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Abstract 

Digitalisation of manufacturing through Industry 4.0 has been predicted to radically transform the 

way work is organised and experienced. As critical as this issue is, most research on the new 

manufacturing paradigm has been focused on the further development of the enabling technologies 

of Industry 4.0, rather than on how its implementation would affect the nature of work in 

manufacturing companies. To redress the imbalance, this study adopted an exploratory, descriptive, 

and explanatory approach to systematically investigate the likely impact of Industry 4.0 on the 

organisation of work and the use of skills. The research drew on key themes from two theories of 

work organisation – sociotechnical systems and action regulation – and the Industry 4.0 literature 

to form postulations regarding work in manufacturing digitalisation environments. Using an 

employer survey of manufacturing companies in New Zealand and an international survey of 

manufacturing employees, the study explored the practical realities of Industry 4.0 adoption to 

reveal details about the choice of advanced technologies, the degree of plant digitalisation, 

challenges encountered, changing skills needs, skills shortages, and workforce management 

strategies. Furthermore, the research examined the complex interaction between and among work 

characteristics and Industry 4.0. by testing a series of parallel mediator models. It found positive 

relationships between Industry 4.0 use and employee decision-making autonomy and skill 

utilisation, respectively. It also found that employee involvement in decision-making acted as a 

mediator in the relationship between the use of Industry 4.0 and job satisfaction, while employee 

skill use operated twice as a mediator – between the use of Industry 4.0 and job satisfaction, and 

between the use of Industry 4.0 and employee psychological health. In addition, the results of a 

multiple regression showed that three variables – revenue of production plant, age of production 

plant, and number of full-time employees at production plant – are significant predictors of Industry 

4.0 implementation. The study found no evidence to suggest that the adoption of Industry 4.0 

engendered a Tayloristic occurrence of work intensity. Rather, viewed from the perspective of 

sociotechnical systems and action regulation theories, the direct positive effects of the new 

manufacturing paradigm on work characteristics imply that it is capable of humanising work.  
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Chapter 1: Introduction 

1.1: Background 

A Munich-based start-up company that develops software to automate and manage human 

resources (HR), recruitment and onboarding, payroll, and absence tracking functions is valued at 

USD1.7bn (Tucker, 2021). It has 700 employees, most of who are engineers, across five offices to 

serve 4,000 company accounts (Personio, n.d.). A group of 2016 finance PhD graduates set up a 

platform to automate cross-border financial compliance, especially value-added-tax, financial 

accounting, and regulatory submissions. The company, a month ago, received $20.4m in investment 

funding to expand, and there are just 50 employees that look after its 1,000 client organisations 

(Tucker, 2020). The European Commission (EC) recently announced that it would be investing 

€178m in innovative tech start-ups that, for instance, develop automated property valuation 

software (Europa, 2021). And then, there is ‘management by algorithm’, which – by following strict 

rule-based procedures – makes decisions in seconds and has been deployed in finance to process 

loans, overdrafts, and insurance claims, and in education, immigration, and criminal justice cases. 

Added to the mix is the fact, as declared by the Economist, that the Covid-19 pandemic is ‘ushering 

in more automation and robots into factories, warehouses, and back offices, permanently’ (“After 

Years Of Dithering Companies Are Embracing Automation”, 2021).  

The instances above depict the ongoing digital transformation of the work people do and the way in 

which they do it, and which have potential consequences for their well-being (Ghislieri et al., 2018). 

Digital transformation is a buzzword that has been widely embraced by businesses, and national 

and regional economies, and is a principal feature in the policy agendas of many countries for the 

purposes of ‘driving connectivity, innovation, and growth’ (OECD, 2020b). As a term that has been 

in the public sphere since the late 1980s, it lacks specificity according to Vial (2019), who defines it 

as “a process that aims to improve an entity by triggering significant changes to its properties 

through combinations of information, computing, communication, and connectivity technologies” 

(p. 121). Legner et al. (2017) argue that while digital technologies have previously resulted in 

comparatively limited business and societal changes, the current wave of digitalisation represents 

the convergence of maturing digital megatrends that will affect every part of the ‘private and 

professional environment’. These digital megatrends have been described as inherently disruptive 
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to businesses and the industries, markets, and economies in which they operate (Karimi & Walter, 

2017; Kahre et al., 2017). Considering this, various governments and regional bodies have 

instituted social, economic, and industrial policies that strategically prioritise digitalisation. An 

example is the ‘Action Plan High-Tech Strategy 2020’ by the German government in 2012. One of 

the key initiatives in this strategy was termed ‘Industrie 4.0’, and it focuses on the use of 

digitalisation in manufacturing to drive efficiency, productivity, and flexibility of production systems 

to enhance economic growth (Klitou et al., 2017). This initiative has since been adopted by countries 

around the world and lends its name (industry 4.0) to the disruption of manufacturing by advanced 

digital technologies. It is regarded as a new manufacturing paradigm and the next stage of the 

evolution in production systems (Yin et al., 2018). 

 

1.2: Research Problem 

Under industrie 4.0 (I4.0), advanced digital technologies enable the networking of all relevant 

processes in a company’s production system, and because of an increasing ability to be ‘intelligent’, 

allow greater automation and communication to occur. As Matt et al. (2015) argue, digitalisation 

leads to the “transformation of products, processes and organizational aspects owing to new 

technologies” (p. 339). Hence, the introduction of I4.0 will likely result in structural organisational 

changes that affect the way work is organised, the skills that will be required, and the quality of 

work that will be available. In 2013, the industrie 4.0 research group, suggested that I4.0, by 

transforming the content and processes of work, would place higher demands on the skills and 

potentials of the workforce but create an environment of more interesting work, more enriched jobs, 

greater worker autonomy, and learning opportunities (Kagermann et al., 2013). They also point 

out, that these benefits would only be realised if a sociotechnical systems approach is taken in 

implementing the new system of production. Of significance though, is the assertion by the authors 

that the impacts of I4.0 would have to be addressed “through research and at a practical level” (p. 

35). 

However, in the period since that statement was made, not much research has focused on 

ascertaining if and how I4.0 alters the organisation of work in manufacturing companies. Rather, 

most research on I4.0 is concentrated on developing and optimising its enabling technologies and 
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design principles as the bibliometric reviews by Lu (2017) and Xu et al. (2018) reveal. Early research 

that did consider the interaction between people and the concept of I4.0 were from a human-factors 

or ergonomics approach. Scholars like Brettel et al. (2014) advise that labour within the new system 

will need to be re-organised. Also, Nelles et al. (2016), who propose a human-centred design for 

I4.0 production assistance systems, lament the lack of common understanding of the role of the 

human or of how work will change.  

Subsequently, there were studies conceptualising the effects on manufacturing employees. Ras et 

al. (2017), for example, posit that workers would need to improve their ‘higher-order thinking’ and 

decision-making skills to deal with the complexity inherent in the new paradigm. The authors also 

reiterate the call by Kagermann et al. (2013) for the use of a sociotechnical systems design of work. 

Other researchers echo this skills upgrade requirement (e.g., Maisiri et al., 2019; D’antonio and 

Chiabert, 2018; Prifti et al., 2017). Approaching the debate from a sociological angle, Pfeiffer 

(2017b, p.111) argues for a healthy scepticism about the purported benefits of a blended workforce 

of humans and intelligent machines and maintains that the effects of I4.0 will be “significant and 

far-reaching”. Furthermore, the absence of management and work psychology perspectives is 

criticised. Scholars like Arnold et al. (2016) and Schneider (2018) call for research that provides an 

understanding about I4.0’s impact regarding forms of work organisation, employee qualifications, 

training and learning processes, and the working environment.  

These areas of inquiry and the gaps in academic research, therefore, are the compelling reasons 

driving this PhD study. The research, by adopting an exploratory, descriptive, and explanatory 

approach, plans to investigate the application of I4.0 technology and the nature of work within 

manufacturing digitalisation.  

 

1.3: Research Goal and Questions 

This doctoral research aims to address the concerns and omissions discussed above to advance 

understanding of the concept and practice of I4.0 and the transformations it engenders in the work 

that people do. This follows the advice of Ghislieri et al. (2018) on conducting research on I4.0, 

“Since the current literature is scarce, research should first of all aim to deepen the understanding 

of the interconnection between workers, organizations and technology” (p. 4). Hence, its scope 
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covers the interaction between the mechanisms of I4.0 and work organisation, as shown in figure 

1.1 below.  

 

Figure 1.1: Interacting Mechanisms  

My desire is to contribute to the wider academic and practitioner discussion on the dramatic changes 

going on in the structure and experience of work (Grant et al., 2011), and to balance out the 

technical bias of current I4.0 literature. The overarching goal of my study is to advance 

understanding of the I4.0 advanced digital manufacturing phenomenon and its impact on the 

organisation and experience of work. Specifically, I will investigate the incidence of I4.0 within New 

Zealand manufacturing companies to determine how they have adapted their staffing strategies and 

work systems. I will also assess the effect of I4.0 adoption on work from the perspective of 

manufacturing employees. The research, in examining the interactions between the mechanisms of 

I4.0 and the organisation of work, will be guided by the following questions: 

1. To what extent are New Zealand manufacturers adopting Industry 4.0 

technologies? 

