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1. Introduction 

The introduction of Industry 4.0 has brought a revolution not in the IT industry but in the 

manufacturing sector and in the society. The impact of Industry is so huge that even the 

concept of smart cities has been formulated based in Industry 4.0 technologies. The 

motivation of the study is driven from the significance of the Industry 4.0 technologies. In the 

manufacturing sector, there are various domains that are being affected by the Industry 4.0. 

However, this study decided to focus on the variables of OEE and competitiveness in context 

with the size of the organization. In the research domain of operations and production 

management, the research interest is being developed to study the impact of Industry 4.0 

technologies on the manufacturing sector. The research focuses on OEE and competitiveness 

as these are also relevant topics within this research domain. The study aims to explore the 

significance of the Industry 4.0 technologies on the above mentioned areas of the interest. 

This will help us to understand the nature of the relationship among them and will give us the 

insight to investigate the impact of the Industry 4.0 on the manufacturing sector.  

A rapid industrial development has been seen in modern industrial age to improve the 

lifestyle in the society. According to Łabędzka (2021) Industry 4.0 offers an opportunity of 

digital transformation in industrial development. Xu (2020) states that Industry 4.0 affects the 

society and it transforms the meaning of work from work for life to life as work. In every era, 

there is a need for technological development and advancement to meet the challenges of 

present time and challenges ahead of time. According to Xu (2020), Machado et al. (2019), 

Zhang & Chen (2020), Javaid et al. (2021), Khan & Javaid (2021) and Mateo & Redchuk 

(2022) Industry 4.0 is termed as fourth generation revolution. It is characterized as advanced 

level of automation and integration in the manufacturing industry. It represents an embedded 

and connected system of technologies that has blurred the boundaries between real and 

virtual world. Increase in demand for energy consumption and subsequently environmental 

pollution are one of the major challenges that are being faced by the manufacturing sector 

today. To work profitably in the given changing environment, organizations have to 

restructure themselves including their resources so that they can contribute to the industrial 

growth across the globe.  

Kumar et al. (2020) argue that new manufacturing technologies are necessary for sustainable 

manufacturing in organizations. It is believed that production systems based on sustainable 
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manufacturing processes are energy efficient as they help to reduce the consumption of 

energy and resources. Digitization of manufacturing processes can help to make 

manufacturing processes more efficient and more sustainable. Karnik et al. (2022) state that 

Industry 4.0 has the ability to make substantial changes in the production, quality, lead time, 

cost, employment and economic growth. Kumar et al. (2020) asset that Industry 4.0 is a 

socio-technical concept in which technological, social and organizational processes are 

interconnected. Investment in knowledge acquisition is critical in order to implement 

sustainable practices in manufacturing organizations.  

The phenomenon of digital transformation has become more eminent than ever in the recent 

years. Especially after the surge of pandemic, organizations are transforming themselves at a 

faster pace now by adopting digital technologies and by introducing novel digital business 

models to address the needs of modern times. The big economies went into an economic 

shock after being hit by the novel corona virus. It is worst of the kind known to the mankind. 

Mohapatra et al. (2021) posit that now it is more critical for manufacturing sector to adopt 

digital technologies especially after the lockdowns and supply chain abruptions. When many 

big manufactures were closed during the lock downs, they would have not faced the situation 

if they had smart technologies interconnected with IoT. In that case, machinery and tools 

could have been used remotely. In other words, pandemic is one of the major forces behind 

digital transformation of the manufacturing sector. Matarazzo et al. (2021) avow that digital 

business models incorporated with digital technologies will open new avenues of 

opportunities and bring more value to the organizations. Digital technologies are already 

shaping businesses and their interaction with consumers through multiple communication 

touch points. Digital technologies have the ability to revolutionize existing business models 

and increase customer value by making the business more customer focused. 

Chikwendu et al. (2020) and Hung et al. (2022) argue that importance of process 

improvement can be highlighted by adopting an equipment maintenance approach and one of 

the most common equipment maintenance approach is total productive maintenance (TPM). 

TPM is a proactive rather a reactive approach, it provides an aggressive attitude towards 

problem solving, reducing cost, improving quality and increasing production capacity. 

According to Hung et al. (2022) TPM deals with the reduction of production losses and 

increase in the production time. TPM identifies ―six big losses‖ namely, downtime loss, 

setup/adjustment, defect loss, start up, speed loss and idling/minor stoppages. TPM measures 
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the performance of the production system emphasizing on the core quantitative metric known 

as Overall Equipment Effectiveness (OEE). It is an effective way to measure performance of 

one or more machines/workstations in a production line or a manufacturing unit. Saarikko et 

al. (2020) postulate that developing a strategy has core importance in the implementation of 

digital transformation as (Hung et al. 2022) state that OEE plays a critical role in the strategic 

performance measurement of a manufacturing firm.  

When organizations develop a technology-oriented culture and train workforce with digital 

skills then it becomes easy for an organization to cope with the upcoming challenges that can 

be addressed only through digital technologies. According to Saarikko et al. (2020) there are 

two main reasons to adopt digital technologies. First, digital technologies boost innovation 

and the second is that digital technologies have low entry barrier so firms of all sizes can 

implement in their respective organizations. Digital technologies have a potential to become 

either transformative or disruptive for an organization. They can bring an organization to a 

leading position in a competitive market or create a new niche in the existing industry. 

However, the fruit of digital technologies cannot be reaped without proper understanding of 

digital technologies and a strategy. Any given organization cannot benefit from the digital 

technologies unless they fully understand the true potential of their organization and 

knowledge to adopt the most suitable digital technology as per their requirement. 

The introduction of smart technologies in the field of manufacturing has reformed 

manufacturing as a source of competitive advantage. According to Parthasarthy and Yin 

(1996) the intense pressure on the companies forces them to develop a competitive advantage 

through smart technologies in manufacturing. However, it is stressed by the researchers that 

in order to truly translate that effect, firms have to make overall changes in their 

organizational structure. In order to achieve this objective, companies require a strategy 

which they can follow to achieve a competitive edge. In case of manufacturing companies‘ 

managers often try to formulate strategies focusing on cost cutting or quality enhancements in 

their manufacturing processes to achieve cost or quality based competitiveness. Hayes and 

Pisano (1994) argue that any strategy whether it is JIT or TQM that applied in the 

manufacturing process to improve cost effectiveness or quality will not lead a company 

anywhere unless companies start to think of them as a way forward not as a solution. The 

long-term goal for companies should not be acquiring improved manufacturing processes but 

to build a sustainable competitive edge that can last and cannot be bought or build by other 
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competitors. Gómez & Lafuente (2019) state that an organization should maintain valuable 

resources with itself which cannot be copied to achieve sustainable competitiveness. It is a 

multidimensional concept and the relationship between capabilities and resources are always 

a major focus in understanding the concept of sustainable competitiveness. 

One of the examples of manufacturing competitiveness is flexible products design. It has 

been witnessed by Li et al. (2012) that there is a strong relationship between product design 

and consumer preferences. It is also a known fact that modular product designs gain more 

consumer attention than non-flexible product designs. This is a major reason why companies 

opt of modular product designs to gain maximal market share and to beat their competitors. 

Bonvoisin et al. (2016) define product modular design as ―an activity of designing a product 

that is made up of modules‖ (Bonvoisin et al. 2016 p.02). According to Li et al. (2012) now 

manufacturers have realized that the product designs preferred by the consumers are essential 

for firm‘s success and survivability in global competitive environment. Wei et al. (2017) also 

posit that a platform that allows product design flexibility is needed in order to reduce 

uncertainty, upgrade products and improve development cost and time. In order to do that 

they have adopted the strategy of quality function deployment (QFD) which enables the 

manufacturers to produce products according to the consumer preferences and it also covers 

the changing dimension of consumer preferences over time. QFD defined as ―an overall 

concept that provides the means of translating consumer requirements into appropriate 

technical requirements for each stage of product development and production‖ (Chan et al. 

2002, p.463). Saenz et al. (2018) argue that now market has been shifted to ―on demand‖ 

based economy where consumer demand decides what to buy and manufacturer has to 

produce accordingly. According to Veryzer (1999) consumer preferences are behavioural 

responses based on their innate desires which can be influenced by their social environment, 

cultural and other factors. Tripsas (2008) propounds that it is discontinuity in the consumer 

preferences that forces manufacturers to look for new technologies and manufacturing 

process in order to produce new flexible products.   

This thesis is focussed on the factors that are involved in the decision-making process of 

flexible product development. Organisations need to be innovative and competitive while 

designing and launching flexible products into the market as competition can force the 

companies for continuous R&D to produce new products constantly keep up with the market 

forces. Sometimes, organizations are not sure what might be the right strategy for product 
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development due to rapid changes in the consumer preferences. Organisations develop 

flexible products in terms of their functionality to reduce uncertainty to cater the wide range 

of consumer preferences. Products that can be used in multiple variations and can be 

reconfigured into different settings so that consumers can use them according to their need 

and desire are called flexible products. For example, electric shavers come with different 

trimmer sizes. This option gives consumers multiple choices to use the electric shaver. Nes et 

al. (2005) argue that flexible products last longer because they cannot be replaced by any 

other product so it might give companies a level of certainty in consumer market in terms of 

consumer preferences. 

1.1 Purpose of this study 

The purpose of the study is to determine the effects of the implementation of Industry 4.0 

technologies on the manufacturing sector. The implementation of Industry 4.0 technologies is 

being assessed based on organizational size, OEE and competitiveness. The scientific 

literature available related to these topics have shown evidence that there is a connection 

between them and the implementation of the Industry 4.0 technologies. In the light of the 

literature, the below mentioned hypothesis are being developed to be tested against the data 

which will be collected. The hypotheses are divided into different sections. The analysis of 

these hypotheses will tell us how the implementation of Industry 4.0 affects them and 

whether these variables play a significant role in it or not. 

The present literature extensively talks about the use and benefits of the Industry 4.0 

technologies but there is research gap with respect to the organizational size and 

implementation of the Industry 4.0 technologies. This study has developed a list of 

prerequisites that an organization should complete before the implementation of Industry 4.0 

technologies. The completion of these prerequisites determines the readiness of the 

organization in order to implement Industry 4.0 technologies, leading to the improvement of 

OEE and manufacturing competitiveness. The present literature have extensively discussed 

about the OEE and manufacturing competitiveness, however, literature on Industry 4.0 

technologies readiness and its implementation is limited. The hypothesis related to 

organizational size is related to the implementation and their readiness. This will help to 

determine the awareness of the organization‘s management about digital transformation with 

respect to their organization‘s size. 
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In the manufacturing sector, the OEE is an important variable that determines the 

manufacturing performance of the organizations. When organizations develop 

competitiveness based on their manufacturing, it is crucial to improve OEE in this regard. 

There are six factors in the OEE and unless they have been improved, it is not possible to 

improve OEE. This study has identified 8 main Industry 4.0 technologies while more are 

underway. This study has developed the hypothesis related to OEE not only to test Industry 

4.0 technologies with OEE as whole but also each Industry 4.0 technology has been tested 

with each OEE factor separately. It will help to provide a clear picture to understand which 

technology has what kind of influence on each factor of the OEE. 

Competitiveness is one of the major driving forces that motivate organizations to implement 

Industry 4.0 technologies. Nine components of competitiveness have been derived from the 

literature and these components have been tested against the Industry 4.0 technologies 

independently to identify the relationship among them. The competitiveness variables are 

exclusively related to the manufacturing competitiveness of the organizations. These 

variables act as performance indicators for manufacturing competitiveness. While the 

prerequisites for implementation of industry 4.0 technologies also act as the drivers to obtain 

manufacturing competitiveness in respect with Industry 4.0 technologies.  

These drivers and performance indicators have not been explored along with the Industry 4.0 

technologies along with the role of organisation size yet and this study will determine their 

significance with respect to the Industry 4.0 technologies. The thesis aims to fill this 

knowledge gap with the literature and empirical results. It is important to understand that if 

organisation size really matters to obtain Industry 4.0 readiness which is vital for its 

implementation. The implementation of Industry 4.0 technologies lead to the OEE 

improvement and manufacturing competitiveness. This also helps to understand the viability 

of the Industry 4.0 technologies in several manufacturing firms across the manufacturing 

sector.     

Organizational Size 

H1: There is a positive influence of organizational size on the time since Industry 4.0 

technologies been implemented. 
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H2: There is a positive influence of organizational size on the implementation of Industry 4.0 

technologies. 

H3: There is a positive influence of organizational size on the organizational readiness for 

Industry 4.0 technologies. 

OEE 

H4: There is a positive relationship between OEE and the Industry 4.0 technologies. 

H4.1: There is an inverse relationship between Industry 4.0 technologies and downtime. 

H4.2: There is an inverse relationship between Industry 4.0 technologies and setup time. 

H4.3: There is an inverse relationship between Industry 4.0 technologies and defective 

products. 

H4.4: There is an inverse relationship between Industry 4.0 technologies and performance 

loss. 

H4.5: There is an inverse relationship between Industry 4.0 technologies and speed losses. 

H4.6: There is an inverse relationship between Industry 4.0 technologies and 

planned/unplanned stoppages. 

Competitiveness  

H5: There is a significant impact of Industry 4.0 technologies on competitiveness 

H5.1: There is a significant impact of Industry 4.0 technologies on reduction in resource 

usage 

H5.2: There is a significant impact of Industry 4.0 technologies on reduction in production 

cost 

H5.3: There is a significant impact of Industry 4.0 technologies on increased manufacturing 

capabilities 
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H5.4: There is a significant impact of Industry 4.0 technologies on increased R &D 

H5.5: There is a significant impact of Industry 4.0 technologies on increased product quality 

H5.6: There is a significant impact of Industry 4.0 technologies on increase mass 

customization 

H5.7: There is a significant impact of Industry 4.0 technologies on increased operational 

efficiency 

H5.8: There is a significant impact of Industry 4.0 technologies on flexible manufacturing 

process 

H5.9: There is a significant impact of Industry 4.0 technologies on more flexible product 

design 

1.2 Structure of the Dissertation 

The structure of the dissertation is as follows. 

First Section 

The first chapter of the study provides the introduction of the topic and the purpose of the 

study has been introduced. The motive and the nature of the study have also been discussed. 

The main objectives of the study which this study intends to achieve are also being discussed 

in this section. This section also highlights the importance of the impact of Industry 4.0 

technologies on the various dimensions of manufacturing. 

Second Section 

The second section is comprised on the literature review of the study. The literature has been 

analysed in detail and all the possible dimensions are covered in this section. These include 

the process of digital transformation and the concept of digitalization. Moreover, this section 

also highlights the importance of prerequisites and readiness of the organization before the 

implementation of Industry 4.0 technologies. Furthermore, the impact of Industry 4.0 on 

flexible products and flexible manufacturing has also been discussed. Additionally, the 

impact of Industry 4.0 on competitiveness in regard to smart manufacturing has also been 
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discussed in this section of the study. A theoretical framework for competitiveness and 

knowledge management is also given in this section. Also, the concept of OEE and its 

relationship with the Industry 4.0 technologies has also been discussed in extensive detail.  

Third Section 

The theoretical findings of the study have been elaborated in the third section of the study. A 

theoretical model is being presented to grade the readiness level of organizations for Industry 

4.0 that has been developed. Furthermore, a theoretical model for organizational 

competitiveness in terms of operational efficiency has been developed.  

Fourth Section 

Research design and the methodology of the study have been formulated in this section to 

verify the statements made in the theoretical models empirically. The data collection 

technique, nature of the questionnaire and the data processing techniques that this study 

intended to use are also discussed in detail in this section of the study. The interpretation 

approach that this study has adopted has been explained in this section of the study. 

Fifth Section 

The results of the study are presented in the fifth section. The nature of statistical tools and 

why these tools are being used are explained in this section. The SPSS software package has 

been used for the purpose of data analysis and the tests has been run according to the nature 

of the questions given in the questionnaire. The best suited test has been run by using SPSS 

as per scientific literature to achieve accurate results as much as possible. These findings has 

also been analysed and supported by scientific literature where possible.  

Sixth Section 

The sixth section is based on the recommendations and suggestions that this study made 

based on the results. The recommendations are given to the managers and the policy makers 

of the organizations in this regard. In this section, the study also highlighted the limitations 

and the contributions of the study. 
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Seventh Section 

The seventh section, the concluding remarks has been made addressing the nature of the 

study and what study aimed to achieve. The findings of the study highlighted the importance 

of the Industry 4.0 along with various factors which are probably equally important as 

technology. This section concludes the whole research and explains how this research has 

contributed to the literature. 

1.3 Abstract 

The study emphasizes the importance of Industry 4.0 technologies and its benefits on 

manufacturing organizations. Industry 4.0 is a fourth generation industrial revolution and it is 

based on autonomous manufacturing. This concept was initially floated in Germany and 

similar concepts were also emerged in various countries later on. One of the other concepts is 

smart manufacturing which emerged in the US. These concepts may look similar but Industry 

4.0 covers a wide range of disciplines as it not only connects with manufacturing, but it also 

connects with society, government, academia and the environment. 

This study has a limited scope within the manufacturing domain and analyses the impact of 

Industry 4.0 on OEE and competitiveness with respect to organisation size. The research 

questions have been formulated to cater the domains of OEE and competitiveness. 

Organizational size is being used as dependent variable and Industry 4.0 technologies as an 

independent variable in the empirical analysis. The variables of OEE, competitiveness have 

been empirically tested against them. The total time duration of the completion of the thesis is 

4 years and 6 months.  

The study has also shed light on the importance of digital transformation of an organization 

as it is important for an organization to implement Industry 4.0 technologies. The study has 

also emphasized the relationship of flexible products and competitiveness in the literature and 

the empirical findings have also contributed to the scientific literature in this regard. Most 

importantly, the thesis has formulated the prerequisites of Industry 4.0 technologies to be 

implemented to evaluate the readiness of a firm before Industry 4.0 technologies could be 

implemented. These prerequisites also act as the drivers of the operational competitiveness 

for a manufacturing firm. The impact of Industry 4.0 on OEE is also discussed in this study 
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and the empirical findings of the study have also contributed to understand this subject in a 

better way.  

The thesis has extensively analysed the operational competitiveness variables which also act 

as the performance indicators. There is a significant impact of Industry 4.0 technologies on 

the operational competitiveness. Several variables of competitiveness have shown a positive 

impact of Industry 4.0 technologies over them.  

The empirical findings of the dissertation will help the researchers in future and to gather 

more ideas for their research in the similar research domain. This research will not only play 

the role of a guide for the researchers in the academia but will also provide a roadmap to the 

managers and policymakers working in the organizations.  
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2. Literature 

2.1 Industry 4.0 

This chapter of the dissertation is based on the literature review of the topic in question. The 

concept of Industry 4.0 has been discussed in an extensive detail along with its beginning 

from the digital transformation and how organizations make their decisions towards it. The 

literature has also discussed the complete implementation process of the Industry 4.0 

technologies along with its prerequisites. The concept of manufacturing performance is also 

being reviewed in thoroughly in the context of OEE. The different dimensions of 

competitiveness are also being debated in the study in the relation with the Industry 4.0 

technologies.  

According to Abdirad et al. (2020), Duan & Da Xu (2021), Sigov et al. (2022), Xu (2020), 

Sony & Aithal (2020), Castelo-Branco et al. (2019), Gorkhali (2022), King et al. (2020) and 

Kumar et al. (2022) Industry 4.0 plan was announced by German government in Hannover 

fair in 2011. Initially, it was aimed to boost the competitiveness in the national manufacturing 

but it triggered a revolution in the manufacturing sector all over the world. According to 

Mariani et al. (2019) originally Industry 4.0 was defined as ―Industry 4.0 involves the 

technical integration of cyber-physical systems (CPSs) into manufacturing and logistics and 

the use of internet of things and Services in the industrial processes.‖ Abdirad et al. (2020) 

have defined Industry 4.0 as ―a comprehensive introduction of information and 

communication technology (ICT) as well as their connection to IoT, services and data, which 

enables real time production‖. King et al. (2020) argue that it is a next evolution of the 

industrial automation with increasing levels of communication and information available of 

the devices. Mateo & Redchuk (2022) have defined CPS as ―a system with integrated 

computational and physical capabilities that can be interfaced in different ways‖. Kim (2017) 

states that CPS is an integration of cyber systems with physical equipment. According to Li 

(2018) and Dalenogare et al. (2018) Industry 4.0 focuses on smart manufacturing and CPS 

that helps in the integration of digital technologies like 3D printing, Cloud Computing and 

IoT. According to Gorkhali (2022) Industry 4.0 has three stages of implementation. First 

stage is the introduction of smart technologies that take control over usage of resources and 

the whole manufacturing process. At the second level, smart technologies are being 

integrated together to form a CPS which helps to carry out the transition phase from 
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conventional manufacturing to smart manufacturing. At the third stage, CPS integrates with 

humans to create human-machine work environment. It will assist human operators to 

control, monitor and perform all the manufacturing functions. This platform will establish a 

collaborative manufacturing ecosystem that can help to design sustainable digital 

manufacturing entities. Lu (2017) argue that CPS functions as an infrastructure that provides 

a foundation for integration of physical manufacturing facilities with internet and computer 

applications to form a system that relies on networking and information processing 

technologies. Industry 4.0 advocates a new phase of industrial revolution which is technology 

and innovation driven. However, the term Industry 4.0 is described as ―fourth generation of 

industrialization‖ but the term ―revolution‖ is also being used in academic literature. Some 

other terms are also used in the academic literature but the most common term is ―smart 

manufacturing.‖ The word smart means an object with additional features and enhanced 

capabilities; when it is coupled with manufacturing then it means a connected manufacturing 

environment with the help of internet and other communication tools (Culot et al. 2020, p. 

12). 

According to Culot et al. (2020) the idea of Industry 4.0 is originally focused on the impact of 

evolving technologies in the world of manufacturing. Zhang & Chen (2020) and Mateo & 

Redchuk (2022) have termed Industry 4.0 as a significant change in the manufacturing sector 

as it enhances manufacturing system efficiency and performance. However, now the concept 

of Industry 4.0 is in relation with the transformation of consumer behaviours and society on 

the whole. The horizon of industry 4.0 is so vast and heterogeneous that it cannot be called a 

single technological breakthrough as it consists of several technologies. A combination of 

these technologies which are still evolving and function as enabling technologies is called 

Industry 4.0. Xu (2020) and Lasi et al. (2014) advocate that Industry 4.0 is comprised of 

theoretical concepts, technologies and organizational processes. It means that not only 

manufacturing system needs to be integrated but also the organizational units. 

2.1.1 Conceptual Framework for Industry 4.0   

Frank et al., (2019) have proposed a conceptual framework of Industry 4.0 which is based on 

two categories. These categories include baseline technologies and frontline technologies. 

One approach is smart factory which provides smart and intelligent production. Others 

include management, supply chain and consumer handling. The frontline technologies are 

smart manufacturing, smart working, smart supply chain and smart products. These are 
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called frontline technologies because they offer a transformation of traditional manufacturing 

into advanced manufacturing which is known as smart manufacturing in the literature. On the 

other hand, Kumar et al. (2022) argue that in Industry 4.0, machines are connected and 

integrated through sophisticated baseline technologies which include CPS, IoT, BDA and etc.  

According to Duan & Da Xu (2021) and Zhang & Chen (2020) CPS plays a critical part in 

the implementation of Industry 4.0. Choudhary & Mishra (2021) state that implementation of 

Industry 4.0 is a challenge as it not only requires money or government support but also 

requires technical education and skillset. CPS can be termed as an architecture to integrate all 

the components. If CPS is poorly designed then Industry 4.0 will not perform. CPS helps to 

integrate all the enabling technologies within the framework of Industry 4.0. These baseline 

technologies are also known as Industry 4.0 enablers and without them it is not possible to 

lay down the foundation of Industry 4.0 enabled smart manufacturing. These Industry 4.0 

enabling technologies are further categorized and discussed in detail in the next section. This 

study uses a modified conceptual framework in the light of available literature. The modified 

conceptual framework can be seen in figure 1. 

The research is focused on the aspect of smart manufacturing only as Industry 4.0 is a wide 

concept and this study has its own limitations. The motivation of choosing smart 

manufacturing is that it is related to the OEE and manufacturing competitiveness. The 

introduction of Industry 4.0 technologies in manufacturing can improve OEE, build 

competitiveness and help to achieve a closed loop manufacturing cycle. Frank et al. (2019) 

define smart manufacturing as a production system that can be adjusted automatically 

multiple times with flexible process lines to produce several products with different 

variations. It helps organizations to increase productivity, quality, flexibility, sustainability 

and mass production of customized products with better resource consumption.  
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Figure 1: Industry 4.0 Conceptual Framework  

Source: Frank et al. (2019) 

2.1.2 Categorization of frontline Industry 4.0 Enablers 

The concept of Industry 4.0 is rooted in the smart manufacturing as it has adjustable 

production lines that can adjust automatically with the production processes for multiple 

product types and conditions. It all helps to increase quality, productivity and flexibility of 

the production processes with respect to product customization and sustainability (Frank et al. 

2019). Smart manufacturing is a central pillar in the Industry 4.0 concept as it deals with the 

internal operating activities of a manufacturing unit. However, on the other hand, smart 

products are supposed to add value to products externally for the purpose of customer 

integration and data integration with the production system. These two dimensions have a 

direct impact on the manufacturing process as smart manufacturing uses technologies to 

manufacture products within the production system while smart products use technologies 

related to product offering. Smart manufacturing is the beginning and core purpose of 

Industry 4.0 while a smart product is an extension. The roots of industry 4.0 lies in the smart 

manufacturing and from that point forward, it gets connect with the other associated 

processes of a manufacturing firm. 
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Two more dimensions of Industry 4.0 front end technologies are smart supply chain and 

smart working. They are considered as different dimensions as they add different value to 

manufacturing and products. The purpose of smart working and smart supply chain is to 

provide efficiency to the complementary operational activities.  Smart supply chain uses 

technologies for horizontal integration of the manufacturing facility with the external 

suppliers for the improvement of raw material and final product delivery supply chain. The 

improvement is in respect with operational costs and delivery times. However, smart working 

uses technologies internally to support workers in their jobs; enabling them to be more 

productive and flexible to meet the smart manufacturing system requirements (Frank et al. 

2019). 

This dissertation is focused on the concept of smart manufacturing only as it is not possible to 

comprehend all the four dimensions. One other reason is that the smart manufacturing is of 

central importance in the Industry 4.0 concept and it is vital to explore it further in the context 

of manufacturing. The dissertation has chosen the dimension of smart manufacturing to 

research how technologies can help to obtain operational competitiveness within the 

manufacturing environment. The operational competitiveness can be measured through the 

equipment performance. The thesis explores the impact of Industry 4.0 enabling technologies 

on the manufacturing environment of a manufacturing facility within the manufacturing 

sector.   

2.1.3 Smart Manufacturing 

Mittal et al. (2017) state that the term smart manufacturing was originally came from United 

States which is now popular across the globe. According to Kusiak (2017) smart 

manufacturing has its roots since half past twentieth century. The concept of smart 

manufacturing has evolved a lot in last three decades from simple digitization to computer 

integrated manufacturing with the help of IoT and other technologies. Khan & Javaid (2021) 

state that IoT is an industrial technology that provides better manufacturing satisfaction. IoT 

helps to create a smart factory based on sensors, actuators and other modules. Reduction of 

industrial waste and improvement in products are one of the major concerns for the 

manufacturing process management. Smart manufacturing in a broader spectrum can be 

explained as machines that communicate with other machines as they are networked together 

and equipped with data needed for performing already programmed and scheduled tasks.  
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According to Shao et al. (2021) initial research in the field of smart manufacturing were 

mainly focused on different technologies that are being used in manufacturing such as CC, 

BDA, IoT etc. However, current research in this area are more in depth as they discuss 

planning, designs, manufacturing systems, human resources and other relevant aspects. Tasks 

like all round monitoring and performance optimization can be performed by smart 

manufacturing with the help of simulation and big data. According to Kang et al., (2016) 

smart manufacturing aims for sustainable growth through management and other 

manufacturing variables such as productivity, quality, delivery and flexibility based on 

modern technology.  

Zheng et al. (2018) and Mittal et al. (2017) state that in Smart manufacturing; Industry 4.0 

technologies collect data from the machines to improve managerial performance, 

manufacturing processes and precise decision making. In order to do that, the very first step 

is the collection of manufacturing input data. Khan & Javaid (2021) argue that IoT helps to 

capture real-time data and information by using a virtual management system. It can not only 

help to minimize the errors in the on-going production but also has the capability of 

prediction of upcoming situations. This data can be stored at cloud-based data servers so that 

it can be accessed remotely. Smart manufacturing also helps to achieve more rapid and bigger 

production capacity to facilitate growing needs. It can also help in production planning, 

product development, smart consumption of resources, self-learning and self-regulation 

within the production system.  

Now smart manufacturing has gone one step further as data is being used in product 

development. It will help to identify key features and requirements that are demanded by the 

consumer market. This data can also be used for optimization of networking and resource 

allocation for better manufacturing planning. This data can also be used for the prediction of 

probable faults and their diagnoses of the manufacturing process. It will lead to an automated 

and initiative-taking maintenance of the manufacturing processes. AR is a technology that 

can be used for predictive maintenance with less possible disruption in the manufacturing 

process. According to Khan & Javaid (2021) IoT is one of the best approach that can be used 

for predictive maintenance which can help to save costs. Shao et al. (2021) suggest that data 

mining techniques can also be used for the purpose of production operations improvement 

with respect to quality.  
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Smart manufacturing has been further divided into six different dimensions which include 

integration, virtualization, automation, traceability, flexibility and energy management. 

Integration: Integration is the first step towards digitization at any given manufacturing 

facility. Li (2018) and Łabędzka (2021) argue that the core concept of Industry 4.0 is 

integration. It helps in decision making and reduces human dependency. Xu (2020) states that 

Industry 4.0 requires horizontal, vertical and end to end integration. Technologies like ERP 

are required to develop an integrated network between all sections including supply chain and 

administration for smooth flow of information. Gorkhali (2022) say that integration of 

Industry 4.0 enabling technologies is a challenge as it requires a framework. According to 

Frank et al. (2019) a communication system is needed so that transparency and control can be 

achieved. Simulation is also used to simulate different operational and production processes 

so that error free production can be achieved. Bellini et al. (2022) posits that Industry 4.0 

enabling technologies can be used to collect real time data and connect/integrate other 

machines and factories with the help of a combination of software and hardware.  

Virtualization: Some technologies are developed to aid the workers in manufacturing. This 

brings the dimension of virtualization. Technologies like augmented reality and virtual reality 

can help workers in manufacturing, maintenance, training and guidance. According to Chen 

(2020) a virtual platform-based software can be used to test and debug application models. 

These technologies eliminate the need of a physical prototype and provide a virtual 

prototype; in product development process these virtual prototypes can help to detect flaws 

and issues.  

Automation: Automation is one of the integral parts of smart manufacturing. It has been 

observed that robots can perform tasks with better accuracy than human workers and they do 

not suffer fatigue. They can be also used to support and assist human workers to complete 

different manufacturing tasks. So, the technology of collaborative robots (COBOTs) is being 

used not only in smart manufacturing but also in the dimension of smart working. Frank et al. 

(2019) keep robots and COBOTs separately as it is being argued that robot is a technology 

that helps to fully automate the manufacturing process but COBOT is a technology that only 

supports a human worker in the manufacturing process. 

Traceability: In smart manufacturing, traceability is necessary to locate different finished 

and semi-finished parts at a certain point in a manufacturing process. Traceability can be 
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internal and external; internal traceability helps in the adaptation of flexible process lines for 

modular or flexible manufacturing. This helps to produce different products with reduced 

setup time and production loss. External traceability refers to the raw materials. It is related to 

cross-functional integration within an organization. The ERP and other similar radical 

technologies are vital for the purpose of transportation of raw materials, warehousing, order 

management, replenishment and distribution. It is only possible through cross-functional 

access to information and resources.  

Flexibility: Flexibility is one of the major dimensions of smart manufacturing. Additive 

manufacturing (AM) is a type of a technology which can be used to manufacture different 

products by using raw materials and resources. According to Frank et al. (2019) AM is a way 

of sustainable manufacturing, however, mass production is not feasible yet due to longer and 

slow production process. Weller et al. (2015) aver that AM is a multipurpose technology that 

has the capability of transforming a digital model into a tangible product. AM provides 

customization and flexibility as a complimentary feature as this technology does not require 

additional tools or modifications before the start of production process. The level of 

flexibility is high as there is no extra cost if production volume is changed during the 

production process. AM also provides complexity without any additional costs as it is easy to 

produce multiple variants of products. 

Energy Management: Energy management is one of the last dimensions pointed out in the 

present literature. It involves energy monitoring and energy efficiency. One of the aims of 

smart manufacturing is to monitor energy consumption so that it can be reduced to the 

optimal level and to increase energy efficiency in order to use resources effectively. 

Medojevic et al. (2018) argue that new technologies can be used to manage the consumption 

of energy specifically in the factories. It will help to reduce the maintenance cost of energy 

and increase the efficacy and reliability. For this purpose, energy consumption data can be 

collected through smart devices to monitor the consumption. Smart grids can be installed to 

reduce the energy consumption during the off days of production by devising an energy 

consumption schedule. It can be developed via cross-functional integration through ERP, 

BDA and IoT. 
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2.1.4 Categorization of baseline Industry 4.0 Enablers 

An assessment has been done by Culot et al. (2020) and Karnik et al. (2022) to define these 

technologies in detail. A four-quadrant matrix has been developed based on the usage of the 

Industry 4.0 enabling technologies which can be seen in figure 2.  

1. Physical-Digital Interface Technologies: A high amount of hardware components and 

high network connectivity is being used to connect cyberspace with machines, people and 

products at a given workplace. It involves a cyber-physical system based on technologies like 

internet of things, augmented reality and virtual reality.  

2. Network Technologies: High amount of software are being used for network connectivity in 

order to perform organizational functions online. Network technologies include cloud 

computing, interoperability, cyber-security and block chain.  

3. Data Processing Technologies: High amount of software but low connectivity is required 

in order to analyse data which can help organizations to make decisions based on 

information-oriented input. Technologies that involve modelling and simulation are best 

suited here. It includes digital twin, machine learning, artificial intelligence and big data. 

Normally data processing technologies perform their functions locally but now they are 

performing their function through cloud computing platforms. 

 4. Physical-Digital Process Technologies: High amount of hardware components and low 

network connectivity is being used for manufacturing purposes. The technologies include 3D 

printing and robotics. Culot et al. (2020) have avowed that there are some other technologies 

that are being mentioned seldom in the literature. It includes energy management solutions; 

however, it has been used more often recently along with digital technologies.  
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Figure 2 Baseline Enabling Technologies Matrix 

 Source: Ejaz, (2022) 

In manufacturing, Industry 4.0‘s success lies in the secret of industrial integration and 

interoperability of technologies. According to Xu (2020) industrial integration is a blend 

between industrial process and technology. Industries are getting more interconnected in the 

process of industrial integration. One the other hand, interoperability is an ability of 

organizations and humans to connect through IoT and CPS. Kumar et al. (2021) argue that 

industries are implementing Industry 4.0 which is based on the concept of interlinked 

network of real objects and information known as CPS. Castelo-Branco et al. (2019) state that 

interoperability can be seen from the perspective of CPS or from a broader perspective of 

production network vis-à-vis horizontal or vertical integration. According to Sony & Naik 

(2019) lack of interoperability can cause failure in the implementation of Industry 4.0 

technologies. Abdirad et al. (2020) assert that Industry 4.0 focuses on mobility and 

integration in real time. These technologies are networked with each other both vertically and 

horizontally. According to Bai et al. (2020) Industry 4.0 technologies integrates 

manufacturing operations with communication, information and intelligent technologies. 

Buchi et al. (2020) has sorted out ten main technologies from present literature that they 

claim to be ten pillars of industry 4.0. From these ten pillars, first nine pillars are technologies 
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that are currently available and explored in the present literature also but the tenth pillar 

describes new and emerging technologies that also help to reduce industrial waste and 

optimize performance. Yuksel (2020) has also mentioned the same nine technologies as 

Buchi et al. (2020) as fundamental technologies. However, this study has renamed one of the 

technologies from vertical and horizontal integration to ERP. The reason behind this is that 

organizations use technologies like ERP and other similar technologies for the purpose of 

vertical and horizontal integration. These technologies are normally examined separately in 

the literature but in fact these technologies are interconnected with each other. A technology 

itself cannot offer a ready-made solution to the organizational and manufacturing problems. 

Some non-technological enablers are required within an organization in order to support and 

then subsequently implement Industry 4.0 technologies in an organization. These non-

technological enablers of Industry 4.0 include new business/manufacturing models and 

organizational models. Any major economic or manufacturing gains are not likely possible 

unless business processes and work processes conjoined with technology being implemented 

in any given organization.  

Since Industry 4.0 is a combination of technologies, these technologies possess different 

characteristics that make them distinctive and unique. These distinctive features are based on 

the designs and functionalities of these technologies. Culot et al. (2020) claim that these 

features stand out as fundamental features after the review of the literature. It includes 

Process Integration, Transparent Real-Time Information, Autonomy and Virtually 

Represented Real World. Process Integration suggests the combination of data of products 

and manufacturing processes within and across organizational boundaries in order to develop 

solutions to operational problems. High network connectivity always ensure data gathering 

from machines and other sources which can help to create a setup like physical-digital 

interface technologies. This setup will help to perform functions like transparent real-time 

information and virtually represented real world by creating a cyber-physical space. In a 

manufacturing process, autonomy means that workers are independent to make decisions on 

their own and devise solutions to the problems arise in the manufacturing system. It also 

involves changes in control mechanisms of a manufacturing stem and changes in the 

organizational structure. Artificial intelligence is mainly used for manufacturing specific and 

organizational specific decision-making process.  
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Table 1 Industry 4.0 Enabling Technologies 

Source: Ejaz, (2022) 

Sr. No. Name of Technology Description 

1 Collaborative Robotics 

(COBOTs) 

A collaborative robot or cobot is a kind of a robot that is intended to work and interact alongside humans at a workplace. According to 

Schmidbauer et al. (2020) they are being created to fill in the gap between manual production and fully automated production line. 

Cobots are considered as a key technological enabler towards the goal of smart manufacturing.  

2 Augmented Reality 

(AR) 

Augmented reality is a technology that overlays digital data and images on the physical world. According to Porter et al. (2017) AR 

devices are being used factory workers for manufacturing purposes. The key features of AR are visualization and human interaction. In 

manufacturing AR can help organizations to reduce errors to minimize downtime and to improve production efficiency. 

3 Internet of Things (IoT) Duan & Da Xu (2021) state that IoT is a data collection technology embedded with sensors, actuators and software to collect and 

network data to various devices and components. Internet of things is a system of interconnected computer devices that can be used in 

our everyday life and for manufacturing purposes as well. According to Xu et al. (2020) due to its increasing importance worldwide, it 

is now known as Industrial IoT. The concept of a smart factory depends on it as it connects computing devices and sensors together for 

transmission of data. It improves production in terms of less industrial waste and product quality. Khan & Javaid (2021) argue that IoT 

provides smart monitoring of the complete manufacturing system. It can be implemented easily in robotics, production machinery, 

logistics management, security etc.  

4 Big Data Analytics 

(BDA) 

Big Data Analytics is a technology that is used to analyse structured, semi-structured and un-structured big data. The sizes of these 

datasets can vary from terabytes to even zettabytes. According to Bag et al. (2021) Big data has proven its importance in different fields 

of operations such as forecasting, inventory management, sales, supply chain management and risk analysis. According to Majeed et al. 

(2021) Big Data has a substantial impact on smart manufacturing which can help to achieve sustainable, productive and profitable 

manufacturing. Javaid et al. (2021) claim that Big data is significant to Industry 4.0 as it is used to collect data from within the system. 

Duan & Da Xu (2021) state that big data is an umbrella term for any technology to manage their data better and it covers all aspects 

including data capture, storage, networking, computing and analytics.  

5 Cloud Computing (CC) Cloud Computing is a service of delivering different resources. These resources include different tools and applications such as 

databases, data servers, data storage, networking and other software applications. According to Duan & Da Xu (2021) CC is related to 

data storage and computing. Ooi et al. (2018) states that cloud computing can help to change traditional manufacturing models 

completely through innovation. It is argued that CC can lead to the advent of Cloud Manufacturing (CM) due to its increasing 

importance and benefits.  

6 Cyber Security (CS) Cyber security is a system for securing computing devices which includes computers, mobile devices, servers and network systems 

from malicious attacks and viruses. According to Zarreh et al. (2019) one of the major challenge faced by cyber security in 

manufacturing is to define a security policy to prevent losses in production and subsequently recovery of the losses. Wells et al. (2014) 

posit that there is a need to overcome weaknesses present in manufacturing systems to avoid cyber-attacks. One of the major concerns 

of manufacturing system is the theft of intellectual property which should be secured through encrypted software.  

7 Additive 

Manufacturing (AM) 

According to Bai et al. (2020) it is manufacturing technology that created 3D solid objects by using a series of additive development 

framework. It is a computer managed machine that produces three dimensional products upon depositing raw material in it. According 

to D‘Aveni (2018) it is incredibly competitive tool which can be used to acquire market leadership as it can be used in any industry. In 
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manufacturing AM can be used for several business models like mass customization, mass variety, mass segmentation, mass 

modularization, mass complexity and mass standardization.  

8 Simulation Simulation is a technique that offers a multiple Industry 4.0 related scenarios in order to plan develop and explore different models and 

solve manufacturing related problems. According to Ferreira et al. (2020) it is an Industry 4.0 enabling technology used to manage 

multifaceted systems. It is widely used in industrial engineering, operations and supply chain management. In manufacturing systems, 

simulation provides a set of technologies for the purpose of experimentation and validation of different products, systems, processes 

and helps in prediction of system performance. It also helps in decision making, training and supports to reduce costs and production 

cycles. 

9 Enterprise Resource 

Planning (ERP) 

ERP is a process that is used by organizations to manage and connect different part of the business together. According to Rojko (2017) 

ERP is necessary for flawless networked connectivity between manufacturing and managerial processes. It is an important IT support 

tool which is being used in business processes integrated with production processes. It includes supply chain, sales, distribution, 

accounting, human resource, production planning, reporting, tracking, performance analysis, maintenance, resource allocation and 

other similar tasks. 

10 Other Enabling 

Technologies 

It includes other technologies which are not being discussed more often in the literature but are being used to reduce carbon emission to 

achieve the goal of lean and green manufacturing. According to Duan & Da Xu (2021) some emerging enabling technologies are 5G 

Network, Block chain, Deep Learning and Quantum Computing. According to Gorkhali & Chowdhury (2022) Block chain is simply a 

network of data nodes that are connected through links and operated autonomously. However, Sigov et al. (2022) argue that 6G 

Network, Artificial Intelligence (AI) and Quantum Computing are emerging technologies.  
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There are some features of Industry 4.0 technologies which are not to be found frequently in 

the literature. These include predictability, modularity and re-configurability. Predictability 

refers to the technologies that are being used for supply and demand forecasting and 

predictive maintenance. The technologies used for this purpose include big data and digital 

twin. Features like modularity and re-configurability are referred to multiple and changeable 

configuration of organizational processes including manufacturing processes. It also includes 

reconfigurable products for dynamic consumer preferences. The technologies required here 

include programmable machines like robotics. 

When Industry 4.0 technologies are being implemented in an organization, it is expected that 

the performance of the organization will improve in terms of productivity and flexibility. 

Gorkhali (2022) say that Industry 4.0 offers flexible monitoring and control of the 

manufacturing process which requires high level of automation integrated with IoT to provide 

highest performance with transparency and compatibility. It will help organizations to 

achieve the ultimate goal of mass customization. These expectations are present where 

demand is increasing and volatile and cost of labour is decreasing. Other performance 

objectives include environmental sustainability in terms of energy saving through reduced 

emissions. Two other performance objectives which include equality and lead time did not 

receive a lot of attention in the literature according to Culot et al. (2020). However, there are 

some technologies that can help to achieve this performance objective such as visualization 

technologies, real time production planning and control technologies.  

Some Industry 4.0 enabling technologies have been discussed in the literature in less detail 

because they were introduced recently such as Block chain. Zhang & Chen (2020) states that 

Block chain is one of the emerging technologies in the last couple of years. It is a 

fundamental technology for decentralization, openness, integrity, security, independence, 

anonymity and authenticity for diversified technologies. Gorkhali (2022) argue that 

integration of IoT, BDA with Block chain can provide high level of automation, industrial 

integration and industrial information integration. Similarly, some technologies have less 

interdependency level with internet of things such as 3D printing and robotics but they have 

strong connection with modularization and re-configuration. Hence, there are some 

ambiguities present in the literature in terms of definitions of Industry 4.0 enabling 

technologies. There are some challenges in the shape of multi-dimensional concepts like 

Lean Manufacturing and Toyota Production System that somehow overlaps the concept of 
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Industry 4.0. However, the concept of Industry 4.0 is multi-dimensional in its nature and 

provides opportunities to explore new horizons in the field of manufacturing. 

2.1.5 Degree of Readiness of Industry 4.0 Technologies 

According to Lucato et al. (2019) it is possible to provide a readiness model in the scientific 

literature. Readiness is a willingness or state of preparedness to do something. This study 

presents a conceptual approach to measure the degree of readiness Industry 4.0 technologies 

in a manufacturing organization. It can be theorized that an organization fulfils all the 

prerequisites required for the implementation of Industry 4.0 technologies. According to 

Genest et al. (2020) attaining readiness is the first and most important task in order to 

implement Industry 4.0 technologies. Degree of readiness is defined as a state of full 

preparedness for a task. So, in the context of Industry 4.0 technologies, attaining readiness 

means fulfilling all the perquisites necessary for the implementation of Industry 4.0 

technologies. Sony & Aithal (2020) and Hizam-Hanafiah et al. (2020) claim that 

implementation of Industry 4.0 should be taken as a management tool so that it can be 

reconfigured and realigned according to the capabilities and readiness of the organization. In 

other words, Industry 4.0 is an interplay of enabling technologies. These prerequisites have 

primary importance as the success of Industry 4.0 technologies depends on it. Genest et al. 

(2020) argue that failure in fulfilling perquisites can result in the failure in the 

implementation of Industry 4.0 technologies.  

Literature has revealed that there are two schools of thoughts when it comes to prerequisites. 

One is the technology-oriented prerequisites and second is the business practices-oriented 

prerequisites. Technology oriented prerequisites are required before the implementation of 

enabling technologies of Industry 4.0. As this paper has already established based on present 

literature that there are in total ten main technology enablers and from them nine are core 

technology enablers. Prerequisites for some already mentioned technology enablers are 

elaborated by Genest et al., (2020); however, the study has developed remaining 

prerequisites. All these perquisites are given in table no. 2. There are in total forty-five 

prerequisites that have been laid out for Industry 4.0 technology enablers which will help to 

evaluate the degree of readiness of Industry 4.0.   

Genest et al. (2020) and Raunch et al. (2019) have formulated prerequisites from business 

practices perspective that are necessary before the implementation of Industry 4.0 
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technologies. Initially, these prerequisites were determined for small and medium 

manufacturing organizations. However, there is no evidence in the literature that suggests that 

these prerequisites cannot be used for large manufacturing companies. So, it is assumed that 

these prerequisites can also been used for large scale manufacturing companies. These 

prerequisites are mass customization and agility in manufacturing, real-time data integration, 

implementation of advanced manufacturing, easy usability and economic affordability and 

organizational culture. According to Genest et al. (2020) there are some studies that suggest 

lean manufacturing principles as prerequisites to the implementation of smart manufacturing. 

It is being observed in the literature that organizations having implemented lean 

manufacturing already are more likely to adopt industry 4.0 technologies. Hence, it can be 

concluded that positive business practices do affect organizations in order to implement smart 

manufacturing technologies. 
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Table 2 List of Prerequisites of Industry 4.0 Technology Enablers 

Source: Ejaz, (2022) 

Collaborative Robotics (COBOTs) Additive Manufacturing (AM) 

 Professionally & psychologically trained workforce 

 Awareness of limitations 

 Financial capacity 

 Knowledge of manufacturing SOPs 

 Manufacturing process & assembly line mapping 

 Evaluation of produced products features. 

 Technical capabilities 

 Adequate manufacturing time 

 Security against cyber attacks 

 Skilled workforce 

 Required data scanned in 3D format 

Augmented Reality (AR) Simulation 

 Planning & organizing of data to be shared. 

 Scanning/uploading of required data.  

 Suitable software of AR hardware 

 Thorough mapping of operational processes 

 Suitable operator‘s work environment 

 Study of operator‘s job functions 

 Installed certified hardware.  

 Interactive software for production ordering & scheduling 

capacity 

 High speed internet connection 

 Financial capacity 

Trained workforce 

 

Internet of Things (IoT) Enterprise Resource Planning (ERP) 

 Experience with RFIDs 

 Usage of electronic product code 

 High speed internet & networking 

 Machine to machine communications 

 Security system for cyber attacks 

 System should be able to perform tasks on the fly 

 Skilled workforce 

 Availability of real time data & monitoring 

 Architecture development 

 Certified cloud servers for vertical & horizontal communication 

 Adequate budget 

Big Data Analytics (BDA) 

 Data already organized & maintained in digital systems. 

 Networking system for handling large traffic of data. 

 Skilled workforce to collect & organize data. 

 Data protection system 

 Applications of BDA at strategic level 

 System should solve problems with available data by itself  

Cloud Computing (CC) 

 Firewall for data security 

 Qualified workforce 

 Culture of data privacy at external servers 

 Integration of systems for interoperability 

 Financial resources 

 High speed internet networking 

Cyber Security (CS) 

 Adequate hardware & software tools 

 Skilled workforce 

 Data encryption system 

 Data backup & data recovery setup 

 Physical & network security 
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2.1.6 Digital Transformation 

The notion of digital transformation came from the concept of digitalization. Annarelli et al. 

(2021, p.01) define digitalization as ―use of digital technologies to create a business model, 

revenue streams and value producing opportunities‖. Savić (2019) states that digitization and 

digitalization are used interchangeably as they are similar terms and term digital 

transformation is also being confused up to some extent. According to Saarikko et al. (2020) 

one must be able to differentiate between digitization, digitalization and digital 

transformation because they are not the same in terms of scale and scope. Digitization is 

purely a technical process where old technology is being replaced by new technology. For 

example, in music industry old record discs are replaced by CDs/DVDs and record player is 

being replaced by MP3 player. Now technology has shifted to online music streaming. On the 

other hand, digitalization is a socio-technical process where digital products are being 

inducted in the organizations as new commercial offerings, new operational procedures and 

new business models. It is a system of technologies that justifies its existence by benefiting 

society through technology. Taking the same example from music industry, products like 

iTunes and Spotify have totally redefined the way people listen to the music.  

The concept of Industry 4.0 is based on the proposition that digitalization will set off a 

technological breakthrough that will lead to the fourth industrial revolution (Haipeter, 2020).  

According to Cohen et al., (2019) Industry 4.0 offers solutions to the manufacturing industry 

regarding their mounting digitalization necessities. The ultimate goal of Industry 4.0 

implementation in the manufacturing sector is digitalization and servitization. Digitalization 

from technological perspective means data availability, accessibility, interoperability, 

connectivity, communication, computation and storage (Liu et al., 2021). Digitalization goes 

hand in hand with Industry 4.0 as Industry 4.0 provides a holistic purview while digitalization 

through Industry 4.0 enabled technologies is the radical technological change in the 

manufacturing sector. It can be formulated that Industry 4. Technologies act an enabler for 

digitalization in the manufacturing sector.   

According to Savić (2019) digital transformation means doing things differently and 

developing a new business model with the help of modern technologies. Digital 

transformation is more like a socio-cultural process where organizations adopt digital 

technologies because change is inevitable especially after restructuring the business models. 

Matarazzo et al. (2021, p.643) have defined digital transformation as ―a process that 
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restructures economies, institutions and society at the system level‖. Saarikko et al. (2020, 

p.829) have defined digital transformation as ―a process that aims to improve an entity by 

triggering significant changes to its properties through combination of information, 

computing, communication and connectivity technologies‖. 

In fig 3, it can be observed that digital transformation is laid out in three different phases. 

Verhoef et al. (2021) not only explain phases of digital transformation in the light of literature 

but their study also shed light to the drivers and prerequisites of digital transformation that 

are imperative for an organization in order to implement digital transformation. Drivers that 

trigger digital transformation include digital technologies, competition and low OEE. On the 

other hand, prerequisites are digital resources, organizational structure, growth strategy and 

performance indicators. Li & Yang (2021) also insist that digital transformation requires 

comprehensive reforms in the organizational structure and work processes in an organization 

especially where digital transformation and business model is closely connected. 

 

Figure 3: Phases of Digital Transformation  

Sources: (Saarikko et al. 2020) & (Savić 2019) 

In this regard, Pisano (2015) has formulated an Innovation Landscape Map which focuses on 

the decision that how much should be invested in digital technologies and how much should 

be invested on business models. Fours possible outcomes are laid out in this matrix which is 

as follows. 1- Routine Innovation where an organization builds its competencies based on 

existing technological competencies and on existing business model, such as updated 

versions of Apple iPhones and Microsoft Windows. 2- Disruptive Innovation where a new 

business model is required but not necessarily as a result of a digital technological 

breakthrough, such as Google‘s Android potentially disrupts companies like Apple and 

Microsoft. 3- Radical Innovation which is quite opposite to disruptive innovation, such as for 

Digital Transformation 

Creation of a 
new digital 
organization or 
digital 
transformation 

Digitalization 

Creation of 
complete 
digital work 
processes. 

Digitization 

Conversion of paper documents, photos, films, tapes into 
digital format. 
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many years‘ pharmaceutical companies were using chemicals to develop drugs but after the 

emergence of genetic engineering and biotechnology; business model has been shifted and 

now drugs are being manufactured in a completely different way. 4- Architectural Innovation 

where digital technologies and a business model are disrupted together, such as if Kodak 

digitally transforms itself, means new competencies have to be learned and mastered. Upon 

asked ―which one is the best?‖ Pisano, (2015) explained that there is a no magic formula and 

it is totally company specific. Every organization has to analyse their own potential and other 

variable factors before making the decision. This study believes that Architectural Innovation 

can be best suited for manufacturing organizations for digital transformation purposes. No 

doubt it is a challenging option but it also gives an organization enough space to explore and 

customize what is best suited for them. In the long run, this will help to make more profits 

with higher operational performance because foundations of the digital transformation would 

be tailored and best fit for any given organization.  

Digital transformation is a broad concept and it has its own implications upon 

implementation. Specifically change in the traditional business model is inevitable when 

digital technologies are being introduced. Organizations may face challenges and berries 

upon the implementation of digital technologies and digital business models. It is better if 

organizations start digital transformation gradually and in phases. With the passage of time, 

eventually organizations will adopt digital transformation as a whole and will adopt a digital 

business model as well in the process. The process of digital transformation in phases also 

helps organizations to complete requisites that are imperative for digital transformation. 

Moreover, Kopp et al., (2019) also argue that Industry 4.0 is a concept that summarizes 

modern trends like automation, digitalization and data exchange in the manufacturing sector. 

Industry 4.0 is also considered to be connected with the Work 4.0 as an enabler for digital 

transformation for people centred new work designs.  There is no doubt that digital 

transformation disrupts the present structure and work ethics. Industry 4.0 is an Architectural 

Innovation in an organization that brings digital transformation based on Industry 4.0 

enabling technologies. This is one reason why it is called fourth industrial revolution.  

Acs et al. (2021) advocate about the evolution of a digital entrepreneurial ecosystem based on 

a digital platform which comprises of users, agents, infrastructure and institutions and this 

digital platform is an outcome of digital transformation. However, Genzorova et al., (2019) 

argue that digital transformation is not just connected to platforms and other factors. It is 
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mainly connected with the change of behaviours and organizational structures. According to 

a survey conducted by American global manufacturing services company; 74% companies 

consider cultural and organizational structure changes as a major challenge while remaining 

26% companies consider technological changes as a major challenge for them. According to 

Chinoracky et al. (2021) digital transformation is not just implementation of digital 

technologies; it is an organizational culture and business model shift. Changes in the 

organizational culture mainly include adoption of new technologies with ease and 

convenience so that work processes may become easier and efficient.  

2.1.7 Role of CDOs in Digital Transformation  

Bilgeri et al. (2017) propose the induction of Chief Digital Officer (CDO) in the large scale 

organizations to deal with all the structural changes within the organization caused by digital 

transformation. In one example, when stock price of Starbucks took a nosedive during the 

financial crises of 2009, the company hired a CDO to transform their organization digitally. 

In later years, free Wi-Fi and free digital content was introduced at Starbucks stores. Mobile 

phone payment system, operations and customer interaction through social media was 

introduced in the company. The new payment system helped to execute millions of 

transactions every week and innovated new business model helped to boost the performance. 

Singh et al. (2020) state that organizations appoint CDOs to initiate digital transformation 

within the organization and manage over all structural changes across the organization. The 

first ever CDO was hired by MTV networks in 2005 and since then demand of CDOs has 

been increasing among C-level executives. Initially, the need for CDO in retail and 

manufacturing sector was not seen that vital. However, in the recent years companies like 

L‘Oreal, Nike and Novartis have appointed their respective CDOs to follow this trend (Firk et 

al., 2021).  

On the other hand, Venkatakrishnaiah & Ramanathan, (2019) elaborate ―how‖ a CDO 

implements digital transformation. A CDO needs to develop a service oriented architecture as 

a foundation to start the journey of digital transformation in an organization. It will connect 

all the channels of the organization through networking, data analytics and machine learning. 

It will help an organization to develop an endless operational support among customers, 

suppliers and employees. It will help CDOs to strategize accordingly based on the real time 



33 
 

data and analytics collected through technological tools. This is the point when CDO lays the 

foundation of digital platform which is going to play a vital role in the digital transformation.  

 

 

In fig.4 a service oriented architecture has been laid out which will act as a guiding principle 

for a CDO to implement digital organization in an organization by taking all the relevant 

stakeholders on board. The concept of Industry 4.0 is a multidisciplinary phenomenon and 

the relevant scientific literature is available in several disciplines like engineering, computer 

science etc. This study focuses on scientific literature in the context of management sciences 

so that literature review should be relevant at possible. It is imperative to explore existing 

scientific literature so that future research should be able to contribute and add value to the 

existing literature. 

2.2 Overall Equipment Effectiveness (OEE) 

Manufacturing companies are required to enhance productivity within their manufacturing 

facilities. The goal of competitiveness can be achieved via continuous and innovative growth, 

high quality products and short lead times. In a manufacturing environment, competitiveness 

can be affected due to unskilled operators, stoppages and defects in quality of products.  So in 

order to remain competitive organizations should keep performance indicators like speed, 

cost, flexibility and quality in terms of manufacturing performance. OEE can be used to track 

System of Intelligence 

Customers 
Engagement  

Emplyees 
Empowerment 

Operations 
Optimization 

Products 
Transformation 

Figure 4: System of Intelligence as an enabler of Digital Transformation  

Source: (Venkatakrishnaiah & Ramanathan, 2019) 
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the machine performance in any production facility as it is easy to calculate. The concept of 

overall equipment efficiency was originated in 1971 however; OEE was initially used by 

Seiichi Nakajima in the 1980s as a quantitative metric for measuring productivity for 

individual equipment in the manufacturing environment (Bhade & Hegde, 2020). OEE is 

known for maintenance and a as a tool for the measurement of machine effectiveness. 

According to Lanke et al., (2016) machine with a lower OEE means that there is a bottleneck 

and it also lowers the reliability of the machine. The equipment reliability is one of the key 

factors in the production loss and consequently loss of competitiveness. So it is crucial to 

make sure equipment is reliable as it will lead to the manufacturing competitiveness.   

OEE is defined as ―available valuable time for operation over loading time‖ (Yazdi et al., 

2018). Operation time can be interpreted as the time used for the production of satisfactory 

products while loading time is refer to the time needed for an equipment to run through a 

given period of time. OEE is a tool that can help manufacturing companies to measure their 

productivity losses and help them to apply resources to improve the productivity. OEE 

consists of three factors called availability, performance and quality. Lakho et al., (2020) also 

argue that OEE is a method to gauge performance and efficiency of the machinery by using 

the factors of availability, performance and quality. According to Yazdi et al., (2018) OEE is 

a standard that has to be used to evaluate machine performance on the bases of required data. 

In this regard, Industry 4.0 enabling technologies can be utilized to obtain real time data from 

the equipment so that overall effectiveness of the machines can be calculated. The data will 

help to evaluate the performance and OEE score of the manufacturing firm in question.  

In the Industry 4.0 context, digitalization of the production process and data collection is of 

prime importance. It is vital to measure the equipment productivity within the manufacturing 

system. OEE was introduced by Nakajima as a metric to measure equipment productivity in a 

manufacturing system (Ng Corrales et al., 2020). OEE provides a productivity ratio between 

the factual manufacturing and what could be manufactured ideally. OEE measures six losses 

in a manufacturing system based on the aspects of availability, quality and performance. Ng 

Corrales et al., (2020) have defined i. Availability as ―is the machine running or not?‖ ii. 

Performance as ―how fast is the machine running?‖ iii. Quality as ―how fast products 

satisfied the requirements?‖ Availability measures downtime loses like breakdowns, set up 

times and adjustment times. Performance measures speed losses due to stoppages and 

reduced speed.  Quality measures defect losses due to process defects or reduced yield. OEE 
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applications have been modified over time based on the different industrial needs. It proves 

insufficiency of OEE as a standard indicator to measure equipment performance in a 

manufacturing system. So, the OEE applications have to be modified to fit according to 

industrial needs. In this context, Industry 4.0 enabling technologies can be used to facilitate 

the OEE applications to reduce the uncertainty in the results.     

Industry 4.0 can help manufacturing companies to boost competitiveness and efficiency by 

interconnection of resources through the enabling technologies (Miragliotta et al., 2018). 

These resources are data, people and machinery. Data is going to play a crucial role and has 

the potential of becoming a new paradigm in the OEE process and obtaining competitiveness 

for a firm in a manufacturing environment. Internet of Things (IoT) is one prominent 

technology that helps to obtain the required data. This data helps manufacturing companies to 

evaluate their OEE score. According to Lakho et al., (2020) one study shows that OEE 

improvement is 13% in the small and medium size firms in the manufacturing sector. There 

were some limitations to the study as not all lean manufacturing techniques were used in the 

evaluation of OEE score. 

Sandengen et al., (2016) regard Industry 4.0 as an essential driver to implement predictive 

maintenance to uplift the asset utilization up to 50% by reducing machine downtime. It will 

help to improve machine life span up to 40%. Sandengen et al., (2016) state that Predictive 

maintenance is a performance indicator and it is widely associated with the OEE. In this 

regard, OEE can be implemented as a tool for predictive maintenance using Industry 4.0 to 

facilitate the process resulting into decrease in downtime up to 50%. It can certainly help 

manufacturing organizations to improve their OEE score as predictive maintenance will have 

a certain impact on the availability aspect of OEE. The OEE calculation helps to define 

improvement actions to be implemented in the production processes and helps to eliminate 

the existing problems (Aleš et al., 2019). When OEE is being applied with the purpose of 

predictive maintenance, it can help resolve existing problems resulting into the improvement 

of the production processes.  

According to Aleš et al., (2019) a successful analysis of OEE is inadequate as no equipment 

in a factory is isolated but work in a complex operates in an interconnected and complex 

environment. However, OEE is a useful tool to highlight areas of improvement in the 

production processes; however, it requires involvement from labour to top management to 

reap the fruitful benefits. One important thing is the interpretation of the OEE data. It is 
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important to detect the critical areas in the production lines that require improvement. Failure 

in the interpretation results into the decrease in reliability of the machines and OEE score. 

The use of Industry 4.0 enabling technologies can ensure the operational reliability of the 

machines if machines are being decentralized in the manufacturing process Aleš et al., 

(2019). Each machine works as an individual machine in the manufacturing setting. It helps 

to gain an in depth knowledge of machine efficiencies.  

The implementation of IoT makes these individual machines autonomous by collecting large 

amount of data to be processed further for various purposes. The data can be utilized in the 

areas of supply chain, energy consumption and for production/maintenance efficiencies. 

Industry 4.0 is one of the key maintenance and performance indicators in the context of OEE. 

It helps to collect data in real time and evaluates its effectiveness for the production set up. 

Sandengen et al., (2016) also argue that IoT do not have a focus on the production, however, 

its utilization helps to communicate with the machinery. In this way, the data obtained will 

help in the decision making and the goal of digital predictive maintenance and increasing 

OEE score can be achieved. 

The road to digitalization and Industry 4.0 technologies is the way to implement predictive 

maintenance into a manufacturing system. The goal of predictive maintenance can be 

achieved by maintaining a high OEE score (Jantunen et al., 2017). Industry 4.0 enabling 

technologies like IoT, Big Data and Cloud Computing can help to achieve this goal.  

According to Agung & Siahaan, (2020) OEE helps to inflate industrial competitiveness by 

reduction in the failures in the production lines and consequently, reducing operational and 

maintenance costs.  The improvement in the OEE score helps manufacturing facilities or 

machines to enhance their efficiency hence ensuring their competitiveness in the global 

market (Moussa & Hartman, 2023). The achievement of OEE score of 85% seems 

challenging but it is not impossible. Manufacturing firms can employ Industry 4.0 

technologies to strive for the optimal OEE score. 

It is a challenge for manufacturing companies to remain competitive in the global 

environment and OEE can help in the potential improvements (Ahmad, 2018; Iannone & 

Elena, 2013 and Gibbons & Burgess, 2010). In the terms of OEE, manufacturing firms can 

realize competitive advantage through the elimination of waste and by exploiting core 

competencies and capabilities. According to Gibbons & Burgess, (2010), A sustainable 

competitive advantage can be harnessed through the better resource utilization and 
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optimizing OEE. The competitiveness of manufacturing firms is based on the availability and 

the availability of their production facilities (Molina-Barrientos et al., 2021). When a 

manufacturing facility is unable to continue the production, the elimination of bottlenecks 

and downtimes due to stoppages are done by the companies. The metric used to enhance 

performance is OEE as it is been declared as a primary method to measure equipment 

performance (Molina-Barrientos et al., 2021).  

While OEE being a popular method for the measurement of equipment performance and yet 

it has some limitations also which makes it hard to record accurate results. The integration of 

equipment in the manufacturing facility is necessary to overcome this OEE weakness.  

Although OEE is one popular metric to measure the equipment efficiency in the 

manufacturing environment but OEE also has some limitations. OEE mainly considers 

equipment efficiency but does not consider other factors that can affect the equipment 

efficiency such as material flow, worker output or process improvements (Moussa & 

Hartman, 2023). There are other external factors that OEE fails to comprehend in the 

complex environment of the manufacturing facility. These include demand variability, supply 

chain disruptions or market fluctuations as they can impact on the machine efficiency and 

OEE may not be able to provide accurate reading on these external factors.  

Ahmed, (2013) argues that there are several factors that can affect OEE matric in the 

production process. These factors might not be considered in OEE calculations as well as 

they are neglected at times. In availability, the downtime is responsible for production loss 

and there can be several reasons for unplanned downtimes. For example when machine stops 

due to unavailability of parts as it means no inventory, it is a supply chain problem. In one 

another example, of one machine supplies parts for the other and it shuts down, it will halt the 

whole production line. So safety stock should be added to avoid these kinds of issues.  

Similarly, changeover is another example of unplanned downtime due to lack of tools that 

help to reduce or eliminate setup and changeover times. In the performance metric, issues are 

hidden and overlap with availability matric as well. Slow speed of machines result into low 

output causing speed loss.  Speed loss is often caused by poor maintenance however; factors 

which are often neglected by the manufacturers are machine operator skills, training and 

ability to follow instructions (Ahmed, 2013). In the quality matric, it is easy to detect 

defective products when they are being produced but what is not that easy is the identification 

of the source causing quality variations.    
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2.3 Competitiveness & Industry 4.0 

Competitiveness is defined as ―competitiveness refers to the capacity to engage in the 

competition whether capacity is fully realized or not‖ (Sum & Jessop 2012, p. 27). Normally 

competition occurs in stratified environment rather than at a level playing field. It is so 

because different markets set different parameters of competition. The most important market 

will set the most dominant competitive force. Competitiveness is also defined as ―a set of 

institutions, polices and factors combined to determine the level of productivity of an 

economy and its capacity to generate wealth, returns on investment and determining potential 

for economic growth‖ (Farinha et al. 2014, p. 261). Carayannis & Wang (2011) describe two 

types of competitiveness. One is resource based competitiveness where higher productivity is 

achieved through lower cost of natural resources. Second is innovation based competitiveness 

where higher productivity is achieved through higher efficiency and technology.  

In developed economies where competition get intense; ―push and pull model‖ is used by 

organizations to achieve competitiveness. In this model ―technology push‖ forces an 

organization to adopt smart technologies for higher production efficiency and ―market pull‖ 

is the market demand which also forces an organization to adopt smart technologies for 

higher production efficiency. However, in the less developed economies or regions; 

according to Farinha et al. (2014) efforts to develop knowledge infrastructure are being made 

to attract medium to high tech industries to boost competitiveness. The key to attract medium 

to high tech manufacturing is innovation and innovation comes from the collaboration 

between academia and industry. Knowledge management can play a crucial role in 

influencing competitiveness as academia can provide essential knowledge to industry and 

promote economic growth. Later on, government can also play its part by making supportive 

policies which can help to boost innovation and deliver technology driven competitiveness. 

According to Carayannis et al. (2021b) these three helices provide the comprehension of the 

social reproduction of the dynamics of innovation. Industry 4.0 technologies can help to gain 

competitiveness as it has the capacity to enhance the manufacturing process and meet global 

demands. 

The swift strides in the development of world‘s economy have empowered organizations to 

produce more efficiently and in large quantity. This has allowed organizations to reduce the 

costs that led to the development of competition in the consumer market. Consumer markets 

have been the foundation of the global economy since the industrial revolution. This has 
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brought economic, environmental, and social challenges for the present and future 

generations. To meet the consumer demand, companies aim to shorten product lifecycles. 

However, it is an essential consequence of this that the lifespan of products is constantly 

decreasing, thus encouraging re-purchase. This has led to the development of the so-called 

linear consumption model (Bradley et al. 2018; Kambanou & Sakao 2020). 

2.3.1`Quintuple Helix Model and Sustainable Competitiveness: An Analytical 

Framework 

Ivanova, (2014) state that the concept of Triple Helix originated in 1990s, however a similar 

concept was under usage at the time of Great Depression during 1930s. Although that time 

this concept was not formally conceptualized and detailed mechanism was not laid out. The 

academia has outlined the innovation system within the domain of knowledge management as 

Triple Helix Model. There is no common definition of innovation agreed upon in the 

academia. However, Planing (2017, p. 3) provides a simplified form of the definition of 

innovation which is ―Innovation = Idea + Invention/Realization + Exploitation‖. According 

to Carayannis et al. (2019) the concept of innovation system is built on the double helix 

model which is an interplay between academia and industry. Later on, government as third 

helix was added and it became Triple Helix model. According to (Leydesdorff 2011) the 

Triple Helix Model was proposed by Etzkowitz & Leydesdorff which incorporates 

relationship among university, government and industry in order to explain structural changes 

in the knowledge economy. In contrast with political economy, in knowledge economy the 

structure of society is constantly challenged by transformations that originated from digital 

technologies. Traditionally, Triple Helix Model of innovation is focused on the cooperation 

among academia, industry and government. Momeni et al. (2019) state that the purpose of 

Triple Helix model is to create and explore new knowledge, technology, product and 

services. It is claimed by Carayannis et al. (2019) that Triple Helix model will remain in the 

endless transition. The fourth helix of civil society was added into Triple Helix to create 

Quadruple Helix. Civil society can be a non-governmental organization or informal 

institutions that can play a part in innovative activities. 

Dhewanto et al. (2020) state that a body of researchers researched and explored different 

dimensions of innovation and other factors that play a role in the process of innovation for 

over 30 years before creating the Quadruple Helix model of innovation. Grundel & 

Dahlström, (2016) say that Quadruple Helix model broadens the concept of innovation. It 
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represents not only political and civil rights but also sustainable development. According to 

Carayannis & Campbell (2021a) Elias G. Carayannis and David F.J. Campbell are the co-

creators of Quadruple and Quintuple Helix model of innovation. Quadruple Helix brings new 

dimensions about society and civil rights. Moreover, Quadruple Helix is not only limited to 

scientific universities but also to art universities. Carayannis & Campbell (2014a) argue that 

Quadruple Helix is human centred while Triple Helix is institution oriented and focuses on 

knowledge economy. According to Carayannis & Campbell (2014a) and Casaramona et al., 

(2015) civil society is based on the attributes of media/culture based civil society, art/artistic 

research and art based innovation. With the media and culture elements presents in the 

Quadruple Helix; it represents more composed and strong pursuit of innovation which can be 

reflective over academia, industry, government and civil society. Carayannis & Rakhmatullin 

(2014b) assert that quadruple Helix model promotes the concept of smart specialization that 

integrates four helices in the context of knowledge economy and knowledge production. 

According to Carayannis et al. (2019) a fifth dimension is added which is natural 

environment and Quadruple Helix becomes Quintuple Helix model of innovation. Natural 

environment is a subsystem of knowledge and it makes Quintuple Helix more comprehensive 

than its previous version. Carayannis et al. (2012, p. 4) define Quintuple Helix model as ―it is 

interdisciplinary and trans disciplinary at the same time; the complexity of five helix structure 

require understanding and continuous involvement of the whole disciplinary spectrum, 

ranging from natural resources to social sciences‖. Carayannis & Campbell (2021a) argue 

that Quintuple Helix model is a socio –ecological transition of society, economy and 

democracy.  

It is based on the idea of knowledge production and its application over the society. It creates 

a synergy among economy, society and democracy. It is also contended by Alhassan et al. 

(2017) that natural environment has a relationship with the existing four helices as it impacts 

and shapes the direction of innovation and knowledge activities. According to Kolehmainen 

et al. (2015) knowledge based development can be quite challenging especially in less 

economically developed areas. In the case of competitiveness, it can be a difficult but 

possible.  Carayannis et al. (2021b) argue that knowledge based development which is also 

known as competitiveness and superiority of knowledge is determined through the capability 

and capacity to integrate various mode of knowledge through cooperation and competition. 
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Figure 5: Quintuple Helix and Sustainable Competitiveness Interlinkage: Analytical Framework  
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2.3.2 Components of Competitive Advantage 

Now competitiveness is often misunderstood by the mangers when it comes to 

manufacturing. Enhancing the ability of the workforce of converting input into output is 

competitiveness. It includes technological advanced tools, trained and motivated workforce 

and other elements which inhabits the culture of competitiveness in an organization. 

According to Aranguren and Magro (2020) few decades ago competitiveness might have 

been a blurry concept but now its importance has been recognized especially at regional 

level. Reyes and Useche (2019, p. 4) has defined competitiveness as ―the capacity of a firm to 

achieve high levels of productivity over time.‖ 

Competitive advantage is regarded as significant in the success of an organization. Azeem et 

al. (2021) state that the substance of a competitive advantage is founded on unique and 

sustainable competitive edge. Competitiveness highly relies on the capabilities and resources. 

According to resource based theory the way organizations owns and utilizes resources is 

often related to competitiveness of an organization. Resources are the core component of any 

organization‘s competitive advantage that leads them to the brilliance. Organizational culture, 

which is the first component of competitive advantage, is being regarded as a core 

competency to develop competitiveness. Organizational culture is defined as ―employees‘ 

shared values, beliefs or perceptions of the organization and its environment‖ Azeem et al. 

(2021, p. 1). The second component, knowledge sharing is described as an exchange of 

knowledge, information, facts, skills and practices within an organization is known as 

knowledge sharing. Knowledge sharing help organizations to increase their knowledge based 

resources. It helps organizations to enhance their ability to develop sustainable competitive 

advantage over their rivals. The third component; Innovation in an organization is a potential 

indicator of creativity. The implementation of new business practices or technologies is 

generally known as innovation. Organizational innovation also means adoption if new 

practices in the workplace to increase performance which can help to create a competitive 

edge consequently. Innovation can play a particularly important role in the long term to gain 

competitive advantage.  

Competitiveness in a business cannot be obtained without organizational culture, knowledge 

sharing and organizational innovation. It is a state where an organization performs better than 

its rival in the market in terms of cost, manufacturing, technology and other various factors. 

Azeem et al. (2021) posit that an organizational culture affects an organization deeply 
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especially when it comes to the development of competitiveness. Organizational culture 

reflects employees‘ attitudes, creativity, quality and productivity which consequently reflect 

into the employees‘ performance. Similarly, knowledge sharing is equally important as 

organizational culture in order to achieve sustainable competitive advantage. Knowledge 

based assets are important for an organization but alone they cannot offer a performance that 

can translate into a competitive advantage. Knowledge sharing should spark knowledge based 

culture within the organization supported by innovation; that would really create a change 

within an organization and an organization will come to a position to offer a competitive 

advantage. Bessant & Francis (1999) use the term ‗learning organizations‘ where knowledge 

sharing is an integral part of the organizational culture. When there is a network of 

knowledge sharing embedded in an organization; it will not only help in the individual and 

professional growth of the workforce but also drives innovation within the organization. 

Especially in the manufacturing organizations where R&D plays an important role in the 

adoption of new technologies and without the culture of knowledge sharing, a competent 

workforce to get things done that is needed for competitiveness is not possible. According to 

Azeem et al. (2021) innovation is a vital component of competitiveness. Innovation is 

necessary to explore new opportunities in the business and it is essential for organizational 

progression. Knowledge sharing and organizational innovation can play a decisive role in the 

organizational culture to bring performance based competitive advantage in an organization. 

Azeem et al. (2021) argue that empirical data suggests that organizational culture promotes 

innovation and knowledge sharing within an organization while innovation and knowledge 

sharing are crucial for an organization to develop competitive advantage.  

The next step after identifying components is to prioritize the competitive advantage. An 

organization should know what kind of a competitive advantage they are looking for. They 

have to decide what they want. Ocampo et al. (2017) have given seven dimensions of 

competitive advantage that an organization should prioritize and pursue afterwards. These 

dimensions include cost/efficiency, flexibility, quality, delivery time, innovation, customer 

service and environmental protection. Now organizations either pursue one of these or a 

group of priorities from these given priorities. Researchers are convinced based on their 

research that organizations cannot pursue all of them at the same time. There is a trade-off 

exists among these priorities. 
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2.3.3 Competitiveness Through Resources & Capabilities 

The management strategy of competing through resources works on the principle of (RBV) 

resource base view. RBV sees a company as a collection of tangible and intangible assets 

along with capabilities. Collis & Montgomery (1995) say that RBV is a combination of 

internal and external standpoints within an organization that helps an organization to assess 

strengths and weaknesses. According to RBV, no two companies are same even if they are 

given identical resources because they will always have a different set of skills, 

organizational culture and work experiences. The competitiveness can be considered as the 

driver of the firm‘s performance based on the existing resources as assets or labour based 

resources. The measurement of a firm‘s competitiveness is more like an assessment as there 

is no proper variable available for that purpose (Csapi & Balogh, 2020). According to 

Lafuente et al., (2020) competitiveness is a multidimensional concept based on resources, 

capabilities and it is positively linked with the firm‘s performance.  

A list of perquisites have been presented in table 2 by Ejaz, (2022) that acts as not only the 

tool of measurement of industry 4.0 readiness of a firm but also as the multifaceted drivers of 

the operational competitiveness based on the Industry 4.0 technologies. These perquisites are 

the resources and assets that a firm must have to be able to implement Industry 4.0 

technologies in order to enhance their operational performance. As far as outcomes or 

performance assessment of the drivers are concerned, these are primarily focused on the 

indicators related to manufacturing performance of the firm. In this context, Reduction in the 

use of resources, Reduction in Cost of Production, Increased Operational/Manufacturing 

Capabilities, Increased R&D, Increased Product Quality, Increased Product Quality, 

Increased Mass Customization, Flexible Manufacturing Process and More Flexible Product 

Design are the performance measures that are being developed after the review of the existing 

literature that is aligned with the goals of the thesis. These performance measures can help to 

assess the manufacturing competitiveness of a manufacturing firm.  

According to Zahra & Das (1993) an organization‘s resources fall into mainly two categories. 

One is tangible and the other is intangible. Tangible resources are in physical shape and they 

can be seen and observed. Tangible resources are also easy to count with accuracy. While in 

the case of intangible resources, they are hard to observe as they are normally not in the 

physical shape or form. Intangible resources include technological, financial and human 

resources. For instance, a garment manufacturer in Denmark implemented an advanced 
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technology to reduce manufacturing time and to manage the industrial waste. This 

combination helped the Danish manufacturer to avail the competitive advantage.  Zahra & 

Das (1993) state that intangible resources also include organizational structure, administrative 

skills and organizational culture. These resources are valuable and crucial for a firm to create 

a competitive advantage. A survey of executives of British companies reveals four vital 

intangible resources which are inevitable for a firm to develop a competitive advantage. 

These resources are company reputation, product reputation, employee expertise and 

organizational competence.  

The competence of an organization comes from their workforce. Competence of employees 

of a firm is a vital element in the implementation of strategies to achieve strategic goals. The 

term ‗competence‘ is defined by (Horvat et al. (2019, p. 826) as ―learnable abilities of an 

employee or an organization to combine or exploit different resources in a purposeful manner 

to do certain tasks individualistically‖. Another study revealed that manufacturing is an 

important area of employee expertise. One more study claims that close ties with the 

suppliers and buyers can help organizations to improve their manufacturing efficacy. All 

these are the examples of intangible resources that might play a vital role in the achievement 

of competitive advantage. According to Cao et al. (2021) when a manufacturing firm possess 

resources that are rare and valuable; only when an organization develops a competitive 

advantage because rare resource materials are hard to acquire and nearly impossible to 

imitate.  

These resources available in an organization function as a guiding principle to devise and 

implement strategies in order to attain competitive advantage. The choices an organization 

make is solely based on the kind of resources available within the organization. For example, 

a British sports car manufacturer, TVR used an advanced technology to produce customized 

cars according to the needs of their clientele. This new technology helped TVR to introduce 

flexible manufacturing with a highly trained workforce. With the effective use of technology, 

TVR created a competitive edge and that resulted into a high market share as it helped to beat 

its market competition Lotus in the British market. Zahra & Das (1993) argue that the key 

behind the competitive edge is uniqueness and un-substitutability of tangible and intangible 

resources. An organization can develop a competitive edge based on the mix of 

manufacturing resources. Now scarcity and uneven distribution of resources can create a 

competitive advantage for a particular company. In other words, organizations can create 
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competitive advantage through manipulation and exploitation of the unequal distribution of 

the scarce resources.  

Smart technologies can help to rejuvenate not only the conventional manufacturing processes 

but also help in the creation of new product designs. Pisano & Willy, (2012) state that 

product designers and process engineers sometimes underestimate one another which results 

into effecting both product and process. Advanced technologies can make product design and 

manufacturing process interdependent on each other which can help the companies to 

develop a competitive edge based on their capabilities. Companies should continuously invest 

in R&D to stay ahead of their competitors because research also indicates that capabilities 

can erode over time and competitiveness developed on the capabilities also wears down over 

time.  

Sustainable competitiveness is highly dependent on the competence of the employees. How 

quickly they adapt and learn new changes in terms of organizational structure or 

implementations of new technologies actually determine the potential of a firm in order to 

develop a sustainable competitive advantage. According to Horvat et al. (2019) an 

organization can fulfil their strategic goals to achieve a competitive advantage like flexibility, 

short production cycles and others only if the employees are competent enough to learn and 

apply new digital tools in a form of a management strategy to achieve their goals and 

developing a competitive advantage in the process. An organization must identify its 

competitive needs first in order to determine what kind of competency is required. Once 

competitive needs are defined, than the task of analysing marketing and technological needs 

and setting short and long term strategic goals has to be fulfilled by an organization.  

Sometimes organizations opt for competitiveness though clustering and public policy. These 

are not in the purview of this thesis however, their importance cannot be ignored. So the 

study has also shed light on these areas to cover the broad aspect of competitiveness. 

2.3.4 Competitiveness Through Clustering 

Evans (2019) has claimed that clusters are extremely important for industrial growth and their 

importance has been recognized for last 20 years. Clusters always have a positive impact on 

the productivity growth of the geographically co-located firms. Bettiol et al., (2020) state that 

now Industry 4.0 has provided a technological platform to form technological based clusters. 



47 
 

Lis (2019) has argued that clusters help organizations to attain competitive edge along with 

efficiency and innovation. The notion of proximity presented in the literature help 

organizations to enhance performances and increase cooperation between organizations 

located in the same vicinity.  

Based on research (Lis, 2019) has mentioned five dimensions of the proximity which 

includes geography, competence, social, organizational and institutional based proximity. So 

far geographical proximity is the least complicated and the most important dimension of 

cluster formation. It refers to the physical location of certain economic entities along with 

their supporting industries in a specific radius of area. Aranguren & Magro (2020) has also 

emphasized the importance of clusters based on geographical proximity. Akpinar (2020) 

states that multinational organizations also relocate themselves; sometimes to other countries 

to avail location based advantages. Location based advantages include suitable market size, 

favourable government policies, institutional framework, industrial incentives and tax 

rebates. Akpinar (2020) also says that there are two types of geographical based clusters; 

natural and man-made, both are crucial for economic growth and competitiveness. Arrona et 

al. (2020) explain that there are multiple factors on which geographical based clusters are 

dependent; mostly on policy making. It is believed that it is government‘s job to design and 

implement such policies that foster location based industrial clusters. Tahir & Tahir (2019) 

also argue that either governments or institutions can take initiative to force market players to 

develop clusters.  

Studies indicate that clusters are essential for economic progress, technological readiness, 

innovation and market regulations and infrastructure. These elements are incredibly 

important for achieve competitiveness. Porter & Rivkin (2012) also state that foundation of 

competitiveness is a sophisticated cluster of industrial infrastructure at regional level; 

supported by business friendly environment and policies. Like Toyota follows “kaizen” 

continuous improvement principle not only for their production facility but also for their 

workforce and their 12 out of 15 production facilities are located in or around the Toyota City 

forming a cluster. Toyota‘s executives believe that the cluster has played an important role in 

the shaping of Toyota‘s culture. As Atkin et al. (2017) were researching on the technology 

adoption barriers in the football industry in Pakistan; they found that cluster has played 

incredibly significant role in the growth of football manufacturing as they recorded 135 firms 



48 
 

located in a small city producing 30 million footballs annually sharing same standardized 

technology and production processes.  

Pisano & Willy (2009) also illustrates the importance of cluster of companies at the same 

place in the shape of forming common. Common is a place where all the industry related 

companies work together and by doing so they will have an integrated R&D and other 

services. It will cultivate the culture of innovation and research in a particular field and all 

companies in the common share the benefits together. In one example, Novartis has relocated 

their head office from Switzerland to Boston, US because several research centres were 

already working in that region in the related field. They can help Novartis to develop new and 

advanced drugs in the future and most importantly they will develop the capabilities across 

time which will be difficult to copy for other companies. In another example, US based solar 

panel manufacturing companies claim that their Chinese competitors enjoy an unfair 

advantage which is government aid and funding to the industry but Pisano & Willy (2012) 

reasons that their real competitive edge is that their whole technological infrastructure and 

electronics industry which is centred in Asia and no amount of government funding can help 

to overcome what they have developed.  

2.3.5 Competitiveness Through Public Policy 

Competitiveness is nothing like creating new jobs or increasing wages; it is long term 

productivity along with raising living standards of the people. According to Porter and Rivkin 

(2012) competitiveness brings prosperity to both companies and citizens. Zahidi (2020) says 

that competitiveness is not just about growth and productivity; it is about developing policies 

that can not only ensure sustainable and greener environment but also helps to boost foreign 

investments. It is the government‘s job to develop local manufacturing oriented policies so 

that foreign investment can be attracted and so does the resources of production. There is no 

short cut to this approach as developing competitiveness is a process which takes time.  

Lall (2004) has formulated two approaches that governments can use to devise policies for 

industrial competitiveness. These approaches are neoliberalism and structuralism. 

Industrialized economies liberalize their industry and free market controls almost everything 

with nearly zero government intervention. It includes allocation and relocation of resources 

and industrial assets. In this strategy, government‘s job is to provide stable macro-economic 

conditions and industry normally gives high growth and productivity as an outcome. In this 
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approach markets are efficient and rely on technological competitiveness. In the structuralism 

approach, government controls almost everything and free market is not entrusted. It is 

argued that free market played a crucial role in the industrial success of countries in East 

Asia. Heavy reliance on free market might be a mistake because they are not perfect and 

government intervention is needed for markets to work efficiently. In structuralism, a 

government policy is vital for industrial success because there is no reason to follow 

neoliberalism just because of some failed government policies in the past. In one example, 

US government has ordered a policy review to prevent auto industry from financial losses in 

the light of recent supply chain disruption of semiconductors during the pandemic. According 

to Leary (2021) government is intended to boost domestic manufacturing of critical materials 

including semiconductors. In this way reliance on foreign suppliers will be reduced and that 

will help to thwart supply chains disruptions in future. Now this example shows that when 

free market fails to control the market conditions by itself; then government intervention is 

necessary to make sure that free market is working efficiently. It is also the job of the 

government to make policies that encourages manufacturing so that industrial 

competitiveness can be harnessed. It is a long term strategy. It might not help in short term to 

resolve the immediate problem of supply chain disruption and raw material shortage but it 

will help in the future to avoid similar situations to develop in the first place. 

According to Sminia et al. (2019) several governments in the world have initiated their 

working to devise policies based on technology to create competitiveness in manufacturing 

firms. These policy agendas have started as ―La Nouvelle France Industrielle‖ in France, 

―Indurtrie 4.0‖ in Germany, ―Rebirth of Japan‖ in Japan, ―Manufacturing 3.0‖ in South 

Korea, ―High Value Manufacturing‖ in UK, ―EU Factories of the Future‖ in EU, ―Advanced 

Manufacturing Partnership‖ in US, ―Made in China 2025‖ in China and ―Make in India‖ in 

India in different parts of the world to gain competitiveness through Servitization and not 

through going into price wars with the competitors. Servitization is mainly based on two 

factors. First is the functionality of the product offering with respect to its efficiency and 

effectiveness in terms of customer and second is building long term customer relationship 

through constant interaction. Servitization helps organizations to be competitive based on 

superior product quality and manufacturing technology and escape from the old ways of 

competitiveness like price competition and commoditization.  
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2.3.6 How Companies Can Achieve Sustainable Competitiveness? 

The real question is how a company can achieve the goal of sustainable competitiveness. 

Different companies apply different kind of strategies and try to acquire different kind of 

capabilities over their competitors. Kaplan & Norton (2008) propose a management system 

integrated with operational strategy which works in a closed loop. It will help companies to 

avoid breakdowns and failures in their operational plans. In this five steps management 

system, first step is to develop a strategy. In order to do that a company must analyse and 

identify their core competencies and then devise a strategy accordingly. Now a company may 

have developed core competencies based on the resources or capabilities. In case of resources 

companies must ensure these resources are dependable, durable and sustainable so that they 

can be used as leverage. Still there are strategic implications in developing a strategy because 

resource can diminish over time. Collis & Montgomery (1995) argue that resources must be 

upgraded and invested over the course of time because technologies can change in no time 

and resources can be threatened. Companies must keep their resources in best possible way 

so that they can reap the benefits from them. In the case of capabilities, some companies gain 

capabilities by investing in the building of infrastructure in an unconventional manner that no 

one has done in the industry. In one example, Wal-Mart developed a cross docking system to 

replenish their stores even twice a week with their own fleet of trucks and cargo aircrafts. It 

works on the basis of their own satellite communication system among all the venders and 

suppliers which made it hard to replicate for K-Mart. In one other example, Honda developed 

an efficient dealership management system based on MIS tools and training that provides an 

edge to Honda to excel.  

In the second step, once a strategy is developed the next task is to translate it into the 

workforce as it is important because without it a company cannot harvest the desired culture 

within the company. Stalk et al. (1992) assert that it also requires training and organizing the 

workforce in an unconventional manner to develop these capabilities so longer a company 

can take in developing them, the harder it will be to copy them. Toyota has cultured and 

developed the strategy of continuous improvement and people respect in its organization over 

the years which are the main pillars of Toyota‘s way. Stewart & Raman (2007) elaborate in 

the words of Mr Watanabe that Toyota‘s way is a never ending learning process as managers 

may learn what is above the surface but beneath is far deeper. That is why Toyota needs a 

workforce which is smarter and able to use smart technologies. According to (Schmitt 2019) 
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Toyota not only wants their plants being developed based on kaizen philosophy but also their 

workforce to become faster, smoother and smarter. It is not possible to achieve objectives 

without obtaining the high performance management within a company because sometimes 

strategies fail due to the incompetence of the management. Sadun et al. (2017) also state that 

our research indicates that high performance management companies yield high productivity 

and growth and in the case of low productive companies their management fail to recognize 

their incompetence. 

In the third step which is a successful implementation of an operational plan within a 

company which is not possible without a strategy based on core competencies and a high 

performance management culture. Smart technologies can be used like ERP and online 

dashboards to make the company‘s performance more visible and easier to monitor and 

evaluate the managerial performance. Smart technologies will also help to reduce time and 

make manufacturing processes more flexible. This flexibility will help the companies to 

make changes when needed for example when set targets are below the benchmark. Once a 

company successfully managed to digitize their whole operational and sales activities using 

data analytics and AI; they can forecast supply, demand, increase/decrease in raw material 

prices and many other aspects related to operational and sales activities. The smart 

technologies can help companies to steer in a right direction and to maintain adequate 

resources to meet the future demands and can re-shape the way the companies work. These 

smart technologies are comprised of physical system i.e., mechanical, electrical parts etc., 

smart components i.e., software, embedded operating system, digital interface etc. and 

connectivity i.e., networking equipment, which allows a company to develop a new 

manufacturing infrastructure. It will not only help to develop new production processes but 

will also assist in the development of innovative featured products. This new infrastructure 

will allow companies to produce products which will be able to monitor, control and optimize 

their performance on their own and be able to learn on their own. The most important key is 

to develop a database where real time data can be stored, monitored, analysed and evaluated 

continuously in order to make forecasts related to supply/demand and this data will also help 

to make improved product designs and production processes. (Porter & Heppelmann (2015) 

illustrate that it will transform every manufacturing company into a software company where 

R&D and IT combined together gives a concept of a data organization. A company where 

software engineers will be product and production process designers who will design new 
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products and processes at low cost with evergreen designs that can be modified by using 

augmented reality and other similar tools; hence this transition is a crucial part of the process.  

Augmented reality is a technology which transfers data and analytics into images and 

animations and overlay them on the physical world. Porter & Heppelmann (2017) argue that 

since humans get 80% to 90% of information from their vision and this technology provides 

not only a visual image but also analytics so it is the so far best tool and companies can 

benefit from it not only in manufacturing but also in other function of a company. In one 

example, Newport News Shipbuilding Company uses AR to design and manufacture ships. 

This tool helps them to minimize defects in design and in manufacturing process. It helps the 

company to save considerable time and cost. In one other example, Boeing uses AR to 

assemble aircrafts, as AR also transform analytics so Boeing employees can assemble aircraft 

parts together step by step as instructed by the AR. So, this technology not only visualize but 

also interact and guide them in not only manufacturing process but also in logistics, 

marketing and after sales.  

Similarly, D‘Aveni (2018) also advocates highly in the favour of 3D printing and insists that 

it is only way of going forward as many companies are implementing it. Although D‘Aveni, 

(2018) seems to be not a fan of industry 4.0 (the concept originated in Germany) as he argues 

that it will create strategic complications and strategic inflexibilities. There is no doubt that 

3D printing embedded with digital technologies will help to increase production, decrease 

cost and design innovative product designs as in one example, Nike is using 3D printing to 

manufacture complex shoe soles which is hard to manufacture conventionally. The important 

thing is that companies should not rely on one technology alone but they should use it along 

with other smart technologies. On the downside if every company buys AR and 3D printing 

technologies than what will these companies do and how they will achieve competitiveness? 

That is why every company requires a strategy based on resources, capabilities and workforce 

as discussed in the first and second step. It also requires a database to work with these 

technologies and it is the only way to achieve a sustainable competitiveness. The idea of 

implementing smart technologies will help to convert a manufacturing factory into a smart 

factory comprising of simplified components, reconfigurable assembly processes and 

continuous production operation by using smart technologies collectively. It will also help in 

logistics, marketing, after sales, security and upgraded human resource to work with smart 

technologies.  
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In the fourth step managers are required to monitor continuously all the operational activities 

and make adjustments where needed. Action oriented reviews should be done to resolve 

issues immediately when they arise based on the given data and information in hand. This 

practice will help managers to spot weak points in the management system and provide them 

with enough flexibility to resolve them timely. Last step is overall strategy overview where 

managers are required to analyse statistical data, cost and profitability reports and evaluate 

fulltime performance of a company. This final part is especially important as this process will 

close the loop of the management system. It is also important if managers desire to make 

modifications in strategy and operational plans based on the data and reports because it will 

improve the overall management system and helps the managers to adapt it fully in order to 

accomplish the long term objective of sustainable competitiveness. 

2.3.7 Flexible Products 

In recent years‘ product designing have gained popularity in the manufacturing sector and 

now it is termed as a crucial part of product development. According to Boonman et al. 

(2015) flexibility is a competitive tool that can be used in markets filled with large number of 

flexible product manufacturers. According to Page et al. (2002, p.133) a study shows that 

75% of respondents said that product design is the major reason of consumer attraction 

towards a particular product. Page et al. (2002) contend that there has been lots of literature 

available on the product design and its aesthetics but there is some literature available related 

to functionality of the product. Product functionality is an essential part of product design as 

in one example of VW beetle; it became popular in the consumer market because of its 

unique design and it stayed successful for a long time because of its functionality. Although 

there has been a lot of criticism on product design and functionality of the car but it remained 

popular car for decades.  

Spence et al. (2011) state that consumers approach towards a certain product is based on their 

cognitive judgments and consumers make buying decisions about a particular product after 

having positive vibes from the product. This cognitive judgment may vary across consumers 

and products. Normally in consumer products; consumers fall for the aesthetic perspective of 

the product. On the other hand, some consumers fall for product quality which is not defined 

by the aesthetics of the product. For that purpose, usually consumers look for functionality 

perspective of the product. According to Page et al. (2002) functional characteristics of the 

product help consumers to evaluate and judge products on the basis of quality. Brand names 
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also have a significant impact on the quality judgment by the consumers. A brand name like 

BMW brings a sense of quality and high functionality of a product so consumers may judge 

the product on a different criterion but on the other hand in the case of a low value brands; a 

consumer‘s cognitive judgement may differ in evaluating the products functionality. 

Vinokurova (2019) also argues that operations department can add or remove functional 

dimensions of flexibility in any given product and then marketing team creates demand for 

that particular product. In this way they make consumers adapt to the new product 

psychologically. They move consumers from one level of product utility to another. 

2.3.8 Flexible Product Development Strategy – Product Process Matrix 

Every company develops a strategy regarding new product development. It involves product 

features mainly like flexibility and standardisation in the products. Some companies opt for a 

standard product as it is aimed for producing one product for each and every consumer while 

on the other hand; some companies opt for flexibility feature as a prominent feature in their 

products to attract their consumers. Lafou et al. (2016, p. 99) has defined flexibility as ―the 

sensitivity of a system to change as more flexible the system; less sensitive to changes 

occurred in the environment‖. Once a company decides to adopt flexible product strategy; 

they will embark on new product development process. According to Oliveira (2017, p. 1326) 

there are three major forms of flexibility; operational flexibility, product flexibility and 

capacity flexibility. Flexibility in product is defined by Schneider et al. (2020, p.814) as ―the 

ability to adapt to change easily and reversibly whereas economically understandable easily 

and changeable back to the previous position rapidly‖. Product flexibility is also defined by 

Suh et al., (2007, p.68) as the capability of a system to undertake specified changes of classes 

with ease. The basic reason why companies go for products with flexibility feature is to 

capture all segments of consumers because with one standardised product a company cannot 

market all consumer segments. According to Fu et al. (2017) flexible products allow 

manufacturers to avoid potential mismatch for consumers.    

Alptekinoğlu et al., (2019) aver that now consumers demand a single product with multiple 

variations; in short, they expect a product to be flexible in terms of functionality so that larger 

consumer segment can take benefit from the product. For example, insulin pens with an 

option of adjustable insulin dosage. It can help consumers to adjust insulin according to their 

needs and also helps the company to capture larger market share and profits on the basis of 

flexibility attribute. In one other example in the case of medical devices like pacemakers and 
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hearing aids, now companies have developed products like now a pacemaker can readjust 

itself according to the heart condition of the patient and similarly hearing aids now can adjust 

themselves according to their surroundings.     

The motivation behind the idea of flexible product development is to answer variation and 

changing consumer demands over time. It also requires a technology to manufacture these 

kinds of products. A technology that can offer modularization in the product is an essential 

need to produce products with flexible features. Krajewski et al. (2013, p.115) have given a 

product process matrix that explains how different manufacturing processes can be adopted to 

manufacture products. However, manufacturing process structure does not provide a lot of 

flexibility but it does provide mass customisation with low volumes which allows producing 

flexible products other than standard products on the assembly lines or sub-assembly lines of 

the manufacturing system. Fritzsche et al. (2020) also argue that a certain level of flexibility 

is needed in the existing production line to develop a different variant of the product 

otherwise a new production line would be required to develop different variants of the 

existing product. Given the fact that consumers have been changing demands continuously 

and there is a variation in their preferences; companies usually opt for two kinds of strategies, 

1. Standard product: in this strategy a company decides to offer multiple standardised 

products to capture major number of consumer segments. 2. Flexible product: in this strategy 

a company decides to offer a reconfigurable product which has variation in functionality so 

that major number of consumers can utilize the products to fulfil their needs.  

Alptekinoğlu et al., (2019) state that they found that flexible products dominate standard 

products if they offer greater customer value through their developed theoretical model. They 

have also found an interesting relationship between product strategy and customer 

preferences in their study. Alptekinoğlu et al., (2019) avow that there are three possible 

consequences for companies when they produce flexible products. First, they have to 

reconsider the pricing of their product because from variety of standardised products now 

they are selling one flexible product. Secondly, now companies may have given variety in 

their flexible product by offering them post purchase utility choices. Thirdly, companies may 

have empowered the consumers to do the reconfigure task of the product according to their 

changing needs. At this point the need of new product development arises which is flexible 

and reconfigurable to perform multiple tasks. This third approach leads to mass 

customisation. The three consequences described by Alptekinoğlu et al. (2019) are being 



56 
 

explored in detail. It will help to understand why flexible products are becoming essential 

more than ever to fulfil consumer needs. 

2.3.9 Flexible Products and Utility Choices 

According to Alptekinoğlu et al. (2019) standard products can cause misfit cost to the 

consumers which can result into failure in the product strategy. On the other hand, in case of 

flexible products, there is a reconfiguration cost; if that cost is higher than a consumer might 

not be inclined towards the product no matter how much the product is flexible. There is 

another interesting fact to note that flexible products are more likely to satisfy the changing 

consumer needs over time because flexible products are ideal products when there is 

uncertainty in terms of consumer preferences. Herpen et al. (2019) argue that organizations 

should produce products that offer utility that doesn‘t go beyond consumer needs. It will help 

to avoid product disutility. However, when consumer‘s preferences are not static and they 

tend to change over time; that means consumer‘s preferences are volatile which can lead to 

uncertainty. Nonetheless, standard products can also be profitable in the case of extremely 

low or high uncertainty in consumer preferences. It is also observed that flexible products are 

more suited for forward-looking consumers; the kind of consumers who favours innovation 

and novelty. Moreover, sometimes companies follow a hybrid product strategy where they 

offer both flexible and standard products in order to counter heterogeneity in consumer 

preferences. For example, Google App Engine, a cloud computing platform offers two 

different environments; one is standard and second is flexible. According to Alptekinoğlu et 

al. (2019) so far there are not a lot of studies that have been advocated the issues related to 

evolving consumer preferences and flexible products. Alptekinoğlu et al. (2019) suggest that 

in the new product development; technology plays a significant role. Especially the 

technologies that can help companies to enhance the ability to reconfigure and to redesign the 

flexibility of the products which is the chief concern here. For example, an improved 

programmable hearing aid that can be used electronically. It can be only possible with state-

of-the-art defect free manufacturing technologies. 

2.3.10 Flexible Products and Mass Customisation 

When companies are following mass customisation normally, they use customised product 

strategy while on the other hand flexible products offer choice and variety beyond point of 

purchase and delays product differentiation. Alford et al. (2000) define mass customisation as 
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―mass customizers develop, purchase, market and distribute goods and services with such 

verity that nearly everyone finds what exactly they want at the price which they can afford to 

pay.‖ (Alford et al. 2000, p.100) The concept of mass customisation supports consumer 

driven industrial system by developing business agility. Business agility can be developed 

through combining customisation and mass production. Rousseau et al. (2021, p.103) state 

that according to a survey market trends show that approx. 30% consumers have shown 

willingness to purchase customised products. This research proves that three out of ten 

consumers are ready to customise their own product according to their needs and more 

consumers will follow this trend in near future. The most important finding of this study is 

that all the respondents are willing to pay for their customised products.  

This trend provides an opportunity but this opportunity comes with the challenges. First, 

developing a configuration mechanism appropriate for consumers is a time-consuming task 

which can result into complications on the manufacturer‘s end. Secondly, consumer 

preferences have very short lifecycle; they can change over time. So, configuration system 

also needs to change when consumer preferences change. Sakao et al. (2017) say that 

modularity in the manufacturing system is a key towards mass customisation. Modularity can 

help to minimize complications and ease the manufacturing process which would make mass 

customisation easy and faster for the consumers. Srinivasan et al. (2018) state that 3-D 

printing can offer mass customisation rapidly to cater the short cycle time. Moreover, 3-D 

printing can also solve the problem of manufacturing process flexibility as it has capability to 

produce mass customised products of any kind without consuming a lot of time on changing 

tooling equipment. Consequently 3-D printing reduces the need of wide range of tools and 

equipment and also reduces the cost of manufacturing. With the help of 3-D printing 

manufacturers can increase or decrease the production of customised products according to 

the need. Mass production might not be possible with 3-D printing but manufacturing costs 

can be reduced. One of the most important prerequisite for mass customisation is consumer 

data. Manufacturers are relied on consumer data to analyse consumer preferences and 

changing trends over time. Technologies like Big Data can help organisations to develop a 

product customisation system backed by data that can help consumers to customise products 

according to their preferences. Rousseau et al. (2021) claim that an online product 

configurator is the solution to the mass customisation problem. Product configuration system 

is a knowledge-based system that helps consumers to customise products according to their 

preferences with the available options.  
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2.3.11 Flexible Product Development System 

An organisation requires flexible manufacturing system to produce flexible products at any 

given times. According to Palominos et al. (2019) a flexible product manufacturing system 

allows organisation to shorter product cycles and improved competitiveness. Flexible product 

development is important because it helps to deal with uncertainties however the decision-

making process to develop flexible manufacturing is rather inadequate. It requires proper 

understanding and knowledge so that it would be economically productive and competitive. 

Zhang et al. (2009) argue that now firms are focusing on developing flexible manufacturing 

abilities so that they answer the changing consumer preferences over time. The development 

of flexible manufacturing strategy is a challenging task due to many uncertainties. According 

to Wang et al. (2019) these uncertainties might be uncertain processing time, uncertain 

processing cost and uncertain machine breakdowns which can result into the failure of whole 

production scheduling process.  

Product development flexibility is an attribute which allows manufactures to produce 

multiple products in order to minimize potential losses due to change in consumer 

preferences or due to technology disruption. It will not only help manufacturers to act quickly 

to respond change in consumer preferences but also helps them to innovate new product 

designs in the process. Moreover, this attribute will also help manufacturers to elevate their 

capabilities of producing new products and to improve their manufacturing processes as a 

whole. As it also contended by the Asadi et al. (2019) that variety of products will only add 

into complexities of the manufacturing process of a company. So, there is a growing demand 

in the consumer market of flexible products and it will drive companies towards flexible 

product manufacturing systems. Flexible product manufacturing systems are manufacturing 

systems that are based on mixed-product assembly lines. Their assembly lines are flexible 

and they can be used to produce products with variations according to the fluctuations in the 

demand of product mix.  

Zhang et al. (2009, p.144) raised two aspects related to new product development and its 

functional flexibility. These two aspects are product concept flexibility (CF) and product 

prototype flexibility (PF). CF is an early stage of product development and at this level firms 

explore and conceptualize several ideas for new products. The next phase of product 

development is producing product prototype. A product prototype is used for consumer 

feedback, engineering checks and product testing in order to ensure that when this product 
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goes for mass manufacturing it is error free and grabs consumer attention. It is very important 

that both CF and PF work together to develop a product that can attain consumer preferences. 

As it is discussed earlier that flexibility in the product development is the only way to 

produce products with absolute certainty that these products will meet consumer satisfaction. 

CF and PF are very important dimensions in order to produce variety of product concepts and 

prototypes as working models to achieve the ultimate goal of producing a product which 

meets consumer satisfaction.      

First dimension CF is an ability of a firm to generate product concepts that can satisfy 

consumer needs. In the process a firm can develop multiple product concepts and send them 

for product development so that a new product can be developed in minimum possible time. 

In the traditional way of product development companies develop products and then modifies 

them according to the consumer feedback and market analysis. It is a time consuming and 

costly process while on the other hand CF allows companies to work out their concepts 

through R&D so that the goal of an error free product concept could be achieved. In the case 

of second dimension which is PF; it is an ability of a firm to produce physical models in less 

time as possible and most importantly with low cost. A prototype is like an artefact with 

having same attributes of products like functionality, quality and aesthetics. At this stage, a 

product designer can improve the functionality of the product to meet consumer satisfaction 

level. According to Zhang et al., (2009) prototypes are an excellent way of learning about 

unheard needs of consumers. It will help firms to adapt according to the rapid change in the 

consumer requirements. Many Japanese firms are using this strategy to responding change in 

consumer preferences in no time. At this stage several numbers of prototypes can be created 

and tested to develop a wider range of products.  

Flexibility is an option which can have real positive impact on a new product development 

project. It is believed that literature does not fully reveal the significance of flexibility for a 

firm in the development of new product in a competitive market where the new product is 

going to be launched. Kettunen et al. (2015, p.893) suggests three segments in the new 

product development process. These three segments are initial development, additional 

development and market phase. At the first stage of initial development; a firm develops a 

product for the purpose of launching it into the market. During the developmental process, 

performance, desirability and functionality of the product are assessed on a certain criterion. 

At this stage a firm can make decisions like to continue or abandon the product development, 
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what will be the cost of the product, which features to be added or not and which technology 

to be used for the product development. After the completion of initial development stage, the 

firm begins with second stage which is additional development. At this stage a firm may go 

to the third stage without adding additional aspects to the products. It is more of a review 

stage where progress of first stage is analysed and firms make sure that if something is 

required to be removed or added or not. Normally there is no time limit at this stage but firms 

try to further as quickly as possible to the third stage. After the completion of second stage 

firms launch their products into the markets. The third and final stage is market phase where 

newly developed product is launched to be tested for market performance.  

 

Figure 6: Flexible Product Development Process Source: (Kettunen et al. 2015, p.894) 

In the fig. 6 it can be seen that new product development is a two-dimensional process. At 

first phase; a firm starts new product development with available resources and in the 

meanwhile market performance also grows in the time. At the second phase of the product 

development process, a firm decides to make amendments to the newly developed product if 

necessary. As the third phase approaches a firm launches its newly developed state of the art 

product which is superior to any other product available in the market. As graph shows that it 

remains superior for a time but as time passes; market evolves and competitors will launch 

products of their own surpassing your product. For example, Zara‘s success is credited to the 

ability of rapid modifications in their product offerings.  According to Arnett et al. (2018) it is 
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instrumental for companies to redesign their products and services as in response to the 

changing dynamics of the marketplace.  

It can be observed that this new product development process is based on the idea of CF and 

PF dimensions of new product development which was floated by Zhang et al., (2009). CF 

can be denoted as initial development process and PF can be regarded as additional 

development process. According to Jiang et al. (2019) firms should adopt consumer centric 

approach towards new product development. Consumer surveys are the best source of getting 

preferences pre-hand. This information can help companies as they can incorporate this data 

in the development of new product. It is believed that there is a strong relation between 

consumer preferences and new product development. However, consumer preferences may 

change over time and there are certain limitations if we try to develop a model based on 

consumer preferences because it is hard to predict future consumer preferences and accuracy 

of the collected data would be also in question. 
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3 Research Design & Methodology 

The manufacturing industry faces growth and expansion challenges all the time. These 

challenges obviously require managerial attention and focus so that they can be addressed by 

improving the manufacturing processes. The activities in the manufacturing industry are 

rather complex and they require scientific solutions to the growing challenges of the time. 

According to Kumar (2014) research is not only a set of skills but it is also a way of thinking.  

The impact of industry 4.0 technologies on the manufacturing industries is a truly relevant 

topic at this time. The impact contributes to the performance improvement on various 

grounds in the manufacturing sector. This scientific research aims to deliver a scientific study 

on the implementation of Industry 4.0 technologies and its impact on the performance. In this 

regards, individual researchers are always free to choose the methods, techniques and 

procedures that best meet their need and purposes.  

According to Zikmund et al. (2009) a research design includes a detailed, systematic outline 

of the research methodology. The process of data collection and analysis is defined in the 

quantitative exploratory research. For economical and time reasons, an online questionnaire 

has been designed supported by Microsoft forms platform. The questionnaire has been 

prepared in a professional manner and host website collects the data. The data can be 

downloaded in the form of MS Excel. The core of this research is primary data which was 

collected from manufacturing companies of all sizes located in United Kingdom. The 

instrument that is used for data analysis is SPSS.  

Zikmund et al., (2009) argue that the design phase is like a master plan of a scientific 

research based on methods and procedures for the purpose of collection and analysis of data. 

The structured research approach is based on data collection and analysis. Followed by 

general methodology, questionnaire design, pre-testing, final data collection and return ratios 

are discussed in the later stages.  

The main purpose of scientific research is to evaluate the hypothesis against the gathered 

data. The impact of Industry 4.0 enabling technologies on the manufacturing sector will be 

tested and the hypothesis will be proved or disapproved accordingly. In the online survey 

approach, there are some advantages and there are some possible risks that are associated 

with this approach. For that purpose, a pre-test has been conducted to mitigate the possible 
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risks in the data collection process. For the purpose of the research, the UK‘s manufacturing 

sector has been chosen to analyse how Industry 4.0 is affecting the UK‘s market and how 

UK‘s market is reacting to towards the industry 4.0 technologies.   

3.1 Introduction to the UK Manufacturing Sector 

The UK manufacturing sector is currently in the transition phase as UK has passed the factor 

driven stage of competitiveness where it depends on labour and natural resources (Alsmadi et 

al., 2012). In the developed economies like UK, services sector is always been a major 

contributing factor to the GDP. According to report on key economic indicators published by 

House of Commons Library, the UK manufacturing sector is accounted for 9.4% of total UK 

economic output while services sector is accounted for 81% of total UK economic output 

(Brien, 2024a and Brien, 2024b). The slowdown in the productivity growth in matured 

economies after the 2008-09 recessions was seen temporarily at the time, however, in the 

case of UK, this slow down seems to be affecting the productivity growth for a longer period 

of time. In the post-recession years, the labour productivity growth has been slowed to 0.1% 

from 1.9% in the UK. On the other hand, in the case of industries which are intensive users of 

digital technologies; their productivity growth has been reduced by 54% in the UK (Ark, 

2016). 

The UK government has initiated ―Made Smarter Programme‖ to drive innovation and 

industrial digitalisation  as The UK eyes to become the world leader of fourth industrial 

revolution by the year 2030 (Castaneda-Navarrete et al., 2020). This initiative targets to boost 

UK manufacturing up to £455B, productivity by up to 30% and jobs up to 175000 through 

industrial digitalisation in 10 years‘ time. There are two projects working under this initiative 

and these are North West Made Smarter Adoption Pilot focussing on Industry 4.0 

technologies and Manufacturing Made Smarter Challenge Programme focussing on 

innovation.  

‗North West Made Smarter Adoption Pilot‘ was launched in 2018 helping 3000 SMEs to 

boost their productivity though Industry 4.0 technologies in north-west of England.  The pilot 

programme has engaged with so far 1300 SMEs in the region; over 500 of them have 

received intensive support, over 180 have undertaken match funded transformation projects 

and 62 of them have undertaken ‗Made Smarter Leadership & Training‘ across 3 universities 

in the north-west region (López-Gómez, 2021). The aim of this project is to create ‗Regional 
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Growth Hubs‘ across north-west part of England. Project has been working for last 30 

months and it seems to be a promising way to motivate manufacturers to adopt industry 4.0 

technologies to increase competitiveness, exports and productivity (Castaneda-Navarrete et 

al., 2020). The early results compiled from 84% of the firms have shown 6.5% increase in 

turnover and 3.9% increase in the employment (López-Gómez, 2021).   

The second project ‗Manufacturing Made Smarter Challenge Programme‘ focuses on 

investment in the industrial digitalisation R&D and Industry 4.0 technologies. In 2019, a 

grant of £30M was given to identify the credibility and early success of the challenge at stage 

1. The focus was on variety of the studies, ranging from feasibility to innovation 

demonstration. In the second stage, the project partners with the SMEs. The aim is to identify 

and removal of the barriers in the way of industrial digitalisation. 

There are some key differences between the UK‘s Made Smarter Programme and 

international Industry 4.0 Initiatives. In other countries like Germany, China and Korea; 

Industry 4.0 initiatives are focussed on diffusion of technologies and best practice. The 

rationale behind it is that the Industry 4.0 technologies have not yet adopted by majority of 

the firms and already available digital technologies are cheaper, so governments supports the 

technology diffusion rationale nationwide. In other countries, Industry 4.0 initiatives have a 

national mandate and funded accordingly. However, UK lacks the technology diffusion 

programme for national coverage. In the UK, a regional pilot project is established and only 

north-west region is eligible for support.  

In other countries, regional institutions have been used to deliver diffusion of technologies. 

Like in the US, ―Manufacturing Extension Partnership‖ (MEP) supports technology diffusion 

in the firms across the US with their 600 offices and centres. Similarly, in Germany, 

―Federation of Industrial Research Associations‖ (AiF) has a network of 100 industrial 

research associations across the country been able to engage 50,000 firms in the country. In 

Japan, a network of 60 regional ―Kohsetsushi centres‖ supporting industrial development and 

research to the firms. In the UK, Catapults are helping in the transition from research to the 

commercial delivery through R&D infrastructure, specialised knowledge and expertise. 

―High Value Manufacturing Catapult‖ (HVMC) is the largest in the Catapult network 

covering 17 locations across the country. Catapults do not have nationwide coverage across 

all regions and they do not support technology diffusion either as their peers across the seas. 
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HVMC model is inspired from Germany‘s Fraunhofer institutes and HVMC is not easily 

accessible due to high cost of support and membership.  

In the UK, substantial efforts have been made to develop regional capabilities to deliver 

north-west pilot however, it is not just established yet like other countries. It is also not clear 

that regional institutions can support the national rollout of ‗Made Smarter Programme‘. 

Institutions like Catapult can play a vital role in this context by establishing a regional 

network and supporting firms across the country to support them in the industrial technology 

diffusion. 

The data has been collected mainly from the manufacturing business established in the 

Yorkshire region. In the UK regional competitiveness; Yorkshire is among localities with an 

average score from 2018 to 2021. Yorkshire is among the worst performing locality in terms 

of competitiveness between the years 2018 and 2021 (Huggins et al., 2021). So it is safe to 

assume that businesses in this region are not performing well in terms of competitiveness and 

‗Made Smarter Programme‘ pilot project is initiated in north-west region, it does not include 

Yorkshire.  

3.2 Online Survey Conduction and Questionnaire Design 

A written survey by means of an online questionnaire has been used for the purpose of 

research. The use of online questionnaires is a pragmatic approach when it is being compared 

to the interview. The advantages of an online questionnaire include lower cost and less 

consumption of time. These days‘ lots of Masters and PhD students are relying on internet to 

conduct their thesis due to the technological advancements. One major advantage that 

outweighs any other disadvantage is the low cost of setting up an online questionnaire. Once 

the online questionnaire is live, researcher can only count the number of participants until it 

reaches the required number of participants. One another advantage is anonymity. 

Participants and research do not need to know each other and participants do not have to feel 

pressure to participate, it increases the honesty. One of the major inevitable limitations to the 

online questionnaire is self-selection bias. It means that respondents who are actually 

interested in the topic will fallout the questionnaire. This bias does not invalidate the results 

but requires careful interpretation of results (Dewaele, 2018). The questions are simple and 

specific in nature to avoid cognitive overload, so Likert scale questionnaires are preferred in 

the questionnaire to obtain maximum number of responses possible. On the downside, simple 
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nature of questions may cause shallowness but it also can be avoided through mixed method 

approach by adding qualitative and quantitative data.        

 The method of choosing online questionnaire has been chosen for the following reasons. 

 Evaluation of the results is anonymous as possible to ensure that all respondents have 

answered the questionnaire with honesty and openness as possible. 

 An automated data collection tool is required to handle large numbers of respondents. 

 The online questionnaire platform is easy to use; respondents can spend 5-10 minutes 

to fill out the questionnaire without any complicated steps. 

 A hyperlink is being used to request the respondents to complete the questionnaire. It 

helps to avoid taking unnecessary storage space within the mailing system of the 

respondents. 

 The online questionnaire has been made easy and convenient to use for the 

respondents in hope of attaining maximum number of participants possible. 

It is also important to highlight any disadvantages of using online questionnaires for the 

purpose of research. Some of the disadvantages are listed below. 

 It is a time consuming and difficult process to program an online questionnaire. A 

specialized online platform ―Microsoft forms‖ has been used to design the online 

questionnaire.  

 There are no high or specific IT skills required to formulate an online questionnaire 

on this platform. The hyperlink allows access to the participants to participate in the 

questionnaire in a digitally secure and protected way. 

 Multiple participation in the online questionnaire can be avoided through built-in 

installed cookies. 

 The identification problem can occur when it is not possible to make sure that the 

invited respondent is participating in the online questionnaire.  

 The return-rate problem can arise when the respondent partially fills the 

questionnaire. 

 Communication problems can arise from asynchrony in between the moment when 

questions arise and answered in the questionnaire. It is also mentioned that the 

clarification can only be asked upon the initiative of the survey respondent. 
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To mitigate the risks associated with the online questionnaire, the following measures has 

been taken apart from pre-testing. 

 Participants were contacted through telephone/WhatsApp. 

 Invitation emails were sent to the participants of the online questionnaire personally. 

 Reminder emails were sent approx. after 2 weeks of the initial contact with the 

participants of the questionnaire. 

 A valid email address was shared to all the participants via online questionnaire in 

case of any questions so that authenticity and validity of the survey can be 

maintained. 

The online questionnaire only contained closed and selection type questions. It helped to 

increase the analysis process of the data collected. In selection type closed ended questions; 

respondents have a choice to select most suitable answer from the pre-defined options. A 

multi-level Likert scale is being used in this research. In this method, possible answers can 

range from agree to disagree and from being neither agree/disagree or neutral. According to 

Wenderoth, (2013) Likert scale type questions are commonly asked and they are quite easy to 

analyse in regard with averages, mean values and standard deviations. Moreover, single 

option questions are also used with pre-defined answers where respondents could select best 

suitable answer from them. 

The questionnaire has been formulated into the following sections. The questionnaire is 

available in the appendix.  

A. Introduction 

An introduction of the researcher and the research has been given in the beginning of the 

online questionnaire. In the introductory part, confidentiality of the respondents has been 

assured and the general availability of the participation in the online questionnaire has been 

acknowledged.  

B. Demographic Information 

In this section, general questions have been asked from the respondents. The questions are 

related to the overall years of experience in the current field, the education level and the 

number of years of experience on a managerial position. 
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C. Organization Information 

In this section basic information regarding the organization has been asked. The questions are 

related to the size of the organization and the use of Industry 4.0 technologies being used in 

the organization. 

D. Readiness of Industry 4.0 Technologies Implementation 

In this section, organization‘s readiness related to the implementation of Industry 4.0 

technologies has been asked. The questions are asked related to the implementation process 

of Industry 4.0 technologies and Industry 4.0 as an organizational strategy. Furthermore, 

questions regarding how long the implementation has been started and a Likert scale to 

evaluate the readiness of an organization against several parameters have been asked. 

E. Overall Equipment Effectiveness (OEE) 

In this section, questions related to OEE in the manufacturing organization has been asked. 

The questions that are asked are related to current OEE level, impact of Industry 4.0 

technologies on OEE and OEE after the implementation of Industry 4.0 technologies. 

Furthermore, a Likert scale has been included to evaluate different variables of OEE against 

the use of Industry 4.0 technologies in the manufacturing organization. 

F. Competitiveness 

In this section, a Likert scale has been given and respondents have been asked to select best 

possible option against various competitiveness factors which fit best to their organization in 

regard with Industry 4.0 technologies. 

G. Circular Economic Strategies 

In this section, questions related to circular economic strategies has been asked. It is known 

fact that the organizations which adopt Industry 4.0 implements some or fully circular 

economic strategies for economic or environmental reasons. The questions are asked related 

to what kind of and how many circular strategies has been used the organization and a Likert 

scale has been given to analyse the impact of using circular economic strategies on the 

organization in respect with Industry 4.0.  
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In the last, there is a question which is an open ended, has been asked if respondents like to 

share their opinion or comment regarding the research. After that there is a thank you note to 

acknowledge the valuable time that they have given to fill out this online questionnaire. 

The questionnaire is subject to evaluation and pre-testing so that maximum output can be 

gained from it. It is important to verify the clarity in the content of the questionnaire. The 

questionnaire has been shared with the available experts and necessary adjustments have been 

made in the light of their comments so that it could be used in an uncomplicated way. Due to 

the diverse nature of the questionnaire, mostly Likert scale questions has been asked as they 

are easy to respond and convenient to attain feedback from the managers. 

The survey was conducted online through Microsoft forms for the purpose of research and 

analysis focusing on production/operation managers and production/operation assistant 

managers. The survey was focused on the production managers and assistant managers so 

that actual data and information related to the role of Industry 4.0 in the manufacturing 

process can be gathered and analysed. The respondents have been identified and contacted 

through their valid addresses and asked to fill out an online questionnaire. It helped to save 

time. In this regard, cooperation is essential form the respondents to fill out the questionnaire. 

Respondents were given ample amount of time to fill out the online questionnaire and were 

asked again for a follow up to make sure if they have filled it out or not yet.  

The phase of online survey through the help of a questionnaire lasted approx. 16 weeks of 

time. The data was collected from the production managers and assistant managers based in 

the UK. In some cases, it took longer to collect data as mangers had limited knowledge about 

the questionnaire. Then the situation and research objectives were explained to them so that 

they could be able to fill out the questionnaire with the most valid answers possible. The total 

communication is conducted in English and there any questions and concerns about the 

questionnaire has been explained and answered, so that they could be fill out the question 

with honest answers possible. The average time that respondents took to complete the online 

questionnaire is 5-10 minutes. In some cases, assistance was offered to the respondents to 

complete the questionnaire.  

Given the nature of the research, manufacturing organizations of all sizes has been targeted in 

the research. The population includes small, medium, and large-scale manufacturing 

enterprises. The online questionnaire is aimed towards the production/operations manager or 
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assistant manager overseeing the manufacturing processes in these enterprises. Wenderoth 

(2013) argues that the size of an organization can be determined through the number of the 

employees or turnover of the organization. It is not a valid criterion to evaluate the size of an 

organization as organizations with a small number of employees can have higher turnover 

than the organizations with large number of employees. There is a relationship between 

innovation activity and the firm size. The innovation activity is termed as innovation output 

and innovation activities per number of employees are termed as innovation rate. The 

innovation rate is a reliable way to measure innovation activity of a firm as it is also weighted 

with industry and firm size (Acs & Audretsch, 1988). The data shows that the large firms 

with at least 500 employees have shown more innovation activity then the smaller sized firms 

in the manufacturing sector. The firms are more innovative because they are capital intensive 

as they invest in R&D, technology to boost their innovation rate while small firms have to 

rely on universities for their R&D projects due to lack of financial resources. Hence, this 

dissertation has been using the size of an organization based on number of employees to 

measure their Industry 4.0 readiness, implementation of Industry 4.0 technologies and 

competitiveness.  

3.3 Sampling and Data Interpretation Approach 

An American based company Dun & Bradstreet has gathered information on manufacturing 

companies from trusted sources working in the United Kingdom. The business directory is 

comprised of 214397 manufacturing companies. A simple random sampling technique is 

being used and sample size is set to be 600. The sample size is chosen from the Yorkshire 

region of England. Some of the major industries have been identified from the business 

directory and random strata sampling method is adopted based on the organization size. 

There are three strata and sample size is divided among them. A random group of businesses 

have been selected to each stratum across various manufacturing sectors by using simple 

random sampling to avoid any bias. The business directory provides the company 

information along with the email addresses of the key decision makers working in different 

capacities. The message with the cover letter is being sent to them along with the gentle 

reminders and requests for their participation. A limited number of respondents share their 

office email and contact numbers as well.   

Sharma (2017) asserts that this approach provides an equal opportunity to each member of 

the population to be selected as the respondent of the research. This approach is considered as 
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a good approach and it involves more work, however, it is much more precise than other 

techniques as well. The sample size was estimated to be approximately 150 to 200 

respondents from manufacturing organizations based on the nature of the research. Canco 

(2017) claims that more than 150 respondents should be sufficient for the purpose of the 

research. Moreover, Hsu et al., (2009) claim that minimum sample size of 146 is suitable 

based on their model and its application on a manufacturing facility located in Taiwan. The 

questionnaire was sent online to managers working in the manufacturing role within the 

selected population.    

The total number of participants who responded was in total 165 and the response rate is 

27.5%. Wenderoth, (2013) claim that the response rate above 15% is classified as good. 

According to Wu et al., (2022) the average response rate of an online survey is 34%. This 

study has below average response rate since there are several factors that affect the response 

rate mainly nature of the topic and type of the respondents.  

Table 3 presents the total sample size and the participation rate of the respondents in this 

thesis. On the other hand, the table 4 shows that the sample size 600 manufacturing firms is 

spread over 23 industries out of 86 with in the UK manufacturing sector.  

Table 3: Sample Size and Participation 

Category Sample 

Size 

Total 

Participation 

Percentage Adjusted 

Percentage 

Small Size 

Enterprises 

200 52 31.1% 31.5% 

Medium Size 

Enterprises 

200 46 27.5% 27.9% 

Large Size 

Enterprises 

200 67 40.1% 40.6% 

Total 600 165 98.7 % 100 % 

Missing  02 1.3%  

Total  167 100%  
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Table 4: Manufacturing Industry Sectors 

Manufacturing Industry Total 

Population 

Total 

Participation 

Animal Food Manufacturing 29 8 

Beverage Manufacturing 42 15 

Computer And Peripheral Equipment Manufacturing 22 14 

Electrical Equipment Manufacturing 14 6 

Basic Chemical Manufacturing 12 5 

Hardware Manufacturing 38 11 

Engine, Turbine, And Power Transmission Equipment 

Manufacturing 33 9 

Industrial Machinery Manufacturing 43 7 

Agriculture, Construction, And Mining Machinery 

Manufacturing 5 1 

Bakeries And Tortilla Manufacturing 31 8 

Dairy Product Manufacturing 27 4 

Cement And Concrete Product Manufacturing 25 12 

Cutlery And Hand tool Manufacturing 16 3 

Footwear Manufacturing 18 5 

Glass And Glass Product Manufacturing 5 2 

Alumina And Aluminium Production And Processing 20 4 

Apparel Accessories And Other Apparel Manufacturing 26 7 

Architectural And Structural Metals Manufacturing 35 4 

Electric Lighting Equipment Manufacturing 19 6 

Medical Equipment And Supplies Manufacturing 30 8 

Metalworking Machinery Manufacturing 23 6 

Motor Vehicle Parts Manufacturing 47 16 

Plastics Product Manufacturing 40 4 

Total 600 165 

One of the basic aims is to adopt evaluation approach to process and interpret the data that is 

most suitable for this research. A two-step approach has been adopted to process the data in 

this research. First step is univariate techniques which are being used to analyse the data in 

the descriptive way. In the second step, bivariate techniques have been used to test the 

hypothesis of this research. 

The data analysis in the descriptive way has been conducted by using univariate techniques. 

It is important to gain valuable information by using single variables and indices. In this 

regard, percentages, diagrams, and tables have been developed. The technique selection has 

been made the way questions measured the data. Moreover, the factors like transparency and 

visualization of data were also considered.  
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Figures are used to illustrate standard deviation and arithmetic mean by using data gathered 

from questions like Likert scale. When the basic population is small, arithmetic mean is 

heavily affected so additionally, median is added. Nominal scaled variables have been 

illustrated to gain deeper insight into the data structure by using absolute and relative 

frequency. Additionally, graphical instruments have been used like pie charts, bar charts and 

point diagrams. Moreover, different indices, diagrams and tables have been used to 

demonstrate complex relationships. 

In the second step of the research, bivariate techniques have been used to illustrate key 

research results. The usage of variables and the statistical techniques have been outlined as 

follows. According to Wenderoth (2013) the validity and operationalization of a hypothesis is 

defined how it is empirically tested. Consequently, indicators have been developed supported 

by the literature. These indicators refer to the target criteria and the collection of results from 

the single indices that is integrated with the indices. 

The statistical method of correlational analysis was used for the purpose of the analysis of the 

hypothesis. Correlational analysis is a statistical technique that is used to examine the scale 

and significance of a relationship. It is used to measure correlations, casual connections, and 

the estimation of prognosis. It is also used to validate structures and logical coherence of the 

developed hypothesis. In simple terms, correlation analysis is being used to test the strength 

and direction of two independent variables. This study has used correlation analysis to 

evaluate the developed hypothesis. 

The descriptive statistics is being used to verify the research while statistical analysis is being 

used to analyse the relationships between different variables and confirm the hypothesis. In 

this regard, data processing has following considerations. 

 In the descriptive statistical analysis, the method is aimed to draw an analysis from 

real business world based on the opinions of professionals. This method is used to 

identify the problem, limitations and consequently define the solutions. The 

descriptive statistical analysis is used to verify the hypothesis and used to analyse the 

general characteristics of the data. However, given the complexity of this research 

with respect to Industry 4.0 and its impact on the manufacturing organizations, other 

statistical methods are also being used. Nonetheless, for nonparametric data, 
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descriptive analysis is used. All these methods are used jointly and/or separately to 

materialize this research study. 

 The statistical tools are being used for the purpose of data processing. The aim was 

to find the evidence to validate the hypothesis and achieve the research goals. Canco 

(2017) claimed that the role of statistics in the research is like a functional tool used 

for designing the research, analysing the data, and drawing the conclusion from it. 

 The data which is being obtained from interviews is a non-parametric data. The 

univariate techniques will be used to analyse the data against the hypothesis.  

 The data collected from online questionnaire is a parametric data and bivariate 

techniques have been used to analyse the data. Software Statistical Package for the 

Social Sciences (SPSS) has been used to analyse the data. All the hypothesis has 

been tested through this software package and their results are validated by the same 

software as well. 

The interpretation of the data is one of the essential and crucial parts of the research. 

According to Canco (2017) interpretation is important for simple reasons which are 

usefulness and utility of research findings; they both lie in the interpretation of the data. 

Kothari (2004) argue that interpretation is an art that can be learned only from patience and 

experience. Deductive and inductive reasoning has been used to conduct in depth analysis of 

the data as much as possible. These methods helped to conclude concrete, stable and realistic 

findings in this study. It is not an easy task to interpret the data in a professional manner, the 

researcher requires enhanced research skills to conduct the research.  

Based on the above discussion, research has been conducted, conclusion has been drawn and 

recommendations have been made. Accepting the challenges in the way of research, it is 

aimed to formulate simple, realistic, and understandable conclusions. This research would 

definitely not help the production managers but also the policy makers working in the top 

management of the manufacturing organizations. 
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4 Results & Analysis 

There are numerous methods that are being used for the purpose of quantitative measure of 

data analysis. However, the Likert scale is one of the popular method among researchers 

(Boone & Boone, 2012). The original Likert scale used 5 responses which were ―Strongly 

Agree‖, ―Agree‖, ―Neutral‖, ―Disagree‖ and ―Strongly Disagree‖. Now different variations 

have been developed over the years which include 7 point and 11 point Likert scale. The 

nature of response options are also varied according to the nature of the research as well. The 

data can be analysed in a composite way or individually however, this study has chosen to 

analyse the Likert scale responses individually according to the developed hypothesis. Likert 

Scale was developed to measure the attitudes that can validated scientifically in 1932. An 

attitude can be defined as behaviour or a reaction to a certain situation and circumstances. 

Joshi et al. (2015) state that the attitude can also be based on the certain ideas and beliefs 

which are based on a subject. The problem that arises that how to measure these attitudes 

based on certain feelings and beliefs over a subject can be resolved with the help of the Likert 

scale. This is a tool which helps to measure these attitudes with a scientific validation. 

According to Joshi et al. (2015), there are two different schools of thoughts with a different 

opinion about how to analyse the Likert scale. One school of thought considers Likert scale 

data to be ordinal while the other school of thought believes that it is interval in nature. The 

question arises whether the points in the Likert scale is equivalent or equidistant. Both school 

of thoughts agree that ―Strongly Agree‖ is not equal to ―Agree‖ however, the conflict arises if 

they are at equal distance or not. It is imperative to answer this question if Likert scale data is 

ordinal or interval before starting the analysis process. The first school of thought claims that 

there is a ranking order in the options available so it must be treated as ordinal. On the other 

hand, the second school of thought claims that the aim of the Likert scale is to analyse the 

composite results so it has to be treated as interval data. It can be concluded based on the 

argument that if Likert scale is being analysed altogether then it is interval but if it is being 

analysed by each item then it is ordinal in nature. 

Guerra et al. (2016) argue that there is a need to apply appropriate statistical tools to measure 

ordinal and interval data accordingly as there are practical implications attached to it. When 

interval data has to be analysed then a parametric approach has to be adopted while in the 

case of ordinal data, a non-parametric approach is more suitable option. It is important that 
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ordinal data should not be treated as interval data but dataset and objectives of the research 

has to be taken into account before making such a decision. It can help to avoid misleading 

results and misinterpretation of results. Allen & Seaman  (2007) insist that Likert scale has to 

treated as ordinal data initially and should not use parametric statistical tools. However, at the 

later stage, parametric tools maybe be used on individual items as a pilot study and also on 

the whole Likert scale. 

4.1 Descriptive Result & Analysis of Respondents 

The data collected in the survey shows in the fig. 7 that more than half of the respondents 

have the professional experience of over 15 years while less than 20% of respondents have 

the professional experience of 10-15 years. A little over 20% of the respondents have the 

professional experience of 5-10 years, however, less than 10% respondents have the 

professional experience of under 5 years. The results have shown that more than 90% of the 

respondents have professional experience of more than 5 years and they have enough 

experience working in the industry.  

Figure 7: Professional Experience 

It can be noted from the results depicted in the fig 8 that roughly 55% of the respondents have 

under 5 years of managerial experience while 15% of the respondents have 5-10 years of 

managerial experience. It can also be observed from the fig. 14 that less than 10% 

respondents have managerial experience of 10-15 years. However, just over 20% of the 

respondents have managerial experience of more than 15 years. The results have shown that 

more than half of the respondents have not much experience in the managerial capacity which 
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also means that they have lot to learn in their respective roles. The lack of managerial 

experience may reflect to the results of the survey however, they have responded to the best 

of their abilities. 

Figure 8: Managerial Experience 

It can be observed from the fig.9 that the almost half of the respondents have attained 

education up to bachelor‘s level however, 40% of the respondents have just graduated high 

school. Moreover, it can also be observed that a little over 10% of the respondents have 

attained the master‘s degree. There were no PhDs in the respondents. It can be analysed from 

the survey that majority of the employees working in the manufacturing sector have high 

school and bachelors level education. Many of the respondents have joined their respective 

organizations as technicians or in a non-managerial roles and being promoted to the 

managerial positions after years of service. 
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Figure 9: Education Level 

The survey had also asked the respondents about their field of education in addition to their 

education attainment level. In the fig. 10, the results have revealed that over 60% of the 

respondents have graduated in the subjects related to social studies. Roughly 30% of the 

respondents have been graduated from engineering sciences while less than 10% of the 

respondents have been graduated from the natural sciences.  

 

Figure 10: Field of Study 

The fig. 11 represents the size of the organization where respondents are being employed. the 

organizations are classified based on their number of employees. The results have revealed 

that the data has been collected from a little over 30% small organizations while just under 

30% organizations are from medium sized organizations. It can be also observed that 40% of 

the respondents are being employed in the large organizations. The results of the survey have 

shown a blended picture of the organization size with respect to the number of employees. 
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Figure 11: Organizational Size 

4.2 Empirical Results & Analysis 

In empirical research correlation determines the changes in the two outcomes. Pearson 

correlation is a popular tool that is being used by the researchers however, Spearman rho is 

another popular tool is widely used in the research community (Liu et al. 2016). Unlike 

Pearson, Spearman rho can be used to determine non-linear relationships. So, Spearman rho 

not only provides similar interpretation as Pearson but also works better on the non-linear 

relationships. According to Schober et al. (2018) Spearman is commonly denoted as ―r‖ 

because of the ordinal data and it is unrestricted to continuous variables as it is robust against 

outliers. The spearman coefficient strength can be analysed as follows. 

          {
            

                
               

} 

The Spearman coefficient ranges from -1 to +l while p=0 means no association between the 

two outcomes. The values close to +1 are considered to be strong positive and values close to 

-1 are considered to be strong negative correlation. Akoglu, (2018) argues that sometimes the 

interpenetration of these correlation coefficient differ based on the scientific research areas. 

There are no definite rules to determine the strength of relationships of two outcomes so 

authors are required to be mindful about their research works. 

According to Sullivan & Artino (2013) the non-parametric tools do not make assumptions 

about the population from where the study data has been extracted. However, a large sample 
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size is required in order to get effective results and outcomes. On the Likert scale, non-

parametric tests like Spearman rho and others should be used instead of the parametric tests. 

Experts suggest that in the Likert scale, sometimes collected data is not normally distributed 

so it is best to use non-parametric tests. Parametric tests are useful only when data is 

normally distributed. On the other hand, Murray (2013) suggests that parametric tests can be 

applied on the Likert scale without any fear of getting wrong results. A study conducted by 

Murray (2013) reveals that parametric (Pearson) and non-parametric (Spearman rho) yielded 

similar results and a similar conclusion has been drawn from their results. The non-

parametric tests are useful option for statistical tests for either nominal and ordinal data as 

these are not dependent on the distribution and neither on the mean, standard deviation or 

variance (Harris et al., 2008). 

The author has made this additional effort to understand these tests in depth if they will affect 

the results or not. The study is using non-parametric test as it will yield no different results 

and it appears to be more suitable for the Likert scale. The lack of understanding about the 

Likert scale cause confusion especially Likert scale responses is the root of the confusion. 

Therefore, these responses have been tested independently and by using nonparametric tests. 

The different opinions can cause doubts in the research, so support from the literature is 

required to validate the statistical tests that are being used here.  

4.2.1 Organizational Size 

The study aims to measure the relationship between the organization size and the Industry 4.0 

technologies. Industry 4.0 is a set of technologies and organizations may or may not 

implement all the smart technologies in their organizations. It is assumed that large 

organizations have a higher tendency for the adaptation of Industry 4.0 technologies while 

small organizations may show restraint due to various reasons. The second hypothesis is 

related to express if a  positive relationship exists between the organizational size and 

implementation of Industry 4.0 technologies. This study has analysed this relationship with 

each & every technology that is included in the Industry 4.0 according to the available 

scientific literature. 

H1: There is a positive influence of organizational size on the time since Industry 4.0 

technologies been implemented. 
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The H1 suggests that the larger the size of an organization will be, the greater the chances 

that they have early adopters Industry 4.0 technologies. It is believed that large organizations 

have enough resources and less obstacles to adopt Industry 4.0 technologies. 

  

Table 5: Organization Size and Industry 4.0 Adoption Time 

 

The results shown in the table 5 shows a positive significant relationship between the 

organization size and the adoption time of Industry 4.0 technologies. Although the strength of 

the relationship is weak, the importance of organization‘s size cannot be ignored completely. 

This relationship shows that the large organizations are tend to the early adopters of the 

Industry 4.0 and on the other hand, smaller sized organizations tend to be the late comers in 

the adoption of Industry 4.0 technologies. So, this study accepts the first hypothesis based on 

the results. The lack of readiness and un-fulfilment of the prerequisites are the potential 

causes of the weak relationship. Early adaptors of the Industry 4.0 implementation within 

their manufacturing not only gain lead in the competition but also gain a competitive 

advantage as an early adaptor. Organizations who adopt change at a slower pace or later lag 

behind in the competition especially in terms of technology.  

H2: There is a positive influence of organizational size on the implementation of Industry 4.0 

technologies. 

According to  Ejaz (2022) the technologies that are included in Industry 4.0 are robots, 

virtual/augmented reality, Internet of Things, 3D printing, Big Data, Cloud Computing, 

Simulations and ERP. The results that are being showed in the table 7 indicates that there is a 

positive relationship between organization size and ERP, Big Data and Cloud Computing 
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independently but Internet of Things have shown a negative relationship with the 

organization size. It is also important to mention that the strength of the relationship is weak 

with the ERP while it is moderate with the Big Data and Cloud Computing. On the other 

hand, there is no relationship has to be found between organization size and 3D Printing, 

Simulation, virtual/augmented reality and robots. 

The positive relationship that has to be found in only 4 technologies is also positive weak 

while Internet of Things have shown negative relationship with respect to the organization 

size. It can be concluded by the results that organization size is likely to be the reason for the 

implementation of the Industry 4.0 technologies. Organizations may adopt these technologies 

based on different reasoning. This study rejects the H2 and accept the alternative which is 

that organization size has nothing to do with the Implementation of Industry 4.0 technologies. 

It may play a small-scale role but not significant enough to accept the H2. 

According to Sony (2020), the implementation of Industry 4.0 results in the horizontal and 

vertical integration of the organization. The change in the architectural design of the 

organization comes at a high cost. The breakeven point may come in the long term but 

initially the cost is so high that many organizations are forced to reconsider their decisions 

regarding implementation of Industry 4.0. Sony, (2020) says that the effectiveness of Industry 

4.0 varies due to the size and location of the organizations. These academic findings are 

consistent with the results of the dissertation as there is no relationship between Industry 4.0 

and organization Size. It is difficult for small and medium enterprises to implement Industry 

4.0 due to insufficient financial capital. Moreover, the results shown in table 7 prove that 

there is a significant positive relationship between organization size and financial capacity. It 

can be deduced from the results that financial capacity is a major obstacle for organizations 

on their way to the implantation of Industry 4.0. This implementation brings a huge change in 

the 

Figure 12: Cluster Industry 4.0 Technologies Implementation 
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architectural design of the business and not every organization is ready to take this step. 

The K-Means cluster analysis depicted in the fig. 12 tells that the values of Industry 4.0 

technologies lie slightly below the mean in the cluster 1 while the values are higher than the 

mean in the cluster 2.  The variables are being standardized to get accurate results for the  

clusters. In table 6, the ANOVA test tells that ERP, Simulation and Robots have no 

significant impact on the cluster and their F values are also low. The variables with elevated 

F values are cloud computing, internet of things and big data. They have the most significant 

impact on the cluster Industry 4.0 technologies implementation. Augmented/virtual reality 

and 3D printing also have a significant impact on the cluster however their significance level 

is low due to the low F values. 

  

Table 6: ANOVA Results of Cluster Industry 4.0 Technologies Implementation 
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Table 7: Spearman rho test for organization size & Industry 4.0 Technologies Implementation 
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Table 8: Spearman rho test for organization size & Industry 4.0 Technologies Readiness 
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The third hypothesis aims to identify a relationship between organizational size and Industry 

4.0 readiness of the organization. According to Ejaz (2022) organizations need to follow a list 

of prerequisites so that they could assess if they are ready to implement Industry 4.0 

technologies or not. The scientific literature also shows that most of the organizations fail to 

achieve desirable results due to their lack of readiness. The H3 aims to determine if 

organization size has to play a role in the readiness of an organization for the implementation 

of the Industry 4.0 technologies. The results are given in detail in table no. 8 Hypothesis no. 3 

is given below. 

H3: There is a positive influence of organizational size on the organizational readiness for 

Industry 4.0 technologies. 

The results indicates that prerequisites include Financial Capacity and Technical Capabilities 

have significant positive relationship with organization size independently while the strength 

is moderate. On the other hand, prerequisites include Installed Certified Hardware, Firewall 

Data Security, Awareness of Limitations, Manufacturing Knowledge SOPs and Production 

Ordering & Scheduling Capacity Software have a significant positive relationship with 

organization size independently but their relationship strength is weak. The prerequisites like 

System Integration for Interoperability has shown as negative relationship with the 

organization size. Whereas, Professionally Trained Workforce, High Speed Internet 

Networking and Thorough Mapping of Operational Processes have a no relationship with the 

organization size independently.  

There are in total 11 perquisites of Industry 4.0 readiness that have been tested against 

organization size individually and 8 of them show that organization size does have a 

significant role in the readiness of the Industry 4.0 technologies. The literature on this topic 

suggests that these prerequisites have to be completed before the implementation of Industry 

4.0 technologies otherwise the organizations may not achieve the expected benefits. The 

result of H3 confirms that organizations have acknowledged the need of the fulfilment of 8 of 

these prerequisites. Therefore, the study accepts the H3 as there is a positive relationship 

exists between organization size and Industry 4.0 readiness.  

However, all the prerequisites are equally necessary to complete before the implementation 

of Industry 4.0 technologies. So, it is suggested that organizations are not yet ready enough to 

implement Industry 4.0 technologies if they fail to complete all the aforementioned 
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prerequisites. There is a greater probability that the implementation of Industry 4.0 

technologies would be fruitless. It is important to note that organization size helps in the 

Industry 4.0 technologies readiness but organization size has nothing to do with the Industry 

4.0 technologies implementation. The Industry 4.0 technologies implementation is solely 

based on the manufacturing and operational requirements of the organization. These 

requirements are independent of the organization size so, that is why there is no significant 

relationship between them. 

K-Means cluster analysis has been conducted for the prerequisites of Industry 4.0 readiness. 

The respondents are divided into two clusters after the prerequisites are standardized to attain 

accurate results. It can be observed from the cluster 1 that responses deviate downwards from 

the mean while in the cluster 2 the responses are slightly deviated in the upward direction 

from the mean from the fig. 13. Furthermore, in the table 9, the ANOVA tests have been 

conducted on the prerequisites to test their significant impact on the cluster Industry 4.0 

readiness. The results tell that all the prerequisites have significant impact in differentiating in 

the clusters. It can be observed form the F values, prerequisites like firewall for data security 

and awareness of limitations has the most significant impact on the cluster separation.  

Figure 13  Cluster Industry 4.0 Technologies Readiness 
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4.2.2 Overall Equipment Effectiveness (OEE) 

H4: There is a positive relationship between OEE and the Industry 4.0 technologies. 

In manufacturing organizations, OEE is a tool that is being used to measure the performance 

of the machines. These machines are measured on six different criteria under the OEE. It is 

believed that the implementation of digital technologies within the context of Industry 4.0 

would have a significant positive impact on the OEE of a firm. The results of H4 are given in 

the table 10a which shows that there is no relationship at all between the OEE and Industry 

Table 10a: Change in OEE and Industry 4.0 Technologies 

Table 9 ANOVA results of Cluster Industry 4.0 Technologies Readiness 
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4.0 technologies. Since the research fails to prove any relationship between any change in 

OEE and Industry 4.0 technologies. So, change in OEE has been analysed along with the 

Industry 4.0 technologies independently. The results are shown in the table 10b and it can be 

seen that only one technology Internet of Things, has shown a positive significant 

relationship with the change in the OEE.  

The study further attempts to examine the results depicted in the table 11a. So, the study tests 

the current OEE with the Industry 4.0 technologies along with its adoption time. The results 

are portrayed in the table 10b and current OEE has shown a positive significant relationship 

with both Industry 4.0 technologies implementation and their adoption time. However, the 

strength of the relationship is weak but it is proven that the time duration of the adoption of 

Industry 4.0 technologies have an impact on the current OEE. Moreover, the implementation 

of Industry 4.0 technologies has also shown a relationship with the current OEE. One 

possible explanation is that since current OEE has been already increased after the 

implementation of Industry 4.0 technologies however, the extent of increase is slight, so the 

results in the table 10a are insignificant. 

The results in table 10c present a clear picture about the impact of Industry 4.0 technologies 

over the OEE, as now it is known that not every technology positively impacts the machines 

to increase the performance. The Internet of Things is the only technology that affects the 

performance of machines in a positive way. So, now it is also proven that one of the 

technology that belongs to Industry 4.0 positively affects the OEE. The manufacturing 

organizations need to digitise their machines with Internet of Things to get enhanced 

performance. However, Industry 4.0 technologies fail to bring a change in the OEE. Gruber 

Table 10b:  Current OEE and Industry 4.0 Adoption Time 
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(2013) argue that a technology by the name of FORCAM based on Industry 4.0 helped to 

improve OEE of elite companies by 25%. Some of the companies include Daimler 

(Mercedes-Benz), Audi, BorgWarner and Weir Minerals.  

FORCAM is a shop floor management technology which aims to inflate the OEE of 

companies in the first year of its implementation. This product is aimed at converting a 

conventional factory into a digital/smart factory and it works on the principles of Industrial 

Internet of Things (IIoT). FORCAM is a world leading IT solution provider to manufacturing 

companies in the area of production control and IIoT. They are bringing change to the 

manufacturing companies by improving their OEE. The results of the dissertation are 

consistent as only IoT proves a positive relationship with the change in the OEE. The 

findings from the study and Industry are consistent so it can be deduced from the results that 

only IoT has the potential to improve OEE in the manufacturing companies. 

Table 10c OEE and Industry 4.0 Technologies 
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The results of the study are concurrent to the findings delivered by the FORCAM as it can 

been in the table 10c that Internet of Things have a significant weak positive relationship with 

the change in OEE before and after the implementation of Internet of Things which is a one 

of the Industry 4.0 technology. The results of the tables 10a, 10b and 10c show that Industry 

4.0 technologies as a whole cannot change OEE to a significant level so H4 is stand rejected. 

Now Industry 4.0 technologies have tested against the six factors of the OEE. Since OEE 

fails to establish any relationship with change in OEE so it is also highly likely that results 

from the OEE variables will also be similar to the previous results. The hypothesis from H4.1 

to H4.6 are being developed to see if there is any relationship between Industry 4.0 

technologies and OEE six variables exists or not. The hypothesis from H4.1 to H4.6 is given 

below. 

H4.1: There is an inverse relationship between Industry 4.0 technologies and downtime. 

H4.2: There is an inverse relationship between Industry 4.0 technologies and setup time. 

H4.3: There is an inverse relationship between Industry 4.0 technologies and defective 

products. 

H4.4: There is an inverse relationship between Industry 4.0 technologies and performance 

loss. 

H4.5: There is an inverse relationship between Industry 4.0 technologies and speed losses. 

H4.6: There is an inverse relationship between Industry 4.0 technologies and 

planned/unplanned stoppages. 

It can be clearly seen from the table 10a that Industry 4.0 technologies have failed to establish 

any relationship with the any of the factors of the OEE independently however, this study 

manages to establish a weak positive relationship between Current OEE and the 

implementation of Industry 4.0 technologies. It appears to be inconclusive, so therefore, the 

research rejects the hypothesis from H4.1 to H4.6 as well. However, there are some other 

interesting positive relationships that the study has unearthed and brought them to light. 

Decreased downtime has showed a positive significant relationship with decreased setup time 

and decreased speed losses. Moreover, decreased setup time has shown a positive relationship 
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with decreased defective products. Furthermore, decreased defective products have shown a 

positive significant relationship with decreased performance losses and decreased planned & 

unplanned stoppages separately.  Additionally, decreased performance losses has a positive 

significant relationship with decreased speed losses. Also, decreased speed losses have a 

significant impact on the decreased planned & unplanned stoppages. Likewise, decreased 

performance losses have a significant impact on the decreased planned & unplanned 

stoppages.  

The research tries to determine the causes of the failure of hypothesis from H4.1 to H4.6 and 

in this regard, further testing has been done and results can be seen in the table 11. The results 

show that the adoption time of Industry 4.0 technologies has a significant weak positive 

relationship with the decrease in the performance loss. Performance losses occurs due to 

idling and minor stoppages which are caused when machines are idle or temporary 

malfunctioned. These results are depicting a clear picture now. OEE variables take time to 

improve and provide results to the significant level. Hedman et al. (2016) mention that even 

though OEE is well defined in the literature however, companies tend to interpret the loss 

factors in OEE  in various ways. Moreover, extremely high level of accuracy in data 

collection is also required in order to attain fair results. It is also important to mention that 

surrounding environment and the actions of the machine operators also affect the OEE. 

Production planning and control policies of the companies can handle these kind of issues in 

a better manner.  
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Table 11: Industry 4.0 Adoption Time and OEE variables 

 

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). 

 

 Industry 4.0 Adoption Time 

Decreased Downtime 

 

Correlation Coefficient .048 

Sig. (2-tailed) .555 

N 156 

Decreased Setup time Correlation Coefficient .042 

Sig. (2-tailed) .612 

N 151 

Decreased Defective Products 

 

Correlation Coefficient -.031 

Sig. (2-tailed) .701 

N 157 

Decrease in Performance Loss Correlation Coefficient .204* 

Sig. (2-tailed) .011 

N 156 

Decreased Speed Losses Correlation Coefficient -.001 

Sig. (2-tailed) .995 

N 155 

Decreased Planned & Unplanned 

Stoppages 

Correlation Coefficient -.044 

Sig. (2-tailed) .589 

N 156 
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The OEE variables are divided into 3 clusters by using K-Means clustering after 

standardizing the variables in order to attain accurate results. In the fig 14, cluster one shows 

that the values are slightly below the mean, however, values are above the mean in the cluster 

2. On the other hand, in the cluster 3, decreased downtime and decreased setup time are 

slightly below the mean while others are higher than the mean value. In the table 12, it can be 

seen that all the variables have a significant impact on the cluster OEE. The F values indicate 

that decreased down time has the highest level of significant impact on the clusters while 

decreased set up time, decreased speed losses and decreased unplanned/planned stoppages 

Table 12: ANOVA results of Cluster OEE 

Figure 14: Cluster OEE 
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have moderate levels of significance. However, decreased defective products and decreased 

performance loss has the lowest significant influence on the clusters.    

4.2.3 Competitiveness 

One of the major reasons why organizations implement Industry 4.0 technologies is to 

achieve manufacturing competitiveness at the organization level. The hypotheses from H5.1 

to H5.9 aim to determine the significant impact of Industry 4.0 on competitiveness and 

different variables. However, H5 is aimed to determine if there is any significant impact of 

Industry 4.0 technologies on the competitiveness overall.  

The hypotheses ranging from H5 and H5.1 to H5.9 are given below.   

H5: There is a significant impact of Industry 4.0 technologies on competitiveness 

H5.1: There is a significant impact of Industry 4.0 technologies on reduction in resource 

usage 

H5.2: There is a significant impact of Industry 4.0 technologies on reduction in production 

cost 

H5.3: There is a significant impact of Industry 4.0 technologies on increased manufacturing 

capabilities 

H5.4: There is a significant impact of Industry 4.0 technologies on increased R &D 

H5.5: There is a significant impact of Industry 4.0 technologies on increased product quality 

H5.6: There is a significant impact of Industry 4.0 technologies on increase mass 

customization 

H5.7: There is a significant impact of Industry 4.0 technologies on increased operational 

efficiency 

H5.8: There is a significant impact of Industry 4.0 technologies on flexible manufacturing 

process 
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H5.9: There is a significant impact of Industry 4.0 technologies on more flexible product 

design 

The linear regression analysis has been conducted and it can be observed from the table 13 

that there is a significant impact of Industry 4.0 technologies on competitiveness. The results 

shows p-value = 0.05 so we accept H5 and conclude that Industry 4.o significantly impact 

competitiveness and it‘s dependent on the Industry 4.0 technologies. 

Table 13: Industry 4.0 Technologies Implementation & Competitiveness Variables  

 B t p-value 

Industry 4.0 Technologies -.596 -2.844 .005 

 R Square F (1, 148)  

 .052 8.090  

a. Dependent Variable: Competitiveness 

*p-value ≤ 0.05 

So, each of the Industry 4.0 technology has been also tested with each competitiveness 

variable independently to dig deep to see if there is any significant impact of each of the 

industry 4.0 technology on any of the competitiveness variable. The results can be seen in the 

table 15 below. The results in the table 14 shows that none of the Industry 4.0 technologies 

has an impact on the reduction in resource usage, reduction, increased manufacturing 

capabilities, increased product quality and increased operational efficiency. ERP seems to 

have a significant impact on the reduction in the production cost. The results also show that 

Big Data and Robots have also a significant impact on the increased R & D. It can also be 

seen that Robots also have a significant impact on the increased mass customisation. ERP, 

Cloud Computing, 3D printing, Simulation and Robots have significant impact on the flexible 

manufacturing process. Last but not the least, 3D printing and Robots also have significant 

impact over the more flexible product design.  

The overall picture of table 14 depicts that Industry 4.0 technologies have a meaningful 

impact on flexible manufacturing processes and more flexible product designs. It can be 

deduced that if a manufacturing firm wants to build competitiveness based on these variable, 

the firm will most likely to be successful. It can also be observed from the table 13 that the 

dissertation has also accepted the p-values between 0.05 and 0.1. It is more likely that these 

variables have a weak significant impact and it cannot be ruled out as insignificance. 
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Table 14: Industry 4.0 Technologies Implementation & Competitiveness Variables 

 Reduction in 
Resources Usage 

Reduction in 
Production Cost 

Increased 
Manufacturing 
Capabilities 

Increased R&D Increased Product 
Quality 

Increased Mass 
Customisation 

Increased 
Operational 
Efficiency 

Flexible 
Manufacturing 
Process 

More Flexible 
Product Design 

 B t p-
value 

B t p-
value 

B t p-
value 

B t p-
value 

B t p-
value 

B t p-
value 

B t p-
value 

B t p-
value 

B t p-
value 

ERP -
.026 

-
2.15 

.830 -
.278 

-
2.091 

.038 -
.155 

-
1.09 

.275 .155 .836 .404 -
.036 

-.262 .794 -
.069 

-
.308 

.759 -.064 -
.424 

.672 .448 2.22 .028 -.032 -
.087 

.931 

Big Data .010 .084 .933 .045 .357 .722 -
.072 

-
.528 

.598 -
.309 

-
1.74 

.084 .096 .726 .469 .167 .775 .440 .043 .300 .764 -
.058 

-
.296 

.767 .522 1.48 .139 

CC -
.045 

.355 .723 -
.150 

-
1.113 

.268 -
.143 

-
.995 

.321 .063 .333 .740 .020 .143 .887 -
.011 

-
.050 

.960 -.036 -
.234 

.816 -
.455 

-
2.21 

.028 -.480 -
1.29 

.197 

3DP -
.046 

.388 .699 -
.053 

-.425 .671 -
.069 

-
.520 

.604 -
.192 

-
1.10 

.270 .082 .628 .531 -
.207 

-
.992 

.323 -.121 -
.868 

.387 -
.564 

-
2.99 

.003 -
1.088 

-
3.20 

.002 

IoT .022 .193 .848 .190 1.585 .115 -
.049 

-
.381 

.703 -
.150 

-
.887 

.377 -
.205 

-
1.615 

.108 -
.130 

-
.644 

.521 .081 .595 .553 -
.143 

-
.784 

.434 .424 1.28 .201 

Simulation -
.067 

-
.529 

.597 -
.146 

-
.1.092 

.277 -
.117 

-
.826 

.410 -
.005 

-
.029 

.977 .176 1.245 .215 -
.264 

-
1.17 

.242 .109 .723 .471 -
.372 

-
1.83 

.068 .308 .884 .401 

V/A 
Reality 

-
.050 

-
.301 

.764 -
.053 

-.306 .760 .003 .014 .989 .158 .660 .510 .021 .119 .905 -
.411 

-
1.42 

.157 -.117 -
.607 

.545 .408 1.56 .119 -.009 -
.020 

.984 

Robots .029 .248 .804 .067 .533 .595 -
.024 

-
.179 

.858 -
.386 

-
2.18 

.031 -
.040 

-.303 .762 -
.537 

-
2.53 

.012 .098 .692 .490 -
.337 

-
1.76 

.080 -.784 -
2.27 

.024 

 R 
Sq. 
 

F (8, 151) R 
Sq. 

F (8, 149) R 
Sq. 

F (8, 150) R 
Sq. 

F (8, 150) R 
Sq. 

F (8, 149) R. 
Sq. 

F (8, 150) R.Sq. F (8, 151) R. 
Sq. 

F (8, 150) R.Sq. F (8, 150) 

 .006 
 

.105 .061 1.217 .044 .855 .074 1.495 .037 .710 .105 2.209 .014 .264 .198 4.631 .116 2.464 

a. Reduction in Resources Usage b. Reduction in Production Cost                c. Increased Manufacturing Capabilities d. Increased R&D e. Increased Product Quality                f. Increased Mass Customisation            

g. Increased Operational Efficiency                                        h.  Flexible Manufacturing Process                      i. More Flexible Product Design 

*p-value ≤ 0.05
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Simulation also establishes a negative relationship with increased mass customization and 

flexible manufacturing process while it fails to establish any relationship with others. Virtual 

& Augmented Reality has established a negative relationship with increased mass 

customization. Though, they fail to prove any relationship with other variables. Collaborative 

Robots have established a negative relationship with increased R&D, increased mass 

customization and more flexible product designs independently. However, it fails to establish 

any relationship with the other variables. Based on the discussion above and results, we can 

conclude that H5.4, H5.6, H5.8 and H5.9 are accepted. 

K-Means cluster analysis on the competitiveness variables has been conducted and it can be 

seen in the fig. 15. The competitiveness variables have been standardized first to gather more 

accurate results. It can be observed from the graph that there is least deviation in variables in 

the cluster 1. However, variables is most deviation has to be found the cluster 2 while cluster 

3 has a moderate level of deviation among the variables. 

 

The ANOVA table expresses the significance of the variables on the competitiveness cluster. 

It can be seen in the table 16, that all the variables have a significant impact on the cluster 

competitiveness while increased product quality does not have a significant impact in the 

Figure 15 Cluster Competitiveness 
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cluster competitiveness. The F value tells us the more flexible design has the most significant 

impact on the cluster separation as compared to all other variables. 

 

4.3 Impact of the Results on the Literature 

The hypothesis from H1 to H3 confirms that there is a strong relationship between the 

organization size and Industry 4.0 readiness, adoption and implementation of the 

technologies. These results are in aligned with the prior studies that large organizations tend 

to adopt and implement Industry 4.0 technologies sooner than their fellow SMEs due to 

availability of resources and workforce. The nature of Industry 4.0 technologies is 

complicated and it demands a thorough analysis if an organization‘s size in terms of 

workforce and productivity. Even within the manufacturing sector, the broad spectrum of 

manufacturing areas complicates the use of the technologies at times. Although organization 

size is not part of the primary literature it is important to analyse if organization size can play 

an important role in the adoption and implementation of Industry 4.0 technologies or not. In 

this case, organizations need to be big enough to implement industry 4.0 technologies so that 

it could be translated into sustainable competitiveness.  

Table 15: ANOVA results of Cluster Competitiveness  
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OEE is one important metric to measure equipment effectiveness in a manufacturing 

environment. It is also vital to obtain operational competitiveness for a manufacturing 

organization. The results of the thesis indicate that there is no correlation between Industry 

4.0 and OEE. Moreover, the thesis failed to establish any correlation among Industry 4.0 and 

any of the variables of the OEE. Hence rejecting hypothesis from H4, g4.1 to H4.6 in 

accordance with the results is the only option. However, these results do not align with the 

present literature. The literature suggests that the technology infusion should improve 

operational competitiveness. The closer look at the results reveals that the Industry 4.0 

technologies do have a significant correlation with the OEE variables individually. However, 

this correlation is not strong and significant enough to make an overall impact on the results. 

One possible reason might the sample size is based on a broad spectrum of the manufacturing 

firms within the manufacturing sector. 

The literature also focuses on the challenges and limitations that OEE brings with it towards 

the manufacturing organizations. There are several internal and external factors that can limit 

the OEE even after the implantation of the Industry 4.0 technologies. A bottleneck in one 

single piece of equipment can slowdown the whole production line and cause the unplanned 

stoppages, performance loss and speed loss. If one variable is disturbed significantly, it can 

bring down the whole OEE percentage and it can lose the significant change that one is 

hoped. 

The regression analysis has been done to test the hypothesis H5, H5.1 to H5.9 shows that 

overall competitiveness is dependent on the Industry 4.0 technologies. It does perfectly align 

with the literature reviewed as well. The thorough analyses of the data reveal which variables 

have the impact from which type of Industry 4.0 technology. The flexible manufacturing 

process is the one which shows the most significant impact of Industry 4.0 technologies in 

this regard. It can be deduced that manufacturing firms under question are more interested in 

developing operational competitiveness in terms of flexible manufacturing process. This also 

explains why operational efficiency has not impacted by the Industry 4.0 at all as it is also 

related to the OEE. The results related to OEE also seem to be insignificant as well.    
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5 Recommendations & Suggestions 

The study has devised some suggestions and recommendations for the managers working in 

the manufacturing organizations in the light of the findings of this study. This study has also 

devised few suggestions and recommendations for the policy makers or the top management 

of the manufacturing organizations. These recommendations are related to the manufacturing 

practices in the organizations and their approach towards the improvement in the context of 

Industry 4.0 implementation. 

5.1 Recommendations for Managers 

The results of the thesis have shown so far that organizations size, Industry 4.0 readiness of 

the organization play an instrumental role in achieving a significant OEE score and 

operational competitiveness. There are several factors that are as crucial as the 

implementation of Industry 4.0 technologies. There are some recommendations formulated 

by the thesis in the light of the results.     

 Managers are required to adopt best suited technologies for their manufacturing needs 

as proven in the results shown in table 7. 

 The financial capacity of the organizations has to be developed so that organizations 

could implement Industry 4.0 technologies. These technologies require large 

investments as it is also proven in H3. Long terms strategies can help organizations to 

allocate funds for this purpose. 

 Technical capabilities are another major concern for the managers. When a 

technology helps to increase the volume of the production then other related 

departments should be equipped to handle the inflated production otherwise it would 

create a bottleneck in the production line. 

 Managers are required to address the issue of technical capabilities not only by 

purchasing modern equipment but also through purchasing software packages to run 

the equipment. 

 Managers should do a thorough mapping of manufacturing process based on results 

given in table 8. It should be done to decrease the operational limitations. 

 Managers need to develop interoperability in the operational processes after the 

implementation of Industry 4.0 technologies based on results given in table 8 
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 Managers should realize the fact that OEE will not improve by just incorporating 

Industry 4.0 technologies. Study suggests that IoT is best recommended to improve 

OEE for the manufacturing organizations. 

 Managers should know that there might not be a significant relationship between IoT 

technologies and six dimensions of OEE separately but collectively there is proven 

significant relationship based on the results shown in table 10c.  So, managers are 

advised to improve all the dimensions of OEE so that a significant change in OEE 

could be seen. 

 The study proves H5 as there is a significant impact of Industry 4.0 technologies over 

competitiveness. The managers should focus on the flexible manufacturing process 

and flexible product designs to obtain competitiveness within their manufacturing 

environment.   

5.2 Limitations of the Study 

A scientific research is exhaustive in nature and number of obstacles is part of every research 

project. In the scientific research when it is interdisciplinary in nature and it involves valuable 

information from the industry then numbers of limitations may increase to the drastic level. 

In some cases, number of limitations is greater in number but in some cases, number of cases 

is few but they are hard to cope and there are chances that they might affect the quality of the 

study. The topic of Industry 4.0 is still an evolving topic and new dimensions related to the 

Industry 4.0 are yet to be explored. There is always a room for future researchers to take this 

research one step ahead for the betterment of academia and Industry. This study was first of 

its nature where impact of Industry 4.0 technologies has been analysed along with various 

factors on OEE and manufacturing competitiveness. 

The managers are still sceptical about the Industry 4.0. There is a between the university 

scholars and the managers working in the industry. This knowledge gap also created 

limitations which can only be reduced by knowledge sharing. On the other hand, there are 

several ways to cope with the limitations to ensure the integrity of the research to the 

optimum level. This study also has few limitations and author has done the best job to his 

abilities to conduct the research. A list of notable limitations is given below.  

 Online questionnaire has restricted reach to the respondents as it causes low response 

rate. 
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 Questionnaire with adequate size is used to reach respondents online, long 

questionnaire discourages the response rate. 

 Long questionnaires with high response rate could have helped to gather more 

information in depth.   

 UK manufacturing sector is chosen conduct my research to eliminate the language 

barriers and developed few connections as well in the manufacturing organizations 

with the help of friends and family living in the UK. In this regard, a survey from 

German manufacturing sector in local language would have been useful to gather 

data and would have provided an insightful comparative study.     

 Lack of trust and willingness was also major limitation in the research process. 

Several managers did not even open the link just because they did not trust it since 

they thought it might be a scam or something else. Upon realizing the issue, I had to 

assure them that they can trust this link as it will help me if they fill out the online 

questionnaire. 

 The manager‘s credibility was another limitation so, the study promised complete 

anonymity to the managers. It helped to get them filled the questionnaire to the best 

of their knowledge and experience. 

5.3 Contributions of the Study 

The thesis is first of its than that has emphasized on the importance of the Industry 4.0 

technologies readiness and its impact on the organizations in terms of digital transformation, 

OEE and manufacturing competitiveness in the UK manufacturing sector. This study has 

contributed by offering its theoretical and methodological findings through the research. 

These findings are so important that they prove to be the crucial for the managers working in 

the organizations as it will clear any myths about technology or Industry 4.0. There are also 

eye-opening results for researchers also as several concepts that we had developed about 

Industry 4.0 and its implications have been proven otherwise and new information has come 

to light in this field of research. 

In the empirical findings, first of all it has been noted that the size of the organization plays a 

significant role in the adaptation of various Industry 4.0 technologies. It has also been 

observed that size of the organization has also an impact of the degree of the readiness of the 

organizations in order to implement Industry 4.0 technologies. Large size organizations have 
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a greater chance to achieve the required level of readiness as compared to small or medium 

sized organizations. The thesis has proved the significance of Industry 4.0 readiness by the 

fulfilment of the prerequisites. There is a positive correlation between large size 

organizations and Industry 4.0 readiness prerequisites. The empirical research also proves 

that one of the Industry 4.0 technology which is IoT have a significant positive impact on the 

OEE. Since OEE measures the equipment efficiency and improvement in OEE can lead to 

operational efficiency. In the theoretical findings it is proven that technology did bring 

competitiveness in terms of operational efficiency. The results have showed that Industry 4.0 

technologies have established a significant impact on competitiveness. Further analyses have 

revealed that flexible manufacturing process and flexible product design. It also supports the 

theoretical findings that the competitiveness based on Industry 4.0 only will diminish over 

time so; it should be implemented along with society, industry, government and academia to 

achieve sustainable competitiveness. The manufacturing competitiveness goals may vary 

across the sector and also within the manufacturing sector. This study enlightens us with the 

fact that the organizations that have acquired Industry 4.0 technologies recently have their 

focus on flexible manufacturing processes and flexible product designs.    

The dissertation which is titled ―Transformative Impact of Industry 4.0 Technologies on the 

UK Manufacturing Sector‖ aims to present new avenues and dimensions in this research 

field. The theoretical and the empirical findings of the study provides a way forward for 

potential future studies in this research domain and help the researchers in the future. 
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6 Conclusion 

Industry 4.0 is termed as the fourth industrial revolution that has been digitally transforming 

the world since its inception in 2011. It is a concept originated in Germany and now few 

other countries have also started to the first step in the age of digital transformation by 

initiating their own initiatives. The automations of industrial equipment to enhance 

operational efficiency along with competitiveness, flexible production process and OEE is an 

ultimate goal of several manufacturing organizations by the adaptation of Industry 4.0 

technologies.  

The digital transformation is significantly dependent on the readiness of the organizations 

regarding Industry 4.0. There is a list of prerequisites that are extracted after the extensive 

literature review. These prerequisites are necessary for every organization to follow as they 

will ensure that the organization is ready to implement the Industry 4.0 technologies. A 

theoretical model has been developed to measure the readiness of the organization in order to 

implement Industry 4.0 technologies. The empirical results of the study have also proved that 

these prerequisites are important for the organizations in order to implement Industry 4.0 

technologies. Prerequisites like financial capacity, technical capability, certified hardware, 

data security, awareness of limitations, knowledge of manufacturing SOPs, production 

planning, schedule capacity and integration of systems for interoperability have proven vital 

in organizational readiness. When organizations develop the strategy to implement Industry 

4.0 technologies, they must work on these prerequisites first and evaluate their degree of 

readiness with the help of the theoretical model. It will help the organizations to make 

profitable decisions.  

The first and initial goal of the organizations after the successful implementation of Industry 

4.0 is to increase the OEE of the manufacturing facility. The increase in demand and other 

factors force machines to work for long hours that also increases scheduled and unscheduled 

stoppage times for maintenance. It reduces the effectiveness of equipment as well by 

consuming more resources than they should and producing defective products. This all leads 

to low OEE and this problem can only be resolved through the implementation of the right 

Industry 4.0 technologies. OEE is a performance measurement tool that an organization uses 

to evaluate the effectiveness of their equipotent. Literature and empirical evidence have 

showed that only IoT has the potential to affect the OEE significantly. Organizations should 
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implement IoT based technologies to enhance their OEE if it is their goal for their 

manufacturing facilities. Higher OEE might be used as a competitive edge however, not for 

long until their competitors does the same and, hence eliminating their competitive edge.  

The digitalization of manufacturing is important to achieve sustainable manufacturing for the 

organizations. There are numerous challenges related to manufacturing that are being faced 

by the organizations these days and these challenges are mostly related to operational 

efficiency, OEE, competitiveness , flexible manufacturing process and flexible product 

designs. There is no doubt that the Industry 4.0 technologies help organizations greatly in the 

domain of manufacturing  and this is the basic aim of this study to explore all of these above 

said dimensions in terms of literature review and the empirical evidence. The research in this 

field has given us some unexpected results. The expectations were based on the literature 

review findings. However, empirical data contradicts some of the existing literature and new 

results have been contributed in this research field related to Industry 4.0 and its impacts 

OEE. OEE is a measurement mechanism that is being used for maintenance and/or 

performance improvement of the equipment. There are several external and internal factors 

that might hinder the results and     

The study has also presented theoretical models for degree of digital readiness for 

organizations and competitiveness of organizations based on the operational efficiency. 

These are valuable contributions to the existing literature. Competitiveness is a wide subject 

itself however, this study explores the aspects of competitiveness related to Industry 4.0 

technologies. Knowledge management is a key to find a perfect balance and some call it a 

strategic fit for an organization which can only be achieved through years to research and 

collaboration with other institutions like society, government, environment, industry and 

academia. It is known as Quintuple Helix model and the theoretical model presented by the 

study suggests that it can help to gain sustainable competitiveness. This study has its own 

limitations as it was impossible to measure the impact of Industry 4.0 on the government, 

environment, society and academia, so only industry was included in the empirical study. The 

empirical data shows Industry 4.0 technologies can bring any competitiveness. The empirical 

results have shown a significant impact of Industry 4.0 technologies and some of the 

competitiveness variables.  

Organizations wish to achieve operational competitiveness which was believed for a long 

time that operational competitiveness is hard to imitate by the competitors as compared to 
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competitiveness based on products, prices or marketing. It is believed that knowledge 

management can play a vital role for organizations to achieve manufacturing 

competitiveness. Organizations need to develop knowledge centres in their organizations 

connected with academia, society and the government.  

A single organization cannot bring competitiveness on its own but it will require clustering, 

resources and policies to build the foundation of its competitiveness. A group of companies 

working in the same industry located in the same region shares the R&D which can bring 

competitiveness. It can only happen when governments support these organizations to work 

in close proximity. Similarly, abundances of resources available to an organization can help 

an organization build competitiveness. In the last, the government policies can help 

organizations to develop a unique competitive edge over others. In some cases, these 

competitive edges can be eroded over time. However, if they are developed together with the 

support of other institutions like academia and society then sustainable competitiveness can 

be achieved.  

One of the advantages that can be gained by the manufacturing organizations is to produce 

more flexible products. Flexible products are the products which offer multiple utility for the 

consumers as compared to the standard product which only provides a single utility. The 

study has established a significant impact of Industry 4.0 technologies on flexible product 

manufacturing. Flexible Manufacturing Process is closely associated with flexible products. 

Industry 4.0 technologies have a significant impact on flexible product manufacturing 

process. Flexible Manufacturing Process is the most sought competiveness variable among 

the manufacturing organisations in the UK manufacturing sector.  

The findings of this study have laid a solid foundation for the researchers in the future related 

to the role of Industry 4.0 technologies and their implications in the domain of 

manufacturing. The idea of smart manufacturing and smart factory are attractive hence plenty 

of research has been done in the research field. It is an interdisciplinary field and countless 

variables and issues come with Industry 4.0. Organizations can consider it as an opportunity 

and adopt it accordingly. Like every technology there are several positives attached to 

Industry 4.0 and these positives should be utilities to the maximum level possible. However, 

the Industry 4.0 itself can benefit neither individuals nor organizations. Individuals and 

organizations have to upgrade their knowledge basis, new business models and new 

organizational structures have to adopt to implement Industry 4.0. 



108 
 

Organizations need to prove that they are ready for the change and can adopt industry 4.0 

technologies. They need to choose best suited technology to improve OEE and manufacturing 

competitiveness cannot be achieved simply by adopting a new technology. A management 

strategy has to be developed by the managers and every organization needs to find their own 

strategic fit. This is the only way to develop a sustainable competitiveness otherwise same 

technology can be bought by the competitors as well. Similarly flexible products and flexible 

manufacturing can be done by using Industry 4.0 however; these products can become 

outdate by the competitors over time.  

In short, Industry 4.0 technologies are a wide and evolving concept since its inception. It is a 

multi-disciplinary concept so collaborations of academia and industry are important to 

explore new dimensions of this concept. The contributions of the study titled ―The impact of 

Industry 4.0 technologies on the manufacturing industry‖ provide researchers new ideas for 

their future research in the light of empirical evidence provided by this study.  
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8 Appendixes 

8.1 Cover Letter 

Dear Sir/Madam, 

My name is Muhammad Rahim Ejaz and I am a PhD student in the Faculty of Business & 

Economics, University of Pecs, Hungary. The ideal respondents of this survey are 

production/operation managers/assistants.  

Your participation is voluntary and confidential. Your cooperation is highly important. The 

aim of this study is to explore the impact of the implementation of Industry 4.0 technologies 

in manufacturing organizations. The study is aimed to conduct research on the manufacturing 

organizations working in the UK.  

Through your participation in this questionnaire, you are granting your help and contributing 

to the research in the field of production and operations management. The link is given 

below.  

https://forms.office.com/r/WkqD4kjwK2 

It will only take a few minutes of your precious time. I will be obliged for this kind favor.  

In case of any questions, you can reach out to me at rahim.ejaz@live.com. Thank you. 

Regards, 

Muhammad Rahim Ejaz 

PhD Candidate 

Faculty of Business & Economics 

University of Pecs, Hungary 
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8.2 A Gentle Reminder 

Dear Sir/Madam, 

My name is Muhammad Rahim Ejaz and I am a PhD student in the Faculty of Business & 

Economics, University of Pecs, Hungary. The ideal respondents of this survey are 

production/operation managers/assistants.  

I contacted you a couple of weeks ago. Your participation is voluntary and confidential. Your 

cooperation is highly important. The aim of this study is to explore the impact of the 

implementation of Industry 4.0 technologies in manufacturing organizations. The study is 

aimed to conduct research on the manufacturing organizations working in the UK.  

Through your participation in this questionnaire, you are granting your help and contributing 

to the research in the field of production and operations management. The link is given 

below.  

https://forms.office.com/r/WkqD4kjwK2 

It will only take a few minutes of your precious time. I will be obliged for this kind favor.  

In case of any questions, you can reach out to me at rahim.ejaz@live.com. Thank you. 

Regards, 

Muhammad Rahim Ejaz 

PhD Candidate 

Faculty of Business & Economics 

University of Pecs, Hungary 
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8.3 Online Questionnaire 
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