structural model was analysed. If the values of Q2 of 

the endogenous variables are higher than 0, then the model has a predictive significance, meaning 

that the variables are well constructed (Delic et al., 2019). The values of predictive relevance for 

Industry 4.0, SCI and SCP are 0.49, 0.493 and 0.417 respectively; so, the model has a predictive 

significance. 

-Control Variables: Control variables were also considered in the dissertation; three variables, 

firm size - number of employees, annual revenue - and sector of the companies were added into 

the structural model to check their impacts on the endogenous variables. Following the 

measurement method of Jabbour et al. (2015, p.446), the number of employees, annual revenues 

of the firms and sector of the firms were created. The number of employees was classified into 

four categories: the number of employees ranges between 10-49; 50-249; 250-499; and more 

than 500 employees. The annual revenues of the firms are measured in four categories; less than 

3 M TL, with more than 3 M and less than 25 M TL, more than 25 M TL and less than 125 M 

TL, more than 125 M TL. Finally, the sector of the companies was evaluated in four categories: 

textile, automotive and electronic, food and beverage; and chemicals/ pharmaceuticals. 

     Regarding the results, Industry 4.0 is affected by the number of employees (p<0.05) and 

annual revenue (p<0.001); SCI by only annual revenue (p<0.05) and SCP by the only number of 

employees (p<0.05). The impact of the sector is not accounted for as significant in any of the 

variables. The findings show that firm size appears to be the most significant control variable in 

all of the variables; however, as checked the impacts of the endogenous variables with each other, 

the final results observed are still the same except for the direct relationship between Industry 

4.0 and SCP. Therefore, when control variables are added into the structural model, the results 

are still supported for the direct effects of Industry 4.0 on SCI (β=0.659, p < 0.001), SCI on SCP 

(β=0.631, p < 0.001); however, the results for the direct effect of Industry 4.0 on SCP show an 

insignificant impact (p > 0.05), while mediating the role of SCI is still significant (p< 0.001) 

between Industry 4.0 and SCP. 

4.4. The Importance -Performance Matrix Analysis (IPMA)  

      In order to extend the findings of PLS, it is also useful to analyse the performance-importance 

matrix analysis (IPMA), which explains the performance and relative importance of each item 
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on a target construct. IPMA is significant to identify the items that must be prioritised to improve 

a target construct for managerial actions. The framework of IPMA was originally developed by 

Martilla and James (1977) to investigate the perceptions of customers on the importance and 

performance of attributes (Deng and Pierskalla, 2018, p. 2). The horizontal axis (X-axis) displays 

the importance of the constructs from low importance to high importance. The vertical axis (Y-

axis) stands for the performance of the constructs from low performance to high performance. 

Martilla and James (1977, p. 78) illustrated four quadrants for the importance-performance 

analysis of attributes, which can be important in developing company strategies. Figure 22 

demonstrates these four quadrants: “keep up the good work”, “potential overkill”, “low priority” 

and “concentrate here”. “Quadrant I” denotes “keep up the good work”, where attributes are rated 

as high importance and performance; therefore, a company should maintain to its performance 

for these important attributes. “Quadrant II” relates to “concentrate here”, where the performance 

does not meet importance; therefore, these attributes need to be improved by a company. 

“Quadrant III” pertains to “low priority”, where the levels of performance and importance are 

low. Thus, when attributes are less important, they do not require priority by an organisation. 

“Quadrant IV” suggests “possible overkill” because the attributes are rated as low important, 

while the performance is high. Companies could reallocate their resources to other areas and 

deprioritise the attributes lying on this quadrant. 

 

Figure 22. The Framework of IPMA 

Source: Adopted from Martilla and James (1977) 
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Table 29. Importance-Performance Analysis for SCP (Dimensions) 

Dimension Performance Importance 

I.4.0 57,439 0,389 

SCI 66,068 0,519 

Source: Author’s own analysis 

 Based on the framework of the IPMA, first, the importance and performance scores of Industry 

4.0 and SCI were measured for a target construct, SCP. The findings of the IPMA were shown in 

Table 29 and Figure 23. Compared with Industry 4.0, SCI achieved both higher importance score 

(0.519) and a higher performance score (66.068) for SCP. The scores of Industry 4.0 show 0.389 

and 57.439 for importance and performance for SCP respectively. The results of the importance 

and performance of these constructs are consistent with the findings of the path analysis above. 

Therefore, organisations first should prioritise SCI for achieving higher SCP since this construct 

has a more important score than Industry 4.0. However, to deepen the understandings of the level 

of importance and performance analysis, IPMA has been conducted at the indicator level analysis 

with each construct’s items.   

 
Figure 23. IPMA for Industry 4.0 and SCI 

Source: Author 

 

      Furthermore, it is important to investigate which items of Industry 4.0 should be prioritised for 

SCP; therefore, the IPMA matrix at the item level was measured (Figure 24 and Table 30). As 

indicated in the matrix, the items of S&O1, S&02, E&C1 and T14 represent the “availability of 

roadmap”, “investing Industry 4.0 infrastructure”, “employee familiarity” and “embrace to 

digitalisation” consecutively, having low performance, but high importance for SCP. These 
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indicators are placed in Quadrant II; for this reason, organisations firstly concentrate on these 

indicators, which could offer more potential for improvement of SCP. Immediate investments to 

these indicators could increase the performance in supply chains.  

 
Note: The reference lines on X and Y axes correspond to mean values of indicators’ importance and performance 

respectively 

Figure 24. IPMA for Industry 4.0 indicators 

Source: Author’s own analysis 

The items of T1, T2, T4 and E&C4 represent the “advanced connectivity of technology”, 

“level of supplier technology”, “analysing data for decision making” and “continuous culture of 

organisation” respectively, showing high performance and importance. Therefore, organisations 

should keep up their current performance on these indicators since they have high importance 

scores. The items of E&C3, T3, T5 and T7 refer to “openness to innovation”, “data access for 

operations”, “usage of sensor technology” and “trace to manufacturing systems” consecutively, 

displaying high performance; however, low importance. Therefore, the resources of these items 

must be reallocated to the other areas. Also, S&O4, E&C2 and T16 representing “external 

collaborations”, “employee training” and “high automation” must be deprioritised because they 

have both low performance and importance.  
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Table 30. Importance-Performance Map for SCP (I.4.0 Indicators) 

Indicator Performance Importance 

S&O1 50,000 0,027 

S&O2 53,302 0,027 

S&O4 48,113 0,023 

E&C1 51,061 0,026 

E&C2 49,057 0,025 

E&C3 59,198 0,024 

E&C4 67,571 0,031 

T1 57,901 0,027 

T2 57,547 0,027 

T3 68,986 0,024 

T4 69,340 0,029 

T5 61,675 0,023 

T7 60,024 0,025 

T14 52,123 0,027 

T16 52,830 0,025 

Source: Author’s own analysis 

      Another step was to examine which items of SCI should be prioritised for SCP; thus, the IPMA 

matrix was evaluated for each item of SCI (Table 31 and Figure 25).  

 
Note: The reference lines on X and Y axes correspond to mean values of indicators’ importance and performance 

respectively 

Figure 25. IPMA for SCI indicators 

Source: Author’s own analysis 
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As displayed in Figure 25 and the indicators’ scores on Table 31, the items of II1, II2, II3, II4 

and CI4 represent to “information sharing with the purchasing department”, “decision -making 

with the purchasing department”, “information sharing with the sales department”, “decision -

making with the sales department” and “decision making” with main customers respectively, 

showing high performance and importance. For this reason, organisations should continue their 

performance on these indicators because they could lead to the development of SCP. The items of 

CI1 and CI2 correspond to “information sharing” and “collaboration” with main customers 

consecutively, having high performance, but low importance. Therefore, companies could reduce 

their resources on these indicators. Finally, the items of SI1, SI2, SI3, SI4 and CI3 present 

“information sharing”, “collaboration”, “decision making”, “system development” with main 

suppliers and system development with main customers respectively, displaying low performance 

and low importance. These indicators could have a low priority by organisations. 

Table 31. Importance-Performance Map for SCP (SCI Indicators) 

Indicator Performance Importance 

SInt1 62,736 0,041 

SInt2 64,033 0,043 

SInt3 63,325 0,043 

SInt4 58,608 0,039 

IInt1 68,986 0,047 

IInt2 70,165 0,047 

IInt3 70,047 0,046 

IInt4 70,283 0,044 

CInt1 66,038 0,040 

CInt2 67,099 0,042 

CInt3 62,500 0,041 

CInt4 66,863 0,045 

  Source: Author’s own analysis 

4.5. New Scientific Results 

      The unprecedented improvement of digital technologies will lead to significant changes in 

supply chains; however, there are ongoing discussions regarding how these changes will affect 

supply chains. As a reflection of these discussions, more empirical contributions are necessary for 

the linkages between Industry 4.0 and supply chains. The main contribution of this dissertation is 

to fill the research gap in this field by giving empirical evidence. In this context, the author 

underlines the novel results of this dissertation as follows below:  

1) The dissertation offers a novelty of the proposed model: The complex and structured model 

was created to analyse the effect of Industry 4.0 practices on supply chains. Prior to devising the 

conceptual model, the literature was systematically reviewed and the findings of the literature were 
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synthesised for three constructs: Industry 4.0, SCI and SCP. Furthermore, semi-structured 

interviews were conducted to examine the current level of Industry 4.0 on supply chain operations. 

This helps the author create a consistent model of under-investigated research. The final proposed 

model consists of 24 items for Industry 4.0, 12 items for SCI and 17 items for SCP. These items 

were also tested in reliability and validity for each construct. Thus, the complex relationships were 

observed between three constructs; this also gives more precise findings on three constructs. 

Notably, the model of Industry 4.0 was mainly measured by technological items by the scholars; 

however, in this dissertation, the items of Industry 4.0 was perceived in both managerial and 

technological point of view. Finally, the analyses confirmed that Industry 4.0 has an important role 

in enhancing integration and performance in supply chains, whilst, the integration in supply chains 

increases SCP. Also, integration in supply chains partially mediates the linkage between Industry 

4.0 and performance in supply chains. 

2) The dissertation contributes to up-to-date analysis on SCI and SCP literature: Although 

the relationship between integration and performance in supply chains has been researched in 

many prior studies, this dissertation provides the novelty towards up-to-date analysis in relevance 

to this relationship. Since the scholars had conflicting arguments related to the influence of SCI 

on SCP, this dissertation has empirically proved the importance of SCI on performance. Moreover, 

with the help of in-depth review analysis, these two concepts were conceptualised attentively. 

3) The dissertation provides the analysis of an emerging country context: Prior studies 

generally concentrate on the role of Industry 4.0 in the developed economies; however, it is not 

widely known how the technologies of Industry 4.0 are utilised by the emerging economies. This 

dissertation offers a model in an emerging country context, Turkey; it is among the first studies 

that identify an empirical relationship between Industry 4.0 and the performance in supply chains 

in an emerging context. Thus, the proposed model could be used for further academic 

investigations. Furthermore, it helps organisations understand the impacts of Industry 4.0 on their 

supply chains and provide better insights on their digital transformations.  

4) The effects of company size and sector have been shown on Industry 4.0, SCI and SCP: 

This dissertation also displays that Industry 4.0, SCI and SCP are affected by company size; 

however, the sectors of organisations do not have any effects on these three constructs. Therefore, 

these findings raise further investigations in academic research. The adoption level of large 

companies could be different from small and medium sized companies; for this reason, different 

assessment models could be suggested considering the company size.  

5) The dissertation contributes to prioritisation of the items for SCP: It is also significant to 

guide organisations about which items of Industry 4.0 and SCI should be used to have higher 

performance in supply chains because the allocation of the resources could be considered as 
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strategic decision-making for companies. Thus, this dissertation provides the importance and 

performance regarding the indicators of Industry 4.0 and SCI, and which of them should be 

prioritised by organisations. After the data analysis, the findings indicated that how strategy, 

organisational culture, employee familiarity and embrace to digitalisation are important for 

organisations while they perform at a low level to implement these items to have a higher SCP. 

Also, the internal integration items are viewed as more important than customer and supplier 

integration; thus, organisations should allocate their resources more into the indicators of internal 

integration to accomplish SCP.  

6) The dissertation used the two well-known theories for the relationships between Industry 

4.0, SCI and SCP: This dissertation also contributes to Industry 4.0, SCI and SCP literature 

theoretically; additionally, these relationships are grounded the two well-known theories in the 

strategic management, the Resource-Based View (RBV) and Relational View (RV). This is 

particularly imperative because the theories explain the application of the dissertation to the 

practice and give clear insights into the field. The role of Industry 4.0 was identified as a resource 

and SCI as a capability that both increase the dyadic relationships between partners in order to 

capture an increase on SCP.  
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5. CONCLUSION AND RECOMMENDATIONS 

 

5.1. Conclusion 

     The overarching aim of this dissertation is to fill the gap in the assessment of Industry 4.0 within 

the supply chain. For this reason, the dissertation which has presented the mind-set of the 

respondents engaged in manufacturing industries in Turkey is in the context to the effects of 

Industry 4.0 on SCM practices particularly SCI and SCP. Four research questions have been 

formulated to shed light on the relationship between these concepts.  

RQ.1. How does Industry 4.0 affect SCI? 

RQ.2. How does SCI affect SCP? 

RQ.3. How does Industry 4.0 affect SCP? 

RQ4. How should organisations prioritise the indicators of Industry 4.0 and SCI strategically to 

achieve higher performance in the context of the supply chain?   

      The questionnaire method was employed in this dissertation as a quantitative-based approach, 

and the results are later empirically tested by using structural equation modelling (PLS-SEM) to 

identify the complex relationship between Industry 4.0, SCI and SCP.  

Response to the Research Question 1: The relationship between Industry 4.0 and SCI  

Through empirical analysis in PLS-SEM, the practices of Industry 4.0 are strongly related to 

the degree of SCI; and the relationship is taken as positive between these concepts. Therefore, 

H1 is supported in this dissertation, which is that “assessment of Industry 4.0 positively affects 

SCI”. 

Broadly speaking, this finding of the dissertation is consistent with prior papers related to 

“ICT enabled digital integration”. For instance, Novais et al. (2019, p. 311) found that 

improvements in cloud computing enhance SCI through achieving “information, financial and 

physical flows”. Also, the dissertation emphasised that it improves supply chain activity 

integration such as “manufacturing, design, logistics, commercial and financial integration”. 

Additionally, the empirical study of De Vass et al. (2018, p. 17) indicated that IoT enabled 

integration and ICT capabilities of companies are viewed as sources to increase information 

sharing, coordination capabilities, which lead to higher process integration in supply chains. 

Mora-Monge et al. (2019, p. 532) found that Web-enabled technologies in supply chains 

streamline SCI because it increases supply chain visibility. 
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  Response to the Research Question 2: The relationship between SCI and SCP 

 Based on the results of structural model analysis, SCI has a positive and significant effect on 

SCP; hence, a higher degree of SCI activities means to a higher degree of SCP, and H2 is 

supported.  

This finding is also confirmed by a large set of research papers (Kaliani Sundram et al., 2016, 

p. 1459; Lii and Kuo, 2016, p. 153; Ataseven and Nair, 2017, p. 261; Kumar et al. 2017, p. 819; 

Chen et al., 2018, p. 210). However, some other studies found that SCI does not always improve 

SCP (Qi et al., 2017, p. 169; Shou et al., 2017, p. 357; Huo et al., 2016, p. 139). Though these 

findings contradict with the result of this dissertation. For example, Qi et al. (2017) argue that 

external integration does not significantly affect the performance attributes, probably, this 

relationship could be mediated by other constructs. Similarly, Shou et al. (2017) indicated that 

customer integration could not enhance some of the performance dimensions such as “cost and 

quality”. In addition, Huo et al. (2016) demonstrated that supplier integration does not have a 

significant effect on the performance; however, the study explained this result as that synergy 

between supplier and customer integration could lead to competitive performance.  

  Response to the Research Question 3: The relationship between Industry 4.0 and SCP 

The results reveal that Industry 4.0 is positively related to SCP; which means a higher degree 

of the practices of Industry 4.0 increases the degree of SCP. Therefore, H3 is supported. 

However, a weak relationship has been observed between these two in terms of the results.  

Despite the limited empirical analysis of Industry 4.0 on SCP; expectedly, Industry 4.0 has a 

positive relationship with SCP. This finding is also confirmed by some studies (Dalenogare et 

al., 2018, p. 383; Tortorella et al., 2019, p. 290; Fatorachian and Kazemi, 2020, forthcoming). 

Dalenogare et al. (2018) examined the level of Industry 4.0 technologies on SCP, providing their 

analysis in the emerging country context, Brazil. Therefore, it gives consistent results with the 

findings of this dissertation. However, their Industry 4.0 framework concentrates on a much more 

technology-oriented model, while the model used in this dissertation views the Industry 4.0 

concept as both managerial and technological perspectives. Moreover, Fatorachian and Kazemi, 

2020, forthcoming) investigated the effects of Industry 4.0 technologies on performance 

activities in supply chains. Their exploratory research showed that Industry 4.0 had the potential 

to develop the supply chain operations “product development and production, fulfilment, 

procurement and logistics, inventory management and retailing”. On the other hand, their 

Industry 4.0 model also covers technological items such as CPSs, big data, cloud technologies 

and IoT. Although this dissertation involves these technologies as the items of Industry 4.0; 

however, the final proposed model explains Industry 4.0 as a multidimensional construct.  
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The indirect effect of SCI was also observed between Industry 4.0 and SCP; which means SCI 

plays a mediating role in the positive relationship between Industry 4.0 and SCP. Based on the 

results of the analysis of this thesis, SCI is partially mediating the link between Industry 4.0 and 

SCP. Therefore, H4 is partially supported. 

The mediating role of SCI between Industry 4.0 and SCP has been underestimated in the 

literature; therefore, this dissertation could be counted as among the very first studies, which 

reflects the relationships between these three concepts empirically. Hence, it could be obtained 

more precise results from the literature regarding the mediating role of SCI between digital 

technologies, IT or particular Industry 4.0 technologies and SCP (Rai et al., 2006, p. 236; Li et 

al., 2009, p. 131;  Bruque-Cámara et al., 2016, p.149; Delic et al., 2019, forthcoming). For 

instance, Bruque- Cámara et al. (2016, p.149) stressed that the utilisation of cloud technologies 

improve SCI, which also assists the higher operational performance. Similarly, Delic et al. (2019, 

forthcoming) examined the usage of additive manufacturing technologies on SC practices. The 

findings of the study displayed that the implementation of additive manufacturing enhances 

supplier and internal integration, and the only weak relationship has been obtained on customer 

integration. Furthermore, all SCI dimensions have the strongest impact on SCP dimensions.  

   Response to the Research Question 4: prioritisation of the indicators of Industry 4.0 and SCI for   

higher performance in supply chains  

The findings which correspond to the relationships between three constructs were also 

extended by the IPMA matrix. This analysis also showed which items of Industry 4.0 and SCI 

should be prioritised to achieve higher SCP. Based on the results, strategy items such as roadmap 

and investments to Industry 4.0 infrastructure as well as employee familiarity were viewed as 

important items, but organisations perform at a low level on these items. Thus, companies should 

focus on these indicators first, by reducing their investments from less important items. The 

resources could be reallocated more to the strategical, employee, culture factors, and some 

technological items such as advanced connectivity of the systems, supplier technology, data 

analysis and embrace to digitalisation by organisations, showing high importance on Industry 4.0 

implementation. Conversely, external collaborations, openness to innovation, data access, sensor 

technology, production automation, and trace to manufacturing systems were taken as low 

important items compared with the other indicators. As Ghobakhloo (2018, p. 911) suggested 

that, companies first formulate the accurate strategies to implement Industry 4.0.  Additionally, 

Mittal et al. (2018, p. 212) defined the maturity model for companies, showing that the levels of 

the digital transformation process. The elements lying on “level 0 and 1” were the fundamental 

ones such as “connectivity, computerisation of business processes, organisational culture and 

assessment tools” rather than adapting highly advanced technologies at first. Hence, these two 
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studies support the finding of this dissertation in relevance to prioritisation items of Industry 4.0 

for SCP. As for the items of SCI, all internal integration items and decision making with main 

customers showed high importance to increase SCP. The rest of the items of customer and 

supplier integration showed lower importance. Therefore, organisations first accomplish internal 

integration items and allocate their investments to this area to succeed in their SCP.  Also, this 

result is relative with the finding of Huo et al. (2016, p. 139), indicating that internal integration 

plays an important role on SCI, and enables organisations to boost both customer and supplier 

integration.  

 Beyond these research questions mentioned above, three control variables were also included 

in the structural model to see their impacts on the main variables; employee numbers, annual 

revenue and sector of the companies. Regarding the findings, Industry 4.0 and SCP can be 

affected by the employee numbers, while SCI and Industry 4.0 can be influenced by the annual 

revenue of the companies. Therefore, the effects of firm size could be observed in all main 

constructs. However, despite adding these constructs into the model, the relationships between 

Industry 4.0 and SCI, and SCI and SCP still have been found as positive and highly significant. 

Conversely, the relationship between Industry 4.0 and SCP has been obtained as insignificant 

when these control variables are annexed into the model. To be concluded that, the linkage 

between Industry 4.0 and SCP is significant when it is independently taken from these two 

control variables. Unexpectedly, the final control variable, the sector of the companies, do not 

show any effect on all of the main constructs. In the light of the relationship between Industry 

4.0 and firm size, this finding is related to what some scholars (Lin et al., 2019, p. 9; Bosman et 

al., 2019, forthcoming) suggested. Interestingly, Bosman et al. (2019) found that smaller 

manufacturing firms are likely to invest more technological items and support better their 

workforce. On the other hand, Lin et al. (2018, p. 600) contradict the direct relationship between 

company size and technology adoption. One of the prospective reasons for this finding might be 

the different requirements of industrial and product characteristics; therefore, the study calls for 

more empirical research behind of this. Additionally, the literature provides more concrete 

findings regarding the relationship between company size and SCI or SCP. According to Wang 

et al. (2018, p. 11), firm size has a great effect on SCP, while Song et al. (2017, p. 9) indicated 

firm size affects both integration and business performance for the organisations. However, some 

scholars (Lee et al., 2016, p. 675; Jajja et al., 2018, p. 126) argue that firm size does not have any 

effect on the performance in supply chains, which are not consistent with the results of this 

dissertation. Interestingly, the sector of organisations does not affect Industry 4.0 

implementation, this finding is also inconsistent with the result of Müller et al. (2018b, p. 12). 

Their study found that the industries vary on the level of implementation of Industry 4.0 in terms 
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of strategical, operational, social, competitiveness and employee factors. On the other hand, some 

studies (Birkie et al., 2017, 517; Zaridis et al., 2020, forthcoming) do not find any significant 

relationships between the sector of organisations and SCI, and SCP. 

   5.2. Theoretical Implications 

 From an academic perspective, this dissertation comprehensively explains the concepts of     

Industry 4.0, SCI and SCP. The elements were determined for each concept to measure their 

conceptual frameworks; and further, these frameworks were validated through large scale 

questionnaire and empirically tested. By discussing the current literature, this dissertation offers 

an analysis of Industry 4.0 practices on the SCM concept, which will be practical for operations 

management and supply chain researchers who are likely to develop further research on that field.  

 The dissertation firstly seeks the relevant framework related to Industry 4.0; otherwise, it may 

be hard to explore the issues in a developing country since they are considered as a low degree 

of assessment on advanced technologies. The many studies in the literature explain the 

assessment/readiness and maturity models from a technological point of view; however, 

regarding the findings of this dissertation through comprehensive literature analysis, Industry 4.0 

is explained both as in technological and management perspectives because the concept also has 

a strategic role in the success of companies and in sustaining these technologies. Therefore, the 

concept of Industry 4.0 is explained as a multidimensional construct, including both 

technological and management approaches. In this sense, the framework could be viewed as 

value-seeking focused approach for further studies.  

 Secondly, the dissertation also extended the current literature on SCI and SCP by employing 

their definitions and key elements, which might be relevant for different SCs. For decades, the 

importance of SCI on SCP has been taken in previous studies; however, this concern is still a 

dilemma in the SCM literature. To elucidate this question, the present dissertation also attempts 

to contribute to the current literature by providing novel and empirically tested results which can 

be useful for further studies.  

  Thirdly, the proposed model that examines the relationship between Industry 4.0, SCI and 

SCP, covers the research gap in Industry 4.0 activities on SCM context. There is only limited 

knowledge on how Industry 4.0 yields SCP and what the essential frameworks are to do this. 

This dissertation also examines the direct and indirect effects of the constructs in order to observe 

this relationship clearly.  

   Finally, the current dissertation applied in two strategic management theories, the 

“Resource-Based View” and “Relational View”, to present the role of Industry 4.0 for SCP, 

thereby, extending the insights of this dissertation through theoretical support. Following the 

suggestions of the RBV, Industry 4.0 was identified as an important asset and capability of 
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organisations to improve their competitive advantage and performance superiority. As for the 

Relational View approach, the networks and collaboration of organisations on their performance 

superiority were examined. These two theories enable the current dissertation to analyse the 

linkages between Industry 4.0, SCI and SCP accurately.          

   5.3. Managerial Implications 

From a managerial point of view, the results of this dissertation can be practical for operations, 

production and supply chain managers and practitioners. From an operational perspective, the 

results demonstrate that the implementations of Industry 4.0 enhance not only the activities of 

SC integration but also overall performance across SC in an emerging country context, according 

to the perceptions of the manufacturing industry. The enterprises which are willing to start to 

assess their production and operational activities toward the Industry 4.0 path should also 

consider their strategic objectives, employee factor, technology-driven culture and requirements 

of implementing a particular technology for their organisations. For this reason, the findings of 

this research provide a guideline about what items need to be followed and prioritised by 

managers and practitioners regarding improvements of Industry 4.0 practices. Although the 

concepts of advanced technologies such as “big data”, “cloud”, “3DP” or “augmented reality” 

could be regarded as more dominant in developed countries than developing ones; these 

technological streams must be pursued by emerging markets to attain their competitiveness 

standards in the manufacturing context.  

 The assessment of Industry 4.0 would be viewed as a typological analysis (Sony and Naik, 

2019, p. 15); consequently, its critical success factors should be understood at a supply chain 

level. When organisations understand their supply chain dynamics in a better way, they will set 

some strategies to improve their network integration and performance. As an aid to practice, the 

enterprises could exploit the elements to assess Industry 4.0 as well as the frameworks for 

integration and performance of their SCs as suggested in this dissertation. All three elements of 

Industry 4.0 are significant and interrelated with each other; thus, organisations can shape their 

activities by either implementing new technological trends or converting their current production 

into a smart process. Since the dissertation strongly highlights the linkages between Industry 4.0 

and the supply chain concept; it can be used as an outline for structuring the horizontal strategy 

across SCs.  

This dissertation also investigated the important items of Industry 4.0 and SCI to enhance 

SCP. Through the findings of this dissertation, managers could examine the current level of their 

companies in particular items of Industry 4.0 and SCI and prioritise them to achieve higher 

performance. The strategical items of Industry 4.0 such as the availability of roadmap and 

Industry 4.0 infrastructure, and employee familiarity are important to achieve SCP. Additionally, 



 
  

109 

the items of internal integration are pioneered to achieve better on SCP. Hence, managers could 

seek how their organisations perform on these items and allocate their resources into more 

important items for SCP.   

  Given the above considerations, this dissertation motivates industrial professionals to 

perceive the potentials of Industry 4.0 with a more explicit and comprehensive approach. Due to 

the lack of utilisation of Industry 4.0 practices in organisations, it will not be simple to recognise 

the needs and benefits of Industry 4.0 for SCs. In addition, this would make it difficult to allocate 

the resources of companies, employee tasks for certain areas to be improved and accurate tools 

for better integration in a network perspective. For this reason, this dissertation may help supply 

chain and operational practitioners identify their current capabilities of Industry 4.0 and SC 

activities and monitor them in an inter-organisational business need.  

   5.4. Limitations 

  Although this dissertation is based on empirical evidence on the practices of Industry 4.0 and 

SCM, it is noted that the main limitation of this dissertation is that all the practices and 

applications of Industry 4.0 are explored in a broad overview in an emerging country context, 

where the implementation of these technologies is not feasible yet, and probably will not be 

obtained in a short term. There is proof of that in the proposed model of this dissertation, where 

many of the items related to advanced technologies such as cloud, 3DP, autonomous machines, 

customisation, customer access into the manufacturing systems, etc. have been removed. In 

addition, the level of implementation of these particular technologies might be based on the 

specific requirements of companies such as improving their KPIs in a particular area in SCs; 

therefore, the degree of their utilisation may differ from firm to firm. Thus, these concerns might 

be the obstructions to generalise the results of this dissertation in terms of Industry 4.0 assessment 

for all developing countries. 

  Noteworthily, the level of adoption may not solely hinge on internal decisions of 

organisations, but also depend on some external aspects, particularly, government incentives and 

access to public funds (Dalenogare et al., 2018, Frank et al., 2016). The government agencies 

may come up with several solutions to embolden the adoption of technological trends in 

manufacturing industries by addressing the requirements of countries (Bahrin et al., 2016, p. 

142). According to Kumar et al. (2019), there are some weaknesses of Turkey on its Industry 4.0 

journey such as limited R&D share of its national income, inadequate support of university-

industry cooperation, lack of legal standards for Industry 4.0, less qualified staffs in SMEs or 

challenges on accessing EU financial support. In this dissertation, Industry 4.0 plans of the 

government and their incentives into the local industry have been neglected. One of the reasons 

for that, as in the case of Turkey, there are still some shortcomings in the patterns of pilot projects 
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on smart factories and holistic approaches such as vocational training of the workforce toward 

Industry 4.0, although last year the country launched its Industry 4.0 roadmap. Also, what kind 

of standards must be achieved by the government to shape the SC ecosystem in the country such 

as readiness or training of the suppliers needed to be explained in detail. Presumably, more 

particular emphasis on government plans about Industry 4.0 should be overhauled when 

analysing assessment models rather than focusing on a broader analysis. 

Lastly, the percent of firm sizes and sectors of the companies are not equally divided in this 

dissertation; therefore, these may create a challenge to observe the effects of these variables on 

Industry 4.0, SCI and SCP. The representatives are predominantly employed in large companies 

and automotive and electronic sectors which may be the pioneers of adapting Industry 4.0 

practices and more effective SC solutions. Thus, more specific Industry 4.0 and SC models that 

represent the requirements of SMEs might be conducted in further studies.  

  5.5. Future Research Directions and Recommendations 

            Despite some arguments of this dissertation regarding the assessment of Industry 4.0 in SC 

practices; due to the theoretical nature of the field, there are still several open questions to be 

responded to, which delimitate the generalisability of the results of this dissertation. Thus, the 

current dissertation recommends that future studies also consider implementation and 

standardised facets of these technologies as well as creating a digital environment in workplaces 

where employees, network partners, or machines can integrate with each other. However, it is 

not enough to only focus on the technological side of Industry 4.0, but also the impacts must be 

evaluated at a management level. There are many concerns that Industry 4.0 outweighs the 

related costs, specifically, investing heavily in new technologies, qualified manpower costs, or 

technical expenditures such as data security, integrity might be taken as outlays for organisations. 

For this reason, scholars must be encouraged to put forth more research on performance 

assessments including both short and long-term strategies of organisations when they utilise these 

technologies. In reality, it is not always enough to provide a comprehensive assessment model 

for enterprises, transformation toward Industry 4.0 may also begin with particular areas such as 

procurement, ordering or inventory activities.  In this sense, future studies should concentrate on 

case studies, pilot projects, or interviews to identify the particular needs of organisations at a 

company level basis.   

             The resistance of employees against these technologies should not be underestimated since 

they are an important factor in enterprises. The new methods of training and adaptation and 

familiarity of employees with new technologies must be examined in more detailed forms. The 

improvement of specific job profiles and individual qualification layouts should be exploited as 

a part of increasing the operational performance of organisations. Therefore, the current 
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dissertation also calls for further empirical studies that may be done on the competencies of 

organisations.  

      Future studies could also concentrate on how different sectors and sizes of companies affect 

Industry 4.0 implementation and supply chain practices because their effects are still uncertain 

in the literature. The level of Industry 4.0 implementation could be distinguished by the company 

size, sector and countries. This sort of analysis is also important to examine the prioritisation of 

the items for Industry 4.0 and SCI, which will lead to higher SCP. Organisations could perform 

differently in terms of the level of Industry 4.0 and supply chain practices; and the prioritisation 

of the items might be changed based on the specific needs of organisations. Therefore, more 

empirical studies should be conducted regarding which items are important for organisations and 

how they perform on these particular items depending on their company size and sector.  

      Finally, this dissertation explained the organisational and human aspects as well as the 

technological point of view of the assessment of Industry 4.0. Future studies might extend this 

work by adding more aspects such as government role, leadership, agile architecture and several 

competencies of organisations by examining their benefits and challenges in the SCM concept.  
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6.   SUMMARY 

 

     The aim of this dissertation was to analyse the effect of Industry 4.0 on Supply Chain 

Integration (SCI) and Supply Chain Performance (SCP) in the manufacturing industry in Turkey. 

After reviewing the literature comprehensively, four hypotheses were formulated in this 

dissertation: (1) Industry 4.0 positively affects SCI, (2) SCI positively affects SCP, (3) Industry 

4.0 positively affects SCP and (4) SCI mediates the relationship between Industry 4.0 and SCP. 

Since Industry 4.0 is not a well-established term in supply chain practices, the huge gap has been 

identified through the literature. 

     Before evaluating these hypotheses, the pilot study has been applied with 14 manufacturers 

to develop the items of the questionnaire. To examine the hypotheses put forth above, the author 

adopted the survey instrument from different studies for Industry 4.0, SCI and SCP through the 

insights of the literature review and the interviews. To gather the primary data, the questionnaire 

was distributed to 1000 largest manufacturing companies in Turkey according to the Istanbul 

Chamber of Industry (ISO). A total of 212 usable responses were taken out of 1000 companies. 

Therefore, the response rate is 21.2% among the targeted sample. 

     As for the analysis of the data collected, firstly, “Confirmatory Factor Analysis (CFA)” has 

been conducted for the items of Industry 4.0, SCI and SCP. The findings indicated that a total of 

9 items were eliminated from the Industry 4.0 scale while only one item was removed from the 

SCP scale because they did not perform in satisfying thresholds. Later, the rest of the items were 

analysed in structural equation modelling by using the PLS-SEM method which examines the 

relationships between Industry 4.0, SCI and SCP. 

       The findings of the analysis indicated that the practices of Industry 4.0 have a strong and 

positive impact on SCI, SCI positively and significantly affect SCP, Industry 4.0 has a positive 

impact on SCP; however, this relationship is weak and SCI partially mediates the relationship 

between Industry 4.0 and SCP. Therefore, hypotheses 1, 2 and 3 were supported while hypothesis 

4 was partially supported. Although three control variables - employee numbers, annual revenue 

and sector of the companies- were added into the model, the results still remained the same for 

the relationships between Industry 4.0 and SCI, and SCI and SCP; however, these variables 

changed the findings of the relationship between Industry 4.0 and SCP since the relationship was 

insignificant with the control variables. Therefore, the impact of Industry 4.0 on SCP is 

significant when it is independently taken from these control variables. 

       This dissertation provides an analysis of Industry 4.0 practices on the SCM concept, that might 

be practical for operations management and supply chain researchers who are likely to develop 

further research on that field as well as for operations, production and supply chain managers 
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and practitioners. However, there are still several open questions to be responded to; therefore, 

this dissertation also recommends that future studies might concentrate on implementation and 

standardisation of the practices of Industry 4.0 on SCM by integrating the network partners, 

machines and employees with the digital technologies.  
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APPENDICES 

 

Appendix 1. Pilot Test (Interview) Guideline 

 

Section I.  

   

1. Can you explain your position and functions in the company including your experience in 

that position? 

2. What are the particular tasks and areas of your responsibility in that position? 

 

Section II. 

 

1. What does the term of ‘Industry 4.0’ mean to you? Can you also explain that which 

technologies does the term bring to your mind? 

2. Is Industry 4.0 already implemented in your company? If not, can you explain the time 

frame (short, mid-term or long term) for the adoption of Industry 4.0 in your organisation? 

3. What kind of benefits do you see for your organisation when Industry 4.0 is introduced? 

4. What kind of challenges do you see for your organisation when Industry 4.0 is introduced? 

5. Can you explain that what necessary steps should be achieved for fully adoption of 

Industry 4.0 for your organisation (ex. related to Industry 4.0 strategy, employee, culture 

and technology)? How does your organisation perform on these steps? 

 

Section III. 

 

1. Do you think that Industry 4.0 is relevant for integration of supply chain activities? More 

specifically, how does it effect on integration of suppliers and customers and internal 

activities? 

2. Can you explain the KPIs for your company? Do you think that Industry 4.0 is relevant for 

improving these performance metrics? (such as effects on resources/cost items, output and 

customer satisfaction items and flexibility items) 
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Appendix 2. Characteristics of the Respondents and the Companies (Pilot 

Test/Interview, N=14)  

Source: Author’s own analysis 
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Appendix 3. Questionnaire in English 

 

ASSESSMENT OF INDUSTRY 4.0 AND SUPPLY CHAIN 

PERFORMANCE 

 

Dear Sir or Madam,  

 

This questionnaire has been prepared for a doctoral thesis and will only be used for academic 

purposes. The aim of this questionnaire is to investigate the companies’ Industry 4.0 assessment 

and supply chain performance. Thus, the data collected will be empirically tested and expressed 

with aggregated results so the name of the company and the respondent will be kept confidential. 

The results of this questionnaire could be shared with your company as a request of the respondent. 

Please let us know if you want the results of the questionnaire. 

 

Section I. Industry 4.0 Assessment 

 
1.1. Please indicate the extent of Industry 4.0 strategy implemented in your company (1- not at all, 

2 - slightly, 3 - moderately, 4 - very, 5 - extremely) 

 
 

1.2. Please indicate the extent of Industry 4.0 practices in your company in terms of employees 

and company’s culture (1 - not at all, 2 - slightly, 3 - moderately, 4 - very, 5 - extremely) 
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1.3. Please indicate the extent of the practices of your company in terms of Industry 4.0 

technologies (1 - not at all, 2 - slightly, 3 - moderately, 4 - very, 5 - extremely) 
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Section II: Supply Chain Integration 

 
2.1. Please indicate the level of integration with the key suppliers of your company (1 - very low, 

2 - low, 3 - moderate, 4 - high, 5 - very high 

 
2.2. Please indicate the level of internal integration in your company (1 - very low, 2 - low, 3 - 

moderate, 4 - high, 5 - very high) 

 
2.3. Please indicate the level of integration with the key customers of your company (1 - very low, 

2 - low, 3 - moderate, 4 - high, 5 - very high) 
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Section III. Supply Chain Performance 

 
3.1. Please indicate the extent of your company’s performance in terms of resource utilisation 

compared to the company’s main competitors in its industry (1 - very low performance, 2 - low 

performance, 3 - moderate performance, 4 - high performance, 5 - excellent performance) 

 

3.2. Please indicate the extent of your company’s performance in terms of output compared to the 

company’s main competitors in its industry (1- very low performance, 2 - low performance, 3 - 

moderate performance, 4 - high performance, 5 - excellent performance) 

 
3.3. Please indicate the extent of your company’s performance in terms of output compared to the 

company’s main competitors in its industry (1 - very low performance, 2 - low performance, 3 - 

moderate performance, 4 - high performance, 5 - excellent performance) 
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Section IV. General information About Respondents and The Company 
 

4.1. Please indicate your position in the company. 

 Top (Chief Executive, Chairperson) 

 Senior Executive (General Managers, Managing Director) 

 Upper Middle (Departmental Heads/Executives, Factory Managers) 

 Middle (Office Managers, Professional Staff) 

 First Level (Forepersons, Supervisors) 

 

4.2. Which of the following best describes the sector of the organisation? 

 Automotive    Chemicals   Electronics & Electrical Appliances   þFood and Beverage    

Machinery   Metals   Minerals  Pharmaceuticals  Plastics   Textile   Other, Please 

specify here......................................... 

 

4.3. Roughly, how many people are employed in your company? 

  10-49      50-249    250-499  More than 500 

 

4.4. What is the average revenue of your company? 

 less than 3 million TL or equal          between 3 to 25 million TL          between 25 to 125 

million TL       more than 125 million TL 
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Appendix 4. Spearman Rank Correlations (Items of Industry 4.0 Selected for 

PLS-SEM) 
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Appendix 5. Spearman Rank Correlations (Items of SCI Selected for PLS-

SEM) 

 
 SInt1 SInt2 SInt3 SInt4 IInt1 IInt2 IInt3 IInt4 CInt1 CInt2 CInt3 CInt4 

SInt1 
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**. Correlation is significant at the 0.01 level (2-tailed). 

Source: Author’s own analysis 
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Appendix 6. Spearman Rank Correlations (Items of SCP Selected for PLS-

SEM) 
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**. Correlation is significant at the 0.01 level (2-tailed). 

Source: Author’s own analysis 
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Appendix 7. Common Method Bias Test (All Items) 

Total Variance Explained 

Factor Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 20,464 38,610 38,610 19,864 37,480 37,480 

2 5,132 9,683 48,294    

3 2,150 4,057 52,350    

4 1,719 3,244 55,594    

5 1,534 2,894 58,488    

6 1,447 2,731 61,219    

7 1,359 2,564 63,782    

8 1,206 2,275 66,057    

9 1,102 2,079 68,136    

10 1,055 1,990 70,126    

11 ,953 1,798 71,924    

12 ,899 1,697 73,620    

13 ,826 1,558 75,179    

14 ,815 1,537 76,716    

15 ,704 1,329 78,045    

16 ,676 1,275 79,320    

17 ,629 1,186 80,506    

18 ,613 1,157 81,663    

19 ,588 1,110 82,773    

20 ,541 1,021 83,794    

21 ,523 ,986 84,780    

22 ,491 ,927 85,707    

23 ,459 ,865 86,572    

24 ,450 ,850 87,422    

25 ,433 ,817 88,239    

26 ,411 ,775 89,014    

27 ,395 ,746 89,759    

28 ,356 ,672 90,432    

29 ,346 ,653 91,085    

30 ,335 ,631 91,716    

31 ,318 ,601 92,317    

32 ,310 ,584 92,901    

33 ,300 ,566 93,467    

34 ,268 ,506 93,973    

35 ,254 ,480 94,452    

36 ,245 ,462 94,914    

37 ,239 ,451 95,365    

38 ,230 ,434 95,800    

39 ,218 ,412 96,211    

40 ,212 ,399 96,611    

41 ,189 ,356 96,967    

42 ,186 ,352 97,318    

43 ,182 ,344 97,663    

44 ,171 ,322 97,985    

45 ,167 ,315 98,300    

46 ,150 ,283 98,583    

47 ,142 ,269 98,851    

48 ,132 ,250 99,101    

49 ,118 ,223 99,324    

50 ,106 ,200 99,524    

51 ,095 ,179 99,703    

52 ,083 ,156 99,859    

53 ,075 ,141 100,000    

 

Extraction Method: Principal Axis Factoring. 

Source: Author’s own analysis 
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Appendix 8. Tests of Normality (All Items) 

Tests of Normality 
 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
S&01 

,192 212 ,000 ,906 212 ,000 

S&02 
,224 212 ,000 ,897 212 ,000 

S&03 
,286 212 ,000 ,826 212 ,000 

S&04 
,160 212 ,000 ,904 212 ,000 

E&C1 
,165 212 ,000 ,915 212 ,000 

E&C2 
,163 212 ,000 ,909 212 ,000 

E&C3 
,219 212 ,000 ,897 212 ,000 

E&C4 
,241 212 ,000 ,881 212 ,000 

T1 
,216 212 ,000 ,889 212 ,000 

T2 
,219 212 ,000 ,903 212 ,000 

T3 
,272 212 ,000 ,833 212 ,000 

T4 
,226 212 ,000 ,869 212 ,000 

T5 
,220 212 ,000 ,889 212 ,000 

T6 
,177 212 ,000 ,895 212 ,000 

T7 
,205 212 ,000 ,902 212 ,000 

T8 
,164 212 ,000 ,896 212 ,000 

T9 
,205 212 ,000 ,857 212 ,000 

T10 
,232 212 ,000 ,808 212 ,000 

T11 
,297 212 ,000 ,770 212 ,000 

T12 
,215 212 ,000 ,858 212 ,000 

T13 
,201 212 ,000 ,905 212 ,000 

T14 
,166 212 ,000 ,916 212 ,000 

T15 
,169 212 ,000 ,881 212 ,000 

T16 
,169 212 ,000 ,916 212 ,000 

RPERF1 
,245 212 ,000 ,881 212 ,000 

RPERF2 
,247 212 ,000 ,872 212 ,000 

RPERF3 
,219 212 ,000 ,887 212 ,000 

RPERF4 
,206 212 ,000 ,894 212 ,000 

RPERF5 
,246 212 ,000 ,862 212 ,000 

OPERF1 
,295 212 ,000 ,846 212 ,000 

OPERF2 
,254 212 ,000 ,814 212 ,000 

OPERF3 
,256 212 ,000 ,798 212 ,000 

OPERF4 
,283 212 ,000 ,840 212 ,000 

OPERF5 
,274 212 ,000 ,826 212 ,000 

OPERF6 
,264 212 ,000 ,832 212 ,000 

OPERF7 
,269 212 ,000 ,800 212 ,000 

FPERF1 
,269 212 ,000 ,814 212 ,000 

FPERF2 
,249 212 ,000 ,862 212 ,000 

FPERF3 
,259 212 ,000 ,879 212 ,000 
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FPERF4 
,259 212 ,000 ,867 212 ,000 

FPERF5 
,245 212 ,000 ,865 212 ,000 

SInt1 
,227 212 ,000 ,896 212 ,000 

SInt2 
,271 212 ,000 ,876 212 ,000 

SInt3 
,234 212 ,000 ,893 212 ,000 

SI4nt 
,200 212 ,000 ,908 212 ,000 

IInt1 
,242 212 ,000 ,876 212 ,000 

IInt2 
,269 212 ,000 ,865 212 ,000 

IInt3 
,243 212 ,000 ,868 212 ,000 

IInt4 
,244 212 ,000 ,868 212 ,000 

CInt1 
,220 212 ,000 ,888 212 ,000 

CInt2 
,242 212 ,000 ,883 212 ,000 

CInt3 
,192 212 ,000 ,896 212 ,000 

CInt4 
,234 212 ,000 ,885 212 ,000 

Source: Author’s own analysis 
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Appendix 9. The demographic profiles of the respondents and companies 

 
Source: Author’s own analysis 
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Appendix 10. The Descriptive Statistics of Industry 4.0 Items 

Elements Items 
Frequency 

Mean SD 
1 2 3 4 5 

S&O 

S&O1 14.2 20.8 25.5 30.2 9.4 3 1.20 

S&O2 12.3 21.7 19.3 34.0 12.7 3.13 1.24 

S&O3 0.5 4.7 15.1 51.4 28.3 4.02 0.81 

S&O4 17.9 22.2 23.6 22.2 14.2 2.92 1.31 

E&C 

E&C1 12.3 20.8 29.2 25.9 11.8 3.04 1.19 

E&C2 17.0 17.9 29.7 22.6 12.7 2.96 1.26 

E&C3 8.5 12.7 27.8 35.4 15.6 3.37 1.14 

E&C4 2.4 9.0 26.4 40.6 21.7 3.70 0.98 

T 

T1 9.4 10.4 31.6 36.3 12.3 3.32 1.11 

T2 7.1 16.0 28.8 35.8 12.3 3.30 1.09 

T3 8.0 9.0 13.7 37.7 31.6 3.76 1.21 

T4 3.8 7.5 24.5 35.8 28.3 3.77 1.06 

T5 8.5 14.2 22.2 32.5 22.6 3.47 1.22 

T6 17.0 15.1 24.1 25.0 18.9 3.14 1.35 

T7 7.5 14.6 26.9 32.1 18.9 3.40 1.17 

T8 25.0 22.6 25.9 19.3 7.1 2.61 1.24 

T9 34.9 20.8 17.9 16.5 9.9 2.46 1.37 

T10 18.4 11.3 9.4 22.2 38.7 3.51 1.53 

T11 50.0 13.7 13.2 9.4 13.7 2.23 1.48 

T12 31.6 27.8 19.8 9.9 10.8 2.41 1.31 

T13 9.0 18.4 24.5 30.7 17.5 3.29 1.21 

T14 10.4 20.8 30.7 26.4 11.8 3.08 1.16 

T15 27.4 20.3 18.9 23.6 9.9 2.68 1.35 

T16 9.9 19.3 33.5 24.1 13.2 3.11 1.16 

Source: Author’s own analysis 
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Appendix 11. The Descriptive Statistics of SCI Items 

Elements Items 
Frequency 

Mean SD 
1 2 3 4 5 

SInt 

SInt1 2.8 12.7 30.7 38.2 15.6 3.51 0.99 

SInt2 2.8 11.3 26.4 45.8 13.7 3.56 0.95 

SInt3 1.9 12.7 30.7 39.6 15.1 3.53 0.96 

SInt4 4.7 17.9 30.2 32.5 14.6 3.34 1.07 

IInt 

IInt1 0.5 8.5 27.4 42.0 21.7 3.76 0.90 

IInt2 0.9 7.5 23.1 46.7 21.7 3.81 0.89 

IInt3 1.4 5.2 27.8 42.9 22.6 3.80 0.89 

IInt4 1.4 5.2 27.4 42.9 23.1 3.81 0.89 

CInt 

CInt1 2.8 9.0 30.2 37.3 20.8 3.64 0.99 

CInt2 1.9 9.4 27.4 41.0 20.3 3.68 0.96 

CInt3 4.2 10.4 36.3 29.2 19.8 3.50 1.05 

CInt4 1.4 9.4 29.2 40.1 19.8 3.67 0.94 

  Source: Author’s own analysis 

Appendix 12. The Descriptive Statistics of SCP Items 

Elements Items 
Frequency 

Mean SD 
1 2 3 4 5 

RPERF 

RPERF1 1.4 10.4 44.3 33.0 10.8 3.42 0.86 

RPERF2 0.9 8.5 43.9 36.3 10.4 3.47 0.82 

RPERF3 1.4 9.9 37.3 38.2 13.2 3.52 0.89 

RPERF4 2.4 13.2 38.7 35.4 10.4 3.38 0.92 

RPERF5 2.4 3.8 31.1 43.9 18.9 3.73 0.89 

OPERF 

OPERF1 1.4 5.2 25.0 52.4 16.0 3.76 0.83 

OPERF2 0.9 2.4 15.1 46.2 35.4 4.13 0.81 

OPERF3 0.9 1.4 13.2 48.1 36.3 4.17 0.78 

OPERF4 1.4 3.8 20.8 50.5 23.6 3.91 0.84 

OPERF5 1.4 2.4 18.4 49.5 28.3 4.01 0.83 

OPERF6 0.5 2.8 17.9 49.1 29.7 4.05 0.79 

OPERF7 0.5 1.4 12.7 52.8 32.5 4.16 0.72 

FPERF 

FPERF1 1.4 2.8 15.1 47.6 33.0 4.08 0.84 

FPERF2 0.5 6.1 23.6 43.9 25.9 3.89 0.88 

FPERF3 1.4 9.9 27.4 44.3 17.0 3.66 0.92 

FPERF4 0.5 6.1 28.8 46.2 18.4 3.76 0.84 

FPERF5 0.9 7.1 23.1 42.0 26.9 3.87 0.92 

  Source: Author’s own analysis 
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Appendix 13. Path Coefficients (PLS-SEM) 

 
  CInt E&C  FPERF I.4.0 IInt OPERF RPERF SCI SCP SInt S&O T 

CInt                         

E&C                         

FPERF                         

I.4.0   0,907           0,630 0,169   0,879 0,956 

IInt                         

OPERF                         

RESPERF                         

SCI 0,874       0,852       0,632 0,891     

SCP     0,904     0,905 0,842           

SInt                         

S&O                         

T                         

Source: Author’s own analysis 
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Appendix 14. Specific Indirect Effects (PLS-SEM) 

  Specific Indirect Effects 

I.4.0 -> SCI -> CInt 0,551 

I.4.0 -> SCP -> FPERF 0,153 

SCI -> SCP -> FPERF 0,571 

I.4.0 -> SCI -> SCP -> FPERF 0,360 

I.4.0 -> SCI -> IInt 0,537 

I.4.0 -> SCP -> OPERF 0,153 

SCI -> SCP -> OPERF 0,572 

I.4.0 -> SCI -> SCP -> OPERF 0,360 

I.4.0 -> SCP -> RPERF 0,143 

SCI -> SCP -> RPERF 0,532 

I.4.0 -> SCI -> SCP -> RPERF 0,335 

I.4.0 -> SCI -> SCP 0,398 

I.4.0 -> SCI -> SInt 0,561 

Source: Author’s own analysis 

Appendix 15. Total Effects (PLS-SEM) 

 

  CInt E&C FPERF I.4.0 IInt OPERF RPERF SCI SCP SInt 
 

S&O  
T 

CInt             

E&C             

FPERF             

I.4.0 0,551 0,907 0,513  0,537 0,514 0,478 0,630 0,568 0,561 0,879 0,956 

IInt             

OPERF             

RPERF             

SCI 0,874  0,571  0,852 0,572 0,532  0,632 0,891   

SCP   0,904   0,905 0,842      

SInt             

S&O             

T             

Source: Author’s own analysis 
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Appendix 16. R Square (PLS-SEM) 

 

  R Square R Square Adjusted 

CInt 0,765 0,763 

E&C 0,822 0,822 

FPERF 0,817 0,816 

IInt 0,727 0,725 

OPERF 0,819 0,818 

RPERF 0,709 0,707 

SCI 0,398 0,395 

SCP 0,566 0,56 

SInt 0,793 0,792 

S&O 0,773 0,772 

T 0,914 0,914 

Source: Author’s own analysis 

Appendix 17. f square (PLS-SEM) 

 

  CInt E&C FPERF I.4.0 IInt OPERF RPERF SCI SCP SInt S&O T 

CInt             

E&C             

FPERF             

I.4.0  4,629      0,659 0,040  3,411 10,632 

IInt             

OPERF             

RPERF             

SCI 3,247    2,658    0,551 3,839   

SCP   4,461   4,531 2,433      

SInt             

S&O             

T             

Source: Author’s own analysis 
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Appendix 18. Construct Reliability and Validity (PLS-SEM) 

 
  

Cronbach's Alpha rho_A 
Composite 

Reliability 

Average Variance 

Extracted (AVE) 

CInt 
0,912 0,913 0,938 0,791 

E&C 
0,823 0,828 0,883 0,655 

FPERF 
0,892 0,894 0,921 0,701 

I.4.0 
0,947 0,948 0,953 0,576 

IInt 
0,919 0,919 0,943 0,805 

OPERF 
0,871 0,872 0,903 0,609 

RPERF 
0,870 0,872 0,906 0,660 

SCI 
0,938 0,938 0,946 0,595 

SCP 
0,936 0,937 0,943 0,511 

SInt 
0,889 0,890 0,924 0,751 

S&O 
0,900 0,906 0,938 0,834 

T 
0,913 0,914 0,930 0,623 

Source: Author’s own analysis 

Appendix 19. Construct Reliability and Validity (PLS-SEM) 

 

  
Original Sample 

(O) 
Sample Mean (M) 

Standard 

Deviation 

(STDEV) 

T Statistics 

(|O/STDEV|) 
P Values 

I.4.0 -> E&C 0,91 0,907 0,014 65,506 0,000 

I.4.0 -> SCI 0,630 0,630 0,054 12,135 0,000 

I.4.0 -> SCP 0,17 0,171 0,067 2,670 0,011 

I.4.0 -> S&O 0,879 0,880 0,015 60,355 0,000 

I.4.0 -> T 0,956 0,956 0,006 148,525 0,000 

SCI -> CInt 0,874 0,875 0,019 46,607 0,000 

SCI -> IInt 0,852 0,851 0,024 35,344 0,000 

SCI -> SCP 0,635 0,630 0,064 9,964 0,000 

SCI -> SInt 0,891 0,891 0,016 57,291 0,000 

SCP -> FPERF 0,904 0,905 0,013 69,780 0,000 

SCP -> OPERF 0,905 0,905 0,018 51,106 0,000 

SCP -> RPERF 0,842 0,842 0,026 31,789 0,000 

Source: Author’s own analysis 
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Appendix 20. Total Effects (Bootstrapping) 

 
  

Original Sample 

(O) 
Sample Mean (M) 

Standard 

Deviation 

(STDEV) 

T Statistics 

(|O/STDEV|) 
P Values 

I.4.0 -> CInt 0,551 0,552 0,052 10,569 0,000 

I.4.0 -> E&C 0,907 0,907 0,014 65,506 0,000 

I.4.0 -> FPERF 0,513 0,514 0,056 9,147 0,000 

I.4.0 -> IInt 0,537 0,537 0,051 10,448 0,000 

I.4.0 -> OPERF 0,514 0,515 0,058 8,807 0,000 

I.4.0 -> RPERF 0,478 0,479 0,058 8,228 0,000 

I.4.0 -> SCI 0,630 0,630 0,054 11,599 0,000 

I.4.0 -> SCP 0,568 0,568 0,060 9,513 0,000 

I.4.0 -> SInt 0,561 0,562 0,052 10,885 0,000 

I.4.0 -> S&O 0,879 0,880 0,015 60,355 0,000 

I.4.0 -> T 0,956 0,956 0,006 148,525 0,000 

SCI -> CInt 0,874 0,875 0,019 46,607 0,000 

SCI -> FPERF 0,571 0,571 0,061 9,322 0,000 

SCI -> IInt 0,852 0,851 0,024 35,344 0,000 

SCI -> OPERF 0,572 0,571 0,062 9,242 0,000 

SCI -> RPERF 0,532 0,531 0,059 8,994 0,000 

SCI -> SCP 0,632 0,630 0,064 9,811 0,000 

SCI -> SInt 0,891 0,891 0,016 57,291 0,000 

SCP -> FPERF 0,904 0,905 0,013 69,780 0,000 

SCP -> OPERF 0,905 0,905 0,018 51,106 0,000 

SCP -> RPERF 0,842 0,842 0,026 31,789 0,000 

Source: Author’s own analysis 
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