Not much is known about what is happening in NZ concerning the use of digitalisation 

technologies within manufacturing. In this study, I will be able to determine the technologies 

used in NZ manufacturing operations, the drivers and challenges of I4.0 adoption, and the 

regulatory support that have been accessed. 

2. What skills framework and work organisation strategies in New Zealand 

manufacturing companies accompany a greater adoption of Industry 4.0? 

Industry 4.0
Work 

Organisation
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Discussions in the literature suggest that the implementation of I4.0 will require 

manufacturing companies to change how they attract, retain, manage, and develop their 

workforce. Also, Grzybowska and Łupicka (2017) suggest that the I4.0 paradigm requires 

manufacturing employees to possess new and more comprehensive skills. This research will 

examine employee management practices and the skills profiles of I4.0 manufacturers in 

NZ. 

3. How does greater exposure to Industry 4.0 technologies affect the experience of 

work by employees?  

The kind of work that exists in an I4.0 setting has been the subject of much speculation 

(Hecklau et al., 2016). Kagermann et al. (2013) suggest that work systems will be 

reorganised, the contents of jobs will change, and employees will have to team up with 

intelligent systems for effective working in I4.0. These factors are likely to affect employees’ 

experiences of job quality, satisfaction, and well-being (Rainnie & Dean, 2020). This study 

will seek to understand the I4.0 phenomenon from the perspective of those who may be 

most impacted by its adoption.  

4. How well are the theories of sociotechnical systems and action regulation reflected 

in the organisation of work in Industry 4.0 manufacturing companies? 

Kagermann et al. (2013), the authors of the key reference material on I4.0, contend that 

manufacturing digitalisation must be implemented in a work system that is organised along 

sociotechnical principles. Sociotechnical systems (STS) theory holds that the social and 

technical systems in an organisation must be jointly optimised to achieve sustainable 

performance (Trist & Bamforth, 1951), and suggests a set of six characteristics of well-

designed jobs (Trist, 1981). In addition, proponents of I4.0 claim that its adoption will create 

opportunities for on-the-job training and continuing professional development (Gilchrist, 

2016; Lorenz et al., 2015). Therefore, I will use the cognitive-behavioural theory of action 

regulation (Frese & Zapf, 1994) to evaluate if work under I4.0 enables employees to use 
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and develop new skills and knowledge. Action regulation theory, like STS, proposes a set of 

principles that characterise well-designed jobs. I will use themes from both these theories 

to assess the organisation of work in I4.0.    

 

 

1.4: What is the Focus and Significance of the Study and for Whom? 

This research draws on three streams of literature – human resources management 

(HRM)/organisational behaviour, work psychology, and engineering – to study the nature and 

experience of an I4.0 work environment from the perspective of both employers and employees 

within the manufacturing industry. It uses the conceptual lens of sociotechnical systems and action 

regulation theories of work organisation to investigate the effects of I4.0 advanced manufacturing 

digitalisation on the organisation of work, work characteristics, and work outcomes. The study, to 

meet and answer the research questions, follows a critical realist philosophy and survey research 

method. It proposes and tests - via two online surveys - a series of hypothesized relationships 

between the adoption of I4.0 advanced manufacturing technologies and the features and 

consequences of work. Fundamental themes from both work organisation theories like skill 

utilisation, training and work-related learning, employee control or autonomy, and work intensity 

will be used to assess the impact of I4.0 on employee well-being and job satisfaction. The research 

considers the current state of I4.0 manufacturing digitalisation in New Zealand by examining the 

choice of technologies used, the various factors driving adoption, the challenges faced and the 

corresponding organisational responses, and the extent of adoption within the industry. In addition, 

this project, while looking at how the new manufacturing paradigm causes companies to adapt both 

their skills requirements for current and future operations and their strategies for managing 

employees, seeks to determine whether certain organisational factors increase the likelihood of I4.0 

advanced manufacturing technologies being adopted. 

The study contributes to knowledge on how the new manufacturing model of I4.0 interacts with key 

work characteristics and outcomes. It seeks to extend the theories of work organisation, cognisant 

of the statement by Parker and Wall (1998) that most of these theories “have been derived primarily 

from studies of shop floor employees in manufacturing” (p.88). Furthermore, the research follows 
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in the footsteps of notable studies like Wall et al. (1992) on how the introduction of new robotic 

payment systems changed design aspects of the work of operators; Snell and Dean (1992), which 

examined the impact of integrated manufacturing on HRM practices; Dean and Snell (1991), who 

studied the relationship between integrated manufacturing and job design; and other seminal work 

(e.g., Parker, 2003; Morrison et al., 2005; Bayo-Moriones et al., 2010). All these studies are based 

on investigations of previous production systems, and their findings provided clarification of the 

changes produced in job and work design. This new system of production digitalisation, however, is 

in marked contrast to all that has preceded it. Experts highlight the fact that the integration of 

internet connectivity, big data, and artificial intelligence mean that these systems are capable of 

higher-order cognition (Rubmann et al., 2015; Erol et al., 2016a; West, 2018). Parker and Grote 

(2020) describe the change as “a shift in agency from humans to technology as technology becomes 

capable of self-directed learning” (p. 4).  

This chapter opened with a series of developments that have significant ramifications for individuals, 

organisations, and societies regarding skills and issues of work. The impact of such technology-

driven changes on human work in manufacturing has been considered by the World Manufacturing 

Forum, who recommend 10 strategies and skills for the ‘Future of Manufacturing’. It was the central 

theme of the World Bank’s 2019 Development Report “The Changing Nature of Work” (World Bank, 

2019). The international labour organization (ILO, 2019) also produced a ‘Global Commission on 

the Future of Work’ report in 2019. In addition, regional and national governments are preparing 

for the digital transformation of manufacturing work. For instance, New Zealand has the ‘Digital 

technologies transformation plan’, Australia has the ‘Modern manufacturing strategy’, the UK has 

‘Manufacturing made smarter’, while South Africa has its ‘National advanced manufacturing 

technology strategy’. 

In summation, this research will be of benefit to scholars in management, work psychology, and 

engineering disciplines. Practitioners like manufacturing companies, industry associations, and 

public bodies will also profit from the study as it will provide them insight into the experience of 

adopting the advanced technologies of I4.0, the changing skills profiles being demanded, and the 

challenges affecting implementation.  
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1.5: Design of the Study 

The thesis follows a quantitative approach as it explores the practical interaction between I4.0 

advanced manufacturing technologies adoption and work organisation. Data from two online 

surveys – the first collected from 79 CEOs and Plant General Managers of New Zealand 

manufacturing companies and the second from 147 employees in the manufacturing industry – is 

analysed. The instruments used in both surveys were adapted from pre-existing tools, and the 

measures, relevant to each type of respondent, were updated from extant literature. Data analyses 

within the study involves using the PROCESS macro for SPSS (Hayes, 2018) to conduct parallel 

multiple mediation and multiple regression analyses to test the various hypotheses and mediational 

models and examine the association between I4.0 adoption and other variables of work and 

organisational characteristics. 

 

1.6: Structure of the Thesis 

This thesis is organised across seven chapters. This chapter (chapter 1) situates the study by 

providing some background on the wider nature of work digitalisation. It then narrows its focus by 

considering the phenomenon of manufacturing digitalisation and highlighting the research problem 

the study was set up to address. Thereafter, it communicates the questions that will guide the 

research, provides theoretical and practical justification for conducting it, and ends by discussing 

the areas of focus and the significance of the study. 

Chapter 2 covers the first of the two main literature reviews in the thesis. It offers a critical 

perspective of the industry 4.0 paradigm, tracing its meaning, antecedents in the form of previous 

industrial revolutions, and differentiation. Next, the chapter analyses the concept’s history and 

political, economic, and social background, before presenting the components and design principles 

of, and arguments for industry 4.0 adoption. Chapter 2 closes by assessing the unique context of 

manufacturing within the New Zealand industry, and then looks at the proposition offered by the 

advanced manufacturing technologies of industry 4.0 for small and medium-scale enterprises 

(SMEs). 

In chapter 3, the literature on the organisation of work is explored. The chapter starts by discussing 

the importance of work design before tracing the history of work rationalisation from the writings 
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of Adam Smith and Charles Babbage on the division of labour to its manifestation in factory work 

structures based on the principles of scientific management as postulated by F.W. Taylor. It follows 

this evolutionary line to the mass production systems of Fordism and more recent incarnations, and 

then analyses the meaning of work under the I4.0 concept. Thereafter, the chapter moves to 

develop the theoretical lens that will be used in the research by examining the theory of 

sociotechnical systems and its birth in the coalfields of South Yorkshire. Attention is given to how 

this theory proposes the democratisation and humanisation of work through its values, qualities, 

and principles of good work. Next, the chapter presents an analysis of the German founded action 

regulation theory which posits that human cognitive development is enhanced doing complex and 

complete work through on-the-job learning and training. Chapter 3 closes by deliberating on key 

themes from the two theories to develop a series of hypotheses to guide the research 

Chapter 4 provides an examination of the methodological considerations and decisions made in 

conducting the research. It explains and offers justification for the study’s philosophical stance and 

research design, before describing the data collection instruments and procedures taken in the two 

online surveys. Next, it presents information on the data analysis tools and processes that were 

used in the study, and then concludes with a discussion of ethics and data storage and management 

issues. 

Chapter 5 contains detailed results of the various analyses that were conducted, while chapter 6 

offers an interpretation and comprehensive discussion of these results. Finally, the conclusion to 

the research study is provided in chapter 7, and here, the significant findings are restated and 

discussed to reveal how the study has addressed its research questions. The chapter also gives a 

detailed discussion of the theoretical contributions of the study, including its implications for theory, 

practice, and public policy. Next, it considers the shortcomings associated with the research project 

and suggests ways for subsequent efforts. Closing remarks, thereafter, draw a curtain over the 

chapter and the thesis.  
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Chapter 2: Literature Review I – Industry 4.0 

2.1: Introduction 

This chapter presents an in-depth appraisal of the complex idea that is the Industry 4.0 innovation. 

Thus, it starts by looking at the meaning of and the various ideas subsumed within the concept, it 

then goes on to highlight the three preceding revolutions in global industry, before it addresses the 

recognition of I4.0 as the next stage of industrial revolution. The chapter subsequently highlights 

and discusses the historic contextual factors that gave rise to the vision of I4.0. Based on this, the 

focus then moves to the technological components, principles of design, and promised benefits of 

I4.0 adoption. The final section of the chapter is a consideration of the manufacturing industry within 

the unique context of New Zealand, which principally comprises small and medium-scale enterprises 

(SMEs). The main purpose of the chapter is to ensure a thorough and cohesive understanding of 

the I4.0 paradigm and the specific industrial landscape (which is the first objective of this research), 

and so provide a platform from which upcoming postulations can be made. 

 

2.2: Meaning of Industry 4.0 

The term Industry 4.0 (I4.0) has complex connotations – a meaning within a meaning. On one hand 

and for most people, it represents the new phase of manufacturing characterised by ubiquitous 

connectivity, artificial intelligence (A.I.), advanced robotics and massive amounts of data. A more 

comprehensive meaning of the term is as a strategic initiative aimed at coordinating research into 

technological innovations to promote and protect national economic interests. An earlier use of the 

word was to refer to a new wave of global industrialisation. The idea of I4.0’s advanced innovations 

disrupting the current technological landscape has led to it being described as the Third Industrial 

Revolution, Fourth Industrial Revolution and Second Machine Age (Rifkin, 2011; Kagermann et al., 

2013; Brynjolfsson & McAfee, 2014; WEF, 2016; Schwab, 2017). The trend of industrialisation 

envisaged under I4.0 is a result of the introduction of such technologies and innovations as the 

Internet of Things (IoT), Cyber Physical Systems (CPS), data mining and analysis, automated 

robots, and virtualisation into the manufacturing process. It has become a priority for national 

economies, industry associations, manufacturers, universities and other research bodies and 
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consultancy firms (Rubmann et al., 2015; Kotynkova, 2017; Kusiak, 2018; Pereira & Romero, 

2017). The importance attached to the phenomenon is borne out by the increasing number of 

academic and practitioner conferences, workshops and journal publications that have I4.0 as their 

themes (Drath & Horch, 2014; Lu, 2017; Strozzi et al., 2017). Unfortunately, the input from these 

various parties has led to muddied waters, a situation of blurriness that is only recently getting 

cleared up through attempts to streamline the theoretical landscape (Liao et al., 2017; Santos et 

al., 2017).  

Most scholars seem to agree that the advanced technologies combined under I4.0 indicate that the 

world is about to or is already experiencing another revolution in technological innovation, and 

uniquely, this newest instalment is being announced before the fact or a-priori (Drath & Horch, 

2014). Another differentiating feature, as argued by Klaus Schwab, chairman of the World Economic 

Forum (WEF), is the ubiquitous nature and global diffusion of these technologies (Schwab, 2017). 

The economist Jeremy Rifkin, on the other hand, sees these developments as a continuum of the 

third industrial revolution (Rifkin, 2011). These views raise the question of what constitutes an 

industrial revolution.  

2.3 Antecedents 

The 1st Industrial Revolution 

An Industrial Revolution (IR), according to Háry (2016), refers to a time-period characterised by an 

exponential and continuous increase in the organisation, efficiency, and output of systems of 

production, and which consequently cause economic and social changes. The author calls them a 

“paradigm change” (p.32). These transformations arise when advances in scientific knowledge and 

technology are applied for large-scale industrial purposes, the effect of which is not just increased 

material wealth for individuals, companies, and societies but also adjustments in social and political 

beliefs (Skilton & Hovsepian, 2018). The first IR occurred in agrarian England with the design and 

redesign of the steam engine by Thomas Savery (1698), Thomas Newcomen (1712) and James 

Watt (1781). The Watt steam engine in particular – being more efficient than others – modernized 

the processes of production as it transformed thermal energy into mechanical energy, which enabled 

a range of movement on-demand and devoid of human or animal labour. Thus, mechanised 
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production, powered by water, coal and steam, started within the textile industry before dispersing 

to other sectors, and its immediate effect was increased productivity levels, greater manufacturing 

autonomy and further technical improvements (Landes, 2003; Freeman, 2013). It led to the putting-

out system, then the creation of the factory and growth of the industrial proletariat (those whose 

sole source of income was the wage), increased ease and affordability of transport through 

locomotive trains and ships, the rise of urban living, and a higher volume of available commodities 

– most of which were agricultural and manufactured products (Landes, 2003).  

The 2nd Industrial Revolution  

Electricity was the power behind the second IR when, along with a mass production system 

organised on Tayloristic principles of scientific management, manufacturing output again changed, 

not only in volume this time but also in variety (Yin et al., 2017). This trend of industrialisation 

began in the United States of America but soon spread to and through Europe as various 

manufacturing companies competed for the attention of consumers (Mohajan, 2019). Serial 

production, rigid organising and assembly lines that were minutely planned and closely monitored 

ensured product output was at a faster rate. Patented ingenious solutions and specialized machinery 

made manufacturing more expensive but companies could enlarge their operations and thus enjoy 

some economies of scale, and many established in-house R&D capabilities to supply continuous 

innovation (Freeman, 2013). All these developments led to increased employment numbers as ever 

more industries and factories were established but the resultant nature of work in such conditions 

caused the segregation of jobs into blue and white collar. Mass production, with its focus on 

uniformity, speed, and precision control, had less use for skilled craftsmen (Mokyr & Strotz, 1998). 

The pressing need was for unskilled labour that could be interchanged and plugged in at any stage 

of the production of standardized products. Technological advancements during this period 

dispersed slowly around the globe, serving to connect the world and make it seemingly smaller; 

these included the telegraph, telephone, airplanes and air travel, transistor radios and the television.  

The 3rd Industrial Revolution  

The third IR occurred with the introduction of digital programming to the manufacturing sphere 

(Paul, 1981; Smith, 2001). This was made possible through the development of integrated circuits 
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(IC) which were created by combining large numbers of transistors onto a small chip. Jack Kilby 

and Robert Noyce are both acknowledged innovators of this device, though each worked 

independently (Saxena, 2007). Improvements in micro-electronics and semi-conductor technology 

coupled with their increasingly lower cost encouraged the rise of computerisation across the globe, 

and with it, the digitisation of information. The move from analogue to digital technology allowed, 

for the first time, the large-scale automation of the production system, and it spread from the USA, 

to Europe, South America, Asia and then the rest of the world (Freeman, 2013). These technological 

innovations initially started out as defence or military and space exploration projects with research 

centres, universities and government agencies collaborating on their development; thereafter, 

diffusion to the commercial sector led to ever faster innovation rates driven by individual ingenuity 

(Brynjolfsson & McAfee, 2014; Skilton & Hovsepian, 2018). This was the age of the World Wide Web 

(internet), search engines, personal computing and mobile devices, hardware and software 

technological behemoths (IBM, Microsoft, HP, Apple, Huawei, Xiomi, Nokia, Samsung, Google), e-

commerce or digital marketplaces (eBay, Amazon, Alibaba, Trademe), and the rise of social media 

– Six Degrees, Friendster, MySpace, LinkedIn, Facebook, Instagram, Twitter (Fuchs, 2021). 

The automated production systems were referred to variously as Advanced Manufacturing 

Technologies (AMT), Integrated Manufacturing (IM) and Flexible Manufacturing (FM), and 

completely revolutionised the manufacturing process (Goldman & Nagel, 1993; Yusuf et al., 1999; 

Milgrom & Roberts, 1990). Productivity increased, production lead-times were halved, quality 

standards improved, and a much wider variety of output was available to more people (Siegel et 

al., 1997; Chen & Adam, 1991). Under AMT, computers were used to store and manipulate data, 

with the aim of electronically integrating the production process (Dean et al., 1992). Pennings 

(1987) defined AMT as, “an automated production system of people, machines and tools for the 

planning and control of the production process, including the procurement of raw materials, parts 

and components, and the shipment and service of finished goods” (p.198). AMT consists of a series 

of technologies and processes like computer-aided design (CAD), computer-integrated 

manufacturing (CIM), computer numerically controlled (CNC) machines, material resource-planning 

systems, automated materials-handling systems, Just in Time (JIT) production, statistical process 
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control (SPC), and automated storage and retrieval (AS/R) systems (Zammuto & O’Connor, 1992; 

Siegal et al., 1997).  

The expectation was that AMT would bring greater flexibility to manufacturing organisations’ 

processes, culture, and people, ensure the provision of more customised products, and create 

economies of scope. The reality, however, was quite different. Empirical studies show that AMT 

failed to fully deliver on its strategic promises (McDermott & Stock, 1999; Jaikumar, 1986; Fleck, 

1984; Voss, 1988), with reasons including faulty implementation, poor supply of skilled 

professionals, ignorance of the technologies, high cost of capital required, complex software 

demands, apathy, and incompatible organisational structures (Zammuto & O’Connor, 1992; 

Freeman, 2013). Coupled with these, was the realisation that implemented automation initiatives 

and the attendant wave of globalisation reduced demand for low and medium-skilled production 

and clerical workers in the US and Western Europe (Tassey, 2010) . First, because of manufacturing 

companies moving their factories offshore to enjoy cost savings from lower wage economies (mostly 

in Asia and South America), then secondly, when the cost of automation fell and investment in 

industrial robots rose, manufacturers discovered they could do more with fewer people (Stentoft et 

al., 2016). This created a ‘digital divide’ in jobs because while AMT reduced factory floor jobs, it 

created and stimulated demand for high skills and qualification (Siegel et al., 1997; Skilton & 

Hovsepian, 2018).  

The 4th Industrial Revolution  

The fact that most of the technologies attributed to the I4.0 innovation originated twenty to thirty 

years ago has caused Rifkin (2011) to argue that the third IR continues to the present day. This 

view, however, ignores the basic fact that revolutions are said to occur when innovative technologies 

are utilised on a massive scale change or disrupt the nature and organisation of industries, societies, 

and economies (Brynjolfsson & McAfee, 2014). The maturity and convergence of technologies like 

virtual and augmented reality, intelligent robots, machine learning and artificial intelligence, wireless 

communication networks, big data, micro and nano technologies, and quantum computing, and 

their deployment in digitising and connecting facets of everyday social and commercial life, signify 

that the world is experiencing another IR (Davis, 2015; Kagermann et al., 2013; Prause & Weigand, 
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2016; Schwab, 2017). The utilisation of these technologies within production processes where data 

is seamlessly captured, relayed, processed, and made available for real-time decentralised decision-

making is characterised as the I4.0 advanced digital manufacturing paradigm, and a unique element 

under the fourth IR (Drath & Horch, 2014).  

The application of digital technology to manufacturing has been an ongoing process since the 

introduction of computer processing during the 20th century. The goal has always been to make 

manufacturing more flexible, less expensive, and time-consuming, safer, and easier to manage (Yin 

et al., 2017; Stecke, 1983). Thus, for some, the current digitalisation drive represents the next 

logical step – digital maturation in manufacturing. However, the innovations making waves under 

the new paradigm signify a marked departure from what has gone on earlier. Computing power has 

increased exponentially, the costs of industrial control systems (ICS) — including sensors, actuators, 

programmable logic controllers (PLC) and radio frequency identification (RFID) technology — have 

fallen, consequently enabling their increased use and deployment in manufacturing operations, 

standard protocols have been developed to enhance the integration of ICT and control systems, and 

finally, these technologies, devices and components can be connected on the internet (Evans & 

Annunziata, 2012; Zhu & Basar, 2011).  

Digitalisation in manufacturing means giving the devices, machines and equipment, and processes 

of manufacturing operations the ability to capture, store, transmit and utilise data for optimised 

performance (Bogner et al., 2016; Storrie, 2019). I4.0 digital manufacturing involves the melding 

of the digital sphere with that of manufacturing, it represents the new era of manufacturing systems, 

and is also referred to as Smart Manufacturing (Kang et al., 2016; Kusiak, 2018). The innovation 

can be described as the end-to-end digital integration of the manufacturing value chain - connecting 

manufacturers, suppliers, logistics and distribution, and final users (Rubmann et al., 2015).  

I4.0 advanced digital manufacturing serves as an umbrella term for several existing and emerging 

technologies in the manufacturing sphere including the Internet of Things (IoT), Cyber-physical 

Systems (CPS), Big Data and analytics, autonomous robots, 3D printing (Additive printing), virtual 

and augmented reality, cloud computing, machine-to-machine (M2M) and machine-to-human 

(M2H) communication and cyber-security (Babiceanu & Seker, 2016; Brettel et al., 2014; Drath & 
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Horch, 2014; Xu, 2012; Lee, 2008). Furthermore, design principles like interoperability, modularity, 

real-time capability, decentralization, servitisation, information transparency, and vertical and 

horizontal integration have been formulated to guide companies in their implementation of these 

I4.0 technologies within the Smart Factory which, as Hermann et al. (2016), explain, is context-

aware and assists the people and machines within it in the efficient completion of their tasks (Lasi 

et al., 2014; Gilchrist, 2016).  

I4.0 digital manufacturing might be in the early phase of its development, but great interest has 

been attached to the concept as it is argued to be a new and challenging opportunity for economic, 

social, and ecological sustainability for companies and economies (Sony & Nail, 2019; Storrie, 

2019). The paradigm has been suggested as a means through which scarce raw materials can be 

used in the manufacturing process with minimal waste and is also marketed as a panacea for the 

aging demographic issues experienced in many developed regions (Kagermann et al., 2013; Stock 

& Seliger, 2016). This interest, however, has resulted in myriad definitions and explanations of the 

I4.0 paradigm. Moeuf et al. (2017) mentions the existence of over 100 practitioner definitions across 

the publications of Bitkom - the German digital industry association. Muller et al. (2018) provide a 

table of 12 definitions given by various researchers between the period 2013 – 2017. It is not 

unlikely that as more research is done on the I4.0 phenomenon more definitions will ensue – though 

it is hoped a progressive move towards consensus happens.  

 

2.4: What makes Industry 4.0 Different? 

I4.0 is not the next iteration of AMT or Lean manufacturing, or even a point on the continuum. 

Indeed, Edwards and Ramirez (2016), discoursing on the progression through previous production 

systems, state that the I4.0 technology “does appear to have a high element of discontinuity” 

(p.110). According to Davis (2015), I4.0 represents a disruptive influence within the manufacturing 

sphere. Certain key factors distinguish I4.0 from earlier production methods like AMT/IM/FM and 

manufacturing philosophies like Lean Management (LM). Primary among these is the deployment of 

virtual and augmented reality technologies in product manufacturing. Virtual reality (VR) is a 

capability that allows the simulation of actual production operations including prototype testing, 

trouble-shooting and predictive engineering to ensure the optimisation of input variables (Rubmann 
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et al., 2015). Augmented reality (AR) on the other hand, refers to enhancing the natural view with 

computer-generated signals (Milgram et al., 1995), and can service the manufacturing process by 

being used to provide information and training in real-time via AR tools. Siemens, Bosch, Festo and 

ABB are a few manufacturing companies that have developed worker training modules using both 

VR and AR (Kurz et al., 2017).  

Another critical feature of I4.0 is the seamless generation, collection, transmission, storage, and 

availability of data within a vertically and horizontally integrated feedback loop. The Internet of 

Things (IoT) enables communication between machines and devices without direct human 

intervention, while still providing the opportunity for remote control and oversight (Háry, 2016). 

The integration of all internal organisational processes (vertical) and all inputs along the value chain 

(horizontal) will not only lead to improved efficiency, speed, and flexibility, but also expand the idea 

of manufacturing to include the production of services; a development that has been termed ‘the 

Servitisation of Manufacturing’ (Kagermann et al., 2013).  

Finally, the principle of decentralisation is paramount to the I4.0 paradigm, as it is only under such 

conditions that its benefits of flexibility, speed, low costs, and increased productivity can be realised 

(Hofmann & Rüsch, 2017; Kagermann et al., 2013). Yin et al. (2017) assert that autonomy and 

decision-making competencies must exist along various points in the production system of linked 

machines, processes, and people. This would place it in stark contrast with other production 

organising methods that are extensions or reincarnations of Taylorism such as Fordism, Toyota 

Production System (TPS), AMT/FM, and LM. Organising production operations in a hierarchical flow 

from top to bottom goes against the very tenets of I4.0, as Hermann et al. (2016) argue, 

“decentralised decision-making, as a key principle of industrie 4.0, is understood as its most 

disruptive element” (p.3932). Thus, these differentiators, including other innovations like AI and 

Big data, combine to make I4.0 different from other manufacturing systems and philosophies 

(Davis, 2015).  

 

2.5: History and Background  

As mentioned earlier, I4.0’s origins lie in Germany, where in January 2011, it was launched by the 

Industry-Science Research Alliance (FU). It is a term first publicised in April 2011 at the Hannover 
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Messe trade fair – “the world’s leading trade show for industrial technology” (Hannovermesse.de), 

where it was used to announce the digital transformation of manufacturing. Wolfgang Wahlster, 

director and CEO of the German Research Centre for AI was the opening speaker, and he mentioned, 

as the goal of the fourth IR or Industrie 4.0, the control, in real-time, of the production value chain 

and networking of all associated technologies and business processes (Hannovermesse.de). The 

theme of his address was how companies in high wage regions, like Germany, could succeed in the 

face of stiff global competition (Drath & Horch, 2014; Lydon, 2011). In November 2011, the German 

government adopted industrie 4.0 as a strategic initiative and the central part of its High-Tech 

Strategy 2020 Action Plan to “make Germany a leader in supplying solutions to global challenges” 

(Kagermann et al., 2013, p.77). A working group, drawn from both academia and industry, of 

experts in the fields of applied and social science, engineering, economics, education, and 

management was formed, and it has produced several recommendations and reports to the German 

government. The most comprehensive and most widely cited in journals, conference papers, book 

chapters and books is the 2013 Final Report of the I4.0 Working Group (Liao et al., 2017).  

This report is regarded as the single most influential document detailing all aspects of the I4.0 

platform and is key to obtaining a complete picture of the phenomenon. A cursory gleaning of the 

I4.0 theme will simply reveal its technological and ground-breaking aspects but ignore the most 

critical questions of what purpose these innovations serve, what impetus drives the concept, and 

why, unlike previous IRs, has it been announced beforehand. The answers are woven from 

economic, social, and political threads. It is proven that the German government encouraged 

research into I4.0’s cutting-edge technologies to safeguard - against the backdrop of an aging 

population - the global competitiveness of its manufacturing industry (Pfeiffer, 2017b). Also, this 

strategy was conceived in the face of challenging transformative issues like globalisation, 

environmental protection and sustainability, and stagnating living standards (Andulkar et al., 2018). 

The policy was promoted as a clarion call from the German government to industry to announce 

and seemingly beckon a new age of industrial revolution and development after the global economic 

crises of 2008 – 2009 (Reischauer, 2018; Bartodziej, 2017). 

This push created, in collaboration with local manufacturing associations, academic and industry 

researchers, and management consultancy firms, the initial hype and fanfare around I4.0; the 
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purpose being to market the concept and German engineering competencies worldwide. It is a 

strategy that has worked successfully, as companies and industry associations from other countries 

and regions – USA, Canada, the EU, China, Asia-Pacific – often look to Germany for partnership 

purposes and try to play catch-up (Ma & Meng, 2019). Various national and regional governments, 

noticing the trend of increasingly advanced digital technology and IoT use in manufacturing, have 

followed in Germany’s footsteps, and established similar initiatives that have substantial funding 

(Santos et al., 2017). These include Industrial Internet Consortium (USA), Advanced Manufacturing 

Partnership/Manufacturing USA (USA), Factories of the Future (EU), Industrie du Futur (France), 

Future of Manufacturing (UK), Manufacturing Industry Innovation 3.0 (South Korea), Made-In-China 

2025 (China), Smart Industry Program (Netherlands), Super Smart Society (Japan), Modern 

Manufacturing Strategy (Australia), Industria Conectada 4.0/Connected Industry 4.0 (Spain), and 

Towards Industry 4.0 (Brazil) to highlight a few. 

However, the blurriness surrounding the I4.0 concept, as noted earlier in this review, has caused a 

few scholars to decry the impreciseness of what I4.0 means (Heng et al., 2014; Culot et al., 2020). 

The theoretical landscape is still relatively new, though developing rapidly with each subsequent 

journal article, conference paper, book publication and trade show. I4.0 is referred to variously and 

interchangeably as Smart Manufacturing, Digital Manufacturing, Industrial Internet of Things, and 

Advanced Manufacturing. Concise and clear definitions of I4.0 are rare (Gilchrist, 2016; Kotynkova, 

2017; Strozzi et al, 2017). Even the final report of the I4.0 working group, authored by Kagermann 

et al. (2013) is guilty of this, as it states, “In the manufacturing environment, vertical networking, 

end-to-end engineering and horizontal integration across the entire value network of increasingly 

smart products and systems is set to usher in the fourth stage of industrialization – Industrie 4.0” 

(p.19). Several complex sub-concepts inherent in that definition will be analysed later in this review. 

Other definitions for I4.0 have been given, for example, Drath and Horch (2014) and Gilchrist 

(2016).  
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2.6: Components and Design Principles of Industry 4.0  

There are various sub-technologies coupled under the I4.0 paradigm, and these, based on the I4.0 

final report and other seminal articles (Lee, 2008; Brettel et al., 2014; Drath & Horch, 2014; 

Hermann et al., 2016), have been grouped into key components. These are:  

▪ Internet of Things (IoT): This term has been in use since 1999 when it was coined by 

Kevin Ashton for a presentation at Procter & Gamble supply chain (Kramp et al., 2013). It 

refers to the seamless integration of physical objects (machines, devices, products, entities) 

into wired and wireless information networks that allow them to communicate with each 

other and their environment through the relay of data. Under I4.0, objects are equipped and 

embedded with electronic tags (RFID – Radio Frequency Identification; sensors and 

actuators) which allows them to be uniquely identifiable on the manufacturing company’s 

network. This capability enables the devices or cyber-entities to collect and transmit data 

and information about their status and environment, and thus make possible decentralised 

decision-making and real-time responses (Shrouf et al., 2014). The objects, having been 

endowed with some degree of intelligence, are therefore said to be ‘smart’, and can assist 

with problem-solving, waste minimisation and improvement in productivity (Landherr et al., 

2016). Haller et al. (2008) define IoT as “A world where physical objects are seamlessly 

integrated into the information network, and where the physical objects can become active 

participants in business processes. Services are available to interact with these ‘smart 

objects’ over the Internet, query their state and any information associated with them, taking 

into account security and privacy issues” (p. 15). The internet referred to here should not be 

confused with the general internet that most people can access. These networks belong to 

individual manufacturing companies, and because of intellectual property (IP) rights and 

other sensitive information, are kept secure. Cyber-security is a critically important feature 

of I4.0, and its aim is to protect industrial systems from threats and malicious cyber-attacks 

(Tweneboah-Koduah et al., 2017). The Industrial Internet of things (IIoT) signifies the 

application of IoT technology and innovation into the realm of manufacturing where smart 

objects, powered by RFIDs, sensors, and actuators, and protected by security protocols, 

enhance the process of production and other activities along the value chain.  
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▪ Cyber-Physical Systems (CPS): According to Pereira and Romero (2017), cyber-physical 

system technology is the heart and key defining component of I4.0. It is argued that the 

incorporation of CPS into the systems of production and logistics will enhance efficiency, 

quality, reliability, and output. Lee et al. (2015) define CPS as “transformative technologies 

for managing interconnected systems between its physical assets and computational 

capabilities” (p.18). The CPS represents the joining of the virtual and physical environment. 

Through the RFIDs, sensors and actuators embedded on items involved in the production 

process (components, products, devices, other entities), virtual identities are created and 

mapped online to copy everything within the physical environment of the factory. This exact 

copy, referred to as a ‘Digital twin’ is created through computer algorithms, and simulations 

and predictive engineering tests are conducted on it. The sensors collect and relay data 

through the secure network to a processing unit where it is assessed, analysed, and used in 

test scenarios. Thereafter, commands can be issued via the same network to actuators which 

carry out the determined actions. CPS used within production are often termed Cyber-

Physical Production Systems (CPPS), and as an embedded system, ensure the vertical and 

horizontal integration of operations and information technology systems (Gilchrist, 2016). 

The aim of CPPS is to link a manufacturing company’s design, engineering, production, 

marketing, and after-sales service activities in an intelligent loop to enable smart production. 

The CPPS can change its behaviour in response to incoming stimuli through self-

reconfiguration; it perceives information, stores, and derives knowledge from it, and gains 

experience as a result. It is a system for optimising industrial production where products 

move autonomously down the production line, and so, are said to be self-aware, self-

predicting, self-comparing, self-configuring, self-maintaining, and self-organising (Lee, 

2008; Lee et al., 2015; Gilchrist, 2016). CPS technology is the nucleus of I4.0, and 

represents an interconnected network of people, data, machines, products, and processes 

for more efficient production in a smart factory.  

▪ Smart Factory (SF): A smart factory under I4.0 comprises smart machines, smart devices, 

smart manufacturing processes, data analysis, smart engineering (product design and 

development, innovation, planning), actual production and associated services of IT and 
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smart logistics (Shrouf et al., 2014). It refers to the vertical integration of the manufacturing 

value chain - linking all activities from material sourcing, inventory management, production, 

quality control, logistics, marketing, and after-sales service – to create a quick, interactive, 

and responsive production environment. Hermann et al. (2016) provide a succinct definition 

of a smart factory as one “that context-aware assists people and machines in execution of 

their tasks” (p. 3929). If the CPS is the heart and brain of I4.0, then the smart factory can 

be regarded as its body, housing its different components, technologies, and processes. 

Gilchrist (2016) calls the SF the “sun around which other processes orbit” (p.217). The SF is 

not bound by the limits of the production line or the walls of the physical factory but extends 

to wherever its output is being stored (warehoused) or used. The output of a smart factory 

is a ‘Smart Product’, which according to Laird (2017a), continuously provides data and 

information about itself all through its lifecycle. Shrouf et al. (2014) provide a list of features 

characterising smart factories, and prominent among them is flexibility. Production processes 

within SF are digitally driven by machines and systems that can optimise their operations. 

They possess a degree of cognition which allows them to adapt their parameters and 

strategies efficiently in real-time when faced with changes in the environment (Neugebauer 

et al., 2016). Other characteristics of SF include the ability for sustainable production, mass 

customisation, remote monitoring, proactive maintenance, and the creation of new services 

– both before and after sale – to the customer.  

The three components above are the main parts of the I4.0 paradigm, and the sub-technologies 

nestled within them are sometimes referred to as the nine pillars transforming industrial production 

under I4.0 – autonomous robots, simulation, vertical and horizontal integration, industrial internet 

of things, cybersecurity, the Cloud, additive manufacturing, augmented reality, big data, and 

analytics (Rubmann et al, 2015).  

In addition, there are six design principles that guide the conceptualisation and implementation of 

I4.0 (Hermann et al., 2016; Bücker et al., 2016); these are:  

▪ Interoperability or Interconnection: This principle refers to the linking of all entities 

directly involved in the organisation’s process of production. This connection is done over 
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the IoT – linking devices, machines, and processes; over the internet of people (IoP) – linking 

humans within the SF; and the internet of everything (IoE), which is the combination of IoT 

and IoP. The capability of connected objects and people to fluidly exchange communication 

via a secure network promotes collaboration to achieve common goals. Communication could 

take the form of human-to-human (H2H), human-to-machine (H2M), and machine-to-

machine (M2M).  

▪ Virtualisation/Information transparency: The creation of a virtual copy identical with 

the physical factory environment is an essential piece of I4.0. This allows the collection, 

transmission, and availability of data from all connected entities within the CPS, and aids in 

the deployment of simulation models which can be used to make informed and appropriate 

decisions.  

▪ Real-time Capability: Data and information need to be available in real-time for the 

success of I4.0 manufacture as it enhances decentralisation.  

▪ Decentralisation: This, as discussed earlier, lies at the core of I4.0 manufacturing. The 

introduction of CPS allows process-critical decisions to be made in real-time for optimal 

production system efficiency. All connected entities on the network are freed to act and take 

decisions autonomously, with the end game being increased productivity.  

▪ Service Orientation: Servitisation of the production process entails boosting the value of 

products to customers (internal and external) by adding potential services they can consume. 

▪ Modularity: As a guiding principle, modularity ensures that CPS and SF are flexible, and 

can easily and quickly adapt to different requirements. This feature of agility means 

individual production lines can be contracted, expanded, or replaces without disrupting other 

concurrent processes.  

The design principles and components of I4.0 presented above give an indication of the complexity 

of the new manufacturing paradigm. Gorecky et al. (2014) suggest that the adoption of I4.0 will 

result in a reconfiguration of production processes in factories, and hence, change manufacturing 

tasks and jobs. The multiple components and sub-technologies assigned to the I4.0 concept —  



 

24 

 

Chiarello et al. (2018) identify 1,200 sub-technologies — highlight the fact that I4.0 is more of a 

collective term (Gilchrist, 2016), and potential adopters can select and implement any of the 

technologies that will be relevant to their operations. Considering this, Hermann et al. (2016) 

contend that the six principles serve not only to guide the implementation of I4.0, but also to 

characterise it. The core theme running through these principles is the connectivity and free-flow of 

information between intelligent systems and people – in other words, digitalisation. I4.0 represents 

the digitalisation of manufacturing (Bonekamp & Sure, 2015). Based on this, this research adopts 

the definition of I4.0 given by Oesterreich and Teuteberg (2016), “Industry 4.0 can be described as 

the increasing digitisation and automation of the manufacturing environment as well as the creation 

of a digital value chain to enable the communication between products and their environment and 

business partners” (p.122) as this recognises digitisation - and hence digitalisation - as the first 

step in I4.0 advanced digital manufacturing (Frank et al., 2019).  

 

2.7: Claims for Industry 4.0  

Trends in manufacturing have been forecast to include customer-driven production, increasingly 

sophisticated consumer demand, shorter product lifecycles and expanding variety of output (Jäger 

 et al., 2016). I4.0 has been proposed as a solution to these challenges. Likewise, a multitude of 

claims have been touted as benefits accruable to manufacturers, countries and regions who 

implement I4.0 manufacturing technology. The interesting point of these assertions, however, is 

there is little or no empirical evidence backing them up, and so, they remain mere assumptions and 

projections. I4.0 is such a novel idea that Drath and Horch (2014) contend, “It is difficult to imagine 

all the possible consequences of an industrial production that largely follows the concept” (p.58). 

Despite this statement, there is the tendency for I4.0 to be regarded as a panacea for ailing 

industrialisation, flagging demographic metrics, and stagnating economic growth. There is the 

danger that, just like AMT, the I4.0 paradigm will overpromise and underdeliver. Hirsch-Kreinsen 

(2016) suggests the aura of ‘hype’ or ‘rhetorical exaggerations’ characterises the I4.0 debate, and 

argues there are difficult economic, social, and technological barriers yet to be faced. The author, 

raising the spectre of an innovation paradox – a term used when a technological innovation carries 

the seeds of its own destruction – strikes at the core of I4.0 by declaring that “smart systems with 
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their technological principles of decentralisation, automated self-organisation collides with 

widespread organisational concepts of standardisation and Lean Production, by which often 

sustainable efficiency gains and increases in the steerability potential of processes are realised. In 

this regard, the concept contradicts in several ways the dominant guiding wisdom on how to 

structure an efficient factory” (p.10).  

I4.0 is thus confronted on the one hand by apathy, gloom, and naysayers, and on the other by 

techno-optimism and those who view it as the solution to all manufacturing conundrums. It is 

evident, therefore, that empirical studies into all facets of the phenomenon are of critical 

importance. Irrespective of whatever stance scholars take, the fact that is I4.0 is already happening 

within some factories and economies – as evidenced by the various national programmes and 

research reports highlighted above in section 2.3 under the fourth IR - and its a-priori announcement 

provides researchers the opportunity to guide and shape its development. Considering this, the 

following benefits of I4.0 have been claimed in the literature:  

I. Improved productivity of a manufacturing process that is powered by cyber-physical system 

(CPS) technology. Elements within the network can optimise their individual operations 

through autonomous control and agile adaptability to changing stimuli. This will lead to lower 

operational costs and increased profit margins. Rubmann et al (2015) predict the German 

manufacturing sector, through I4.0 technology, stands to boost its productivity by €90b - 

€150b over the next ten years. The virtualisation aspect of I4.0 ensures that all inputs in the 

production cycle are carefully calibrated because simulation models have been conducted 

prior to the actual run. In addition, the end-to-end integration of a manufacturing value-

chain that promotes continuous feedback of data and information on inventory levels, 

materials quality, machine and production parameters, and product use and performance 

aids further system and product re-engineering (Brettel et al., 2014; Pereira & Romero, 

2017; Unzeitig et al., 2015).  

II. I4.0 is also projected to drive revenue growth and government value-added GDP. This will 

be through the increasing consumer demand for varied and customised products, and rising 
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manufacturers’ demand for enhanced machinery and other I4.0 innovations (Mohamed, 

2018; Jäger et al., 2016; Gilchrist, 2016).  

III. Mass customisation (MC) or digital individualisation in which small batches of output are 

produced will become more economically viable under I4.0. These items are produced at 

very low costs that even the manufacture of a lot (batch) size of one can be profitable (Lasi 

et al., 2014). I4.0 makes possible the matching of demand without the need to scale, and 

so customers, being more involved in the process, can request personalised features or last-

minute changes (Wang et al., 2017; Shrouf et al., 2014).  

IV. I4.0 integration will lead to shorter innovation timespans and production processes which 

could cause a fall in unit prices of products, and thus encourage business competitiveness. 

It is hypothesised that I4.0 will nullify the advantages of siting factories in low wage countries 

and promote global competition (Bal & Erkan, 2019; Gilchrist, 2016; Háry, 2016). This, it 

will be recalled, is the reason behind the German government’s strategic initiative. I4.0 would 

reduce the attraction of offshore factory sites, and so encourage the development of local 

manufacture. I4.0 is seen as a means of re-shoring manufacturing jobs (Muller et al., 2017; 

Gebhardt et al., 2015).  

V. Growth in employment: This predicted benefit is very contentious. Some researchers are of 

the view that I4.0 will cause massive unemployment (Frey & Osborne, 2013). Others, 

conversely, see I4.0 stimulating demand for high-skilled high-wage labour in software, IT, 

and engineering disciplines; though they concede the net gains will be small (Pereira & 

Romero, 2017, Rubmann et al, 2015).  

VI. I4.0 is expected to encourage sustainable manufacturing through the more efficient 

utilisation of resources. Waste minimisation or elimination will result from a cyber-physical 

system (CPS) that knows the exact quantities of input variables. Furthermore, the addition 

of customers to the production process means that products can be engineered to suit their 

requirements – a possibility that leads to higher purchase satisfaction and product 

appreciation. There is also the vision of a Green energy-adaptive SF that responsibly 

consumes and recycles energy and can transfer its excess to the national grid (Behmann & 
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Wu, 2015; Neugebauer et al., 2016). Socially sustainable employment is another promised 

benefit (Saggiomo et al., 2016).  

In summary, it is claimed that the implementation of I4.0 technology will be beneficial to 

manufacturing operations, workers, and national and global economies (Kagermann et al., 2013; 

Gilchrist, 2016). Such benefits, however, are yet to be established as empirical research on the I4.0 

phenomenon is at a nascent stage (Sung, 2018).  

 

2.8: Manufacturing in New Zealand 

In New Zealand, the business landscape predominantly consists of small and medium-sized 

enterprises (97%)(Stats NZ, 2020a), the country is geographically remote and has a relatively small 

population size. Although there is no official definition of a small enterprise in New Zealand, 

businesses with fewer than 20 employees have traditionally been termed as such (Jurado & Battisti, 

2019; MBIE, 2017), while those with 20 to 49 workers are regarded as medium enterprises (Small 

Business Council NZ, 2019). Manufacturing added NZD24.3 billion to the economy as at year end 

March 2020 – a 11% share of real GDP – and at 244,000, employs just 9% of the working population 

(MBIE, 2020). The industry is characterised by a diverse group of niche-focused manufacturing 

companies that provide customisable user-centric product and service offerings (Taylor et al, 2018). 

Manufacture of electronics, remote-controlled assistance systems for agriculture, biotech and bio-

medical devices, food and beverage, and pharmaceuticals saw the sector generate NZD9.4 billion 

in export income as of March 2020 and the value of its finished goods was NZD11.6 billion in 

December 2019 (MBIE, 2020). The result of such specialised product manufacture is that the 

industry depends mainly on the international market, with between 60 – 70% of its total output 

being exported (MFAT, 2020) to its main foreign markets of China, Australia, the US, the EU, and 

Japan. 

However, just as in most other OECD economies, the industry’s contribution to national GDP has 

steadily declined in favour of the service sector (Pilat et al., 2006; Stats NZ, 2012). This is a global 

trend to which Industry 4.0 digital manufacturing was proffered as a remedy (Kagermann et al., 

2013). And, although New Zealand, unlike Germany, the US, China, France, Japan, the Netherlands, 
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and Belgium, does not have a formal policy on I4.0, it launched, in July 2019, a strategic direction 

for growing innovative industries in the digital age (MBIE, 2019). In the strategy document, the 

government pledged to implement “the Industry 4.0 Demonstration Network programme to increase 

uptake of Industry 4.0 technologies and processes across manufacturing sectors, improving 

productivity and competitiveness with budget funding of $6 million over four years” (MBIE, 2019, 

p.44). Information concerning the modalities of such a network remain unclear, though it appears 

Callaghan Innovation, tasked with promoting innovative practices and processes, hopes to “develop 

a mobile I4.0 showcase, a network of I4.0 site visits, and access to and observation opportunities 

in two Smart Factories” (Gets.govt.nz).  

Allowing local manufacturers to view and experience I4.0 digital manufacturing technologies in an 

actual factory environment encourages awareness and understanding of the new paradigm and is a 

commendable move comparable to the move by Australian governments to fund I4.0 test labs to 

the tune of $5 million (Gallagher, 2017). The I4.0 network initiative is of critical importance if New 

Zealand manufacturers are to continue competing favourably on the global stage and retain 

domestic relevance, provide high-value employment, and contribute to the national economy. 

However, as Halteh et al. (2018) argue, there is also the need for empirical studies in the unique 

NZ context so that we can “better understand the drivers, constraints, extent and impacts of 

technological change on business practices and outcomes, including employee engagement” (p. 

211). Both actions – encouraging the uptake of I4.0 technologies via public policy and conducting 

industry linked research - would support the drive for ‘good jobs’, ‘high-skill’, and ‘high-wage’ in NZ 

manufacturing (MBIE, 2022). This study, therefore, follows the research agenda set forth in Halteh 

et al. (2018), to uncover the extent to which new advanced technologies are being deployed in NZ 

manufacturing companies, the constraints faced, the impact on staffing strategies, and the 

implications for skills and training.  

As has been noted at the beginning of this section, the data from Stats NZ (2020a) reveals that 

approximately 97% of all manufacturing companies in New Zealand are small and medium-scale 

enterprises (SMEs). It is, therefore, pertinent to deliberate on the arguments concerning SMEs 

within the I4.0 literature. 
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2.9: Industry 4.0 and Small and Medium-scale Enterprises (SME) 

The idea of approaching the adoption of I4.0 advanced digital manufacturing in a gradual fashion 

would appear best suited to smaller manufacturing companies which - unlike their larger 

counterparts - have fewer resources, operate in minor markets, often only produce niche items, and 

have weaker interactions within their ecosystems (Moeuf et al., 2018). The digital transformation 

of manufacturing plants is recognised as the key element or building block of I4.0 digital 

manufacturing (Roblek et al., 2016; Erol et al, 2016; Lee et al., 2014), and Quinton et al. (2018), 

in a conceptual paper, identify SMEs as possessing distinctive advantages that can aid the process. 

These characteristics include smaller organisational size which could lead to a faster and less 

onerous transformation, entrepreneurial setup and power centralisation which eliminates multiple 

layers of approval, learning orientation and an innovation leaning approach.  

However, these characteristics cannot, of course, be said to be inherent in every SME, and various 

studies show that technology adoption by SMEs depends on a multitude of internal factors (e.g., 

Chang & Hughes, 2012; Ramdani et al., 2009; Dibrell et al., 2008; Aragón‐Sánchez & Sánchez‐

Marín, 2005; Thong, 1999). Other extant studies show that SMEs, also due to their unique features, 

frequently approach innovative technology uptake in somewhat of an ambivalent manner (Wuest et 

al., 2018; Terziovski, 2010; Nguyen, 2009). The attitude to innovation of the owner/CEO coupled 

with limited financial and human resources, reluctance to transition from legacy systems and to 

expand network alliances can cause SMEs to take a tentative approach in adopting available 

innovations (Terziovski, 2010).  

In addition, the fact that most of the conceptualization on I4.0 is geared towards Mult-National 

Enterprises (MNEs) and larger manufacturing companies makes it harder for SMEs to identify how 

and if the new paradigm is of any relevance to them (Andulkar et al, 2018; Arnold et al., 2016; 

Radziwon et al., 2014). This is unfortunate as SMEs are regarded as drivers for inclusive economic 

growth, social integration, and sustainability, and on the average account for 18.4% of 

manufacturing jobs across OECD countries (OECD, 2018; 2020a). The omission is now being tackled 

as more scholars study the feasibility of I4.0 technology implementation in manufacturing SMEs by 

developing suitable assessment tools and roadmaps (e. g., Mittal et al., 2018; Muller & Voigt, 2017; 

Ganzarain & Errasti, 2016; Anderl et al., 2015). Nevertheless, as the study by Muller et al. (2018) 
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indicates, SMEs, faced with the prospect of I4.0 advanced digital manufacturing, approach its 

adoption with caution. 

2.10: Conclusion 

In this chapter, I have presented and discussed the concept of I4.0 and highlighted its link to and 

differentiation from the preceding revolutions in industry and earlier production systems and 

philosophies including advanced manufacturing technologies (AMT), integrated manufacturing (IM), 

flexible manufacturing (FM), and lean manufacturing (LM). Relevant literature charting its 

conceptualisation, purpose, technological pillars and components, design principles, and possible 

benefits have been reviewed. Thereafter, the nature of the New Zealand manufacturing industry 

was examined, and because of it being mostly composed of small and medium firms, arguments 

from the literature regarding the interplay between the I4.0 paradigm and operations of SMEs were 

discussed.  

The aim of the chapter was to provide an encompassing theoretical background of I4.0, as it is a 

relatively new field of study and a central focus of this research project. Hence, communicating a 

clear understanding of the concept is essential. Equally important is the assessment of the NZ 

manufacturing context, as this information is necessary for the project to achieve its first stated 

objective. To guide this research, I have chosen the definition of the I4.0 concept given by 

Oesterreich and Teuteberg (2016), “Industry 4.0 can be described as the increasing digitisation and 

automation of the manufacturing environment as well as the creation of a digital value chain to 

enable the communication between products and their environment and business partners” (p.122), 

because it recognises that digitalisation is the principal characteristic of the I4.0 paradigm.   

To reiterate, however, theoretical and practitioner work on the concept is progressing at a fast rate, 

driven, not only by technological advancements, but also economic, social, and political factors 

(Pfeiffer, 2017b; Ghobakhloo, 2018). As Hofmann and Rusch (2017) contend, the vision of I4.0 has 

solidified, but it is still early days for it to completely transform the manufacturing industry.  

The succeeding chapter is the second major review of literature in the thesis and is centred on the 

theory of work organisation.  

  



 

31 

 

Chapter 3: Literature Review II - Work Organisation 

3.1: Introduction 

In any work setting, regardless of the technology, the requirements for control and 

coordination can be determined and then there is, in practically every instance, a choice 

open to management about how much of that control and coordination is left to the people 

actually performing the activities (Emery, 1987; as cited in Fox, 1995, p. 94). 

The focus of this second literature review chapter, as the above statement indicates, is on how 

machines, technologies, and the work of humans can be structured to achieve organisational goals. 

This process has been an area of interest for scholars in human resource management, 

organisational behaviour, work psychology, and industrial engineering for over a hundred years. 

The organisation of work is important, not least because of how it impacts the everyday working 

experience of people, but it is also the way through which modern society creates, distributes, and 

exchanges the ideas, goods, and services it needs to sustain and advance itself. Thus, as Nicholson 

(2010) discusses, an evolutionary perspective of work design considers the individual, 

organisational, and wider environmental context in which work occurs and the “nature of the goals 

that work serves” (p. 424). Work organisation theory has been critiqued for focusing on the latter 

and not paying adequate attention to the former (Grant & Parker, 2009; Wall et al., 2002; Peiro et 

al., 2020). The discipline contains a detailed body of research on how job design, job characteristics, 

and skill utilisation affect individual and team satisfaction, mental and physical health, motivation, 

and performance. Nevertheless, the frenetic pace of technological advancements (including the use 

of digitalisation, automation, artificial intelligence), demographic shifts, and sudden socio-cultural 

changes in response to pandemics, calls for an expanded reorientation to make sense of modern 

work. 

This chapter presents a discussion, from a historical perspective, on the salient parts of work 

organisation theory for the current research. It highlights the still dominant scientific management 

perspective behind organising work in manufacturing industry (Gunsel & Yamen, 2020; Wilkesmann 

& Wilkesmann, 2017; Lawrence, 2010), and offers an examination of the idea of work under the 

concept of I4.0. Here, the chapter considers the viewpoints surrounding the probability of how the 
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skill profiles and people management strategies in manufacturing might change under the I4.0 

paradigm. Thereafter, the focus of the chapter moves to the key work organisation theories relevant 

to the study. The two theories of sociotechnical systems (STS) and action regulation theory (ART) 

will contribute critical themes with which to view the organisation of work under I4.0. The choice of 

sociotechnical systems theory was based partly on the fact that conceivers of the I4.0 paradigm 

conceptualised this new manufacturing revolution to be most efficient when implemented with STS 

approaches (Kagermann et al., 2013, p. 53). Furthermore, STS is a motivational theory of work 

design that offers both organisation and individual levels of analysis, while ART - being an 

individualistic cognitive-behavioural theory (Frese & Zapf, 1994) - focuses on individual analysis. 

STS advocates organising work to enhance employee participation and satisfaction in a jointly 

optimised social and technical system that suits the needs of the organisation and the workforce 

(Klein, 2014). ART emphasises the cognitive and behavioural self-development of employees. These 

theories, in centring humans in the organisation of work through design elements that preserve 

dignity and enhance their work-lives, can be regarded as humanising, and contrary to Taylorism 

and its modern-day incarnations (Oeij et al., 2017). This combined approach was used by Strohm 

(2002) to evaluate and redesign a machine-building manufacturing company and the human 

resource department of a research institute. The author used elements of ART (task planning and 

execution, task variety, opportunities for learning and development) and STS (complete and 

challenging tasks, technical and organisational optimisation) in designing individual and group level 

work. Jones (2006) also adopted a ‘Socio-Technical-Action-Regulation-Theory’ (START) model to 

conduct a four-level (individual, team, project, and organisation) analysis of the Australian film 

industry. The study combined STS and ART to assess organisational strategies, job design, 

specialisation of labour, task completeness, work regulation, and employees’ “subjective evaluation 

of the work situation and working conditions” (Jones, 2006, p. 71). The detailed discussion in the 

chapter furnishes the material from which a series of hypotheses to guide the study is developed. 

A theoretical model of the postulated parallel multiple mediated relationships between study 

variables is also provided. 
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3.2: Work Organisation in Manufacturing 

Work organisation refers to the structures, systems, and decisions concerning the coordination, 

control, and conditions of work in an organisation. It is a key concept in human resource 

management and work psychology, and describes how “jobs, tasks, and roles are structured, 

enacted, and modified, as well as the impact of these structures, enactments, and modifications on 

individual, group, and organisational outcomes” (Grant & Parker, 2009, p. 319). This 

conceptualisation of work is regarded as critical to understanding the realities of people’s work lives. 

Indeed, the theory of work organisation, according to Nicholson (2010), is the outcome of research 

conducted to address the detrimental effects of factory work in the early to mid-20th century. 

However, some scholars trace its roots back to the works of economists like Adam Smith (The 

Wealth of Nations, 1776), who theorised about how the breaking down of tasks into simpler subtasks 

could enhance efficiency, and Charles Babbage (On the Economy of Machinery and Manufacturers, 

1832), who saw in the division of labour the opportunity for cheap labour done by workmen of less 

skill. These ideas laid the foundation on which subsequent pioneers in industrial engineering and 

management built. For instance, the knowledge expounded by Frederick W. Taylor in his 1911 book 

– The Principles of Scientific Management – was based on his stopwatch time studies of steel 

manufacturing operators at the Midvale company in 1881, but the use of a stopwatch was the idea 

of Taylor’s mathematics lecturer who regularly timed how long his students took in solving a problem 

(Kijne, 1996). Thus, studies of time and motion, including the work of Frank and Lillian Gilbreth, 

form the nucleus of the scientific management drive to systematize getting work done faster. The 

focus was to improve worker efficiency and organisational productivity by specifying to the minutia 

the movements and timing required to complete a task – the ‘one-best-way’. There was to be no 

superfluous action or unplanned part of the worker’s day, to prevent employees from 

underproducing by putting in less than a full effort – a behaviour Taylor called ‘systematic soldiering’ 

(Taylor, 1998).  

In practice across mass production plants in the USA, Taylor’s principles of scientific management 

(Taylorism) were characterised by industrial rationalisation, standardisation of all processes, the 

transfer of knowledge from workers to management, and bureaucracy (Grachev & Rakitsy, 2013). 

Bureaucracy, though increasingly costly, was a critical element as the increasing specification of 
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work tasks necessitated a burgeoning supervisory or managerial class who had to plan and pre-

assign the work of each subordinate. Harris (2006) argues that Taylorism is a “production philosophy 

and a technical system that imposed strict criteria of economic efficiency on work processes” (p. 

110). Tayloristic recommendations for the organisation of work include keeping the tasks as simple 

as possible, specifying exactly what, how, and the duration of each task (which eliminated discretion 

and autonomy, and is described by Taylor (1911) as the economy of thought), and the creation of 

no-talking assignments (social interaction was a waste of time and energy) (Lawrence, 2010; Parker 

& Wall, 1998). These suggestions, as restrictive as they were, found full adoption in the factories of 

the Ford Motor Company, where Henry Ford – advancing scientific management even further – 

adopted the moving assembly line. This flow-line system, in which a conveyor belt or some 

mechanical transporter is used to move assembly work round the factory floor to employees at their 

workstations, led to even greater manufacturing productivity. In essence, however, it was the 

subordination of employees and their work activities to the monotonous pace and control of 

mechanisation. It would appear to be a complete realisation of Taylor’s vision of work – “in the past 

man has been first; in the future the system must be the first” (Taylor, 1998, p. ix). 

The principles and values of scientific management espoused in Taylorism and practised in Fordism 

continue to exert a powerful hold on how work is structured even at the present time (Lawrence, 

2010). There have been work psychology, sociology, and management scholars who, from the early 

days of Taylorism, have proposed and conceptualised alternative ways in which to organise work. 

Two of these work organisation models will be discussed in subsequent parts of this chapter. The 

detrimental effects of job simplification and routinised work on employees were confirmed in 

research work conducted by the Industrial Health Research Board, the National Institute of 

Industrial Psychology, Walker and Guest (1952), and Kornhauser (1965) in both Britain and the 

USA (Parker & Wall, 1998). These studies showed that workers suffered from boredom, feelings of 

alienation, and neurotic illnesses, and gave impetus for the discovery of practical and theoretical 

solutions to work systemization. The earliest of these included job redesign efforts like rotation and 

horizontal enlargement, but which, as argued by Parker and Wall (1998), in ignoring the lack of 

autonomy experienced by workers, failed to improve intrinsic job satisfaction. In addition, the 

human relations movement, characterised by the Hawthorne studies and researchers like Mayo 
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(1933), Roethlisberger and Dickson (1939), Likert (1961, 1967), and McGregor (1960), addressed 

employee motivation but empirical support for their work was poor (Grant et al., 2011). Turner and 

Lawrence (1965), in suggesting that job descriptions should include behavioural, technical, 

organisational, social, and personal elements, proposed six task attributes of variety, autonomy, 

required interaction, interaction opportunities on and off the job, learning time, and responsibility 

(Lawrence, 2010).  

Other work theories included the two-factor theory of motivation-hygiene (Herzberg, 1966; 

Herzberg et al., 1967), the job characteristics model (Hackman & Oldham, 1975, 1976), 

sociotechnical systems (Trist & Bamforth, 1951; Emery, 1959; Emery & Trist, 1960, Cherns, 1976), 

the demand-control model of strain (Karasek, 1979), and action regulation theory (Frese & Zapf, 

1994; Hacker, 1986, 2003). Furthermore, Grant et al. (2011) discuss contemporary approaches to 

work. These are often amalgamations and/or augmentations of the various theories and models 

specified above but offer a deeper and wider contextual framing of uncertainty, proactivity, 

dynamism, and creativity. Uncertainty, for example, whether pertaining to new technologies or 

materials or market conditions, has been argued and shown to influence how work will be configured 

in different environments (e.g., Wall et al., 2002; Wall & Jackson, 1995; Wright & Cordery, 1999). 

Boxall and Winterton (2018), in a discussion on high-involvement work processes (HIWP), progress 

this line of thinking further by suggesting that contingency factors like plant strategy and the capital 

intensity of production systems can affect the way work is organised in manufacturing.  

Issues concerning the organisation of work, including the introduction and use of technology in the 

workplace, social class, politics, ethnicity, gender, and identity, are central themes in the sociology 

of work. Scholars from the work sociology school have theorised and analysed the nature, 

dimensions, processes, experiences, and outcomes of work (Abbot,1993; Halford & Strangleman, 

2009). Various perspectives on the use of advanced technology in work and its effects have been 

suggested, such as the Social Shaping of Technology (SST) (Mackenzie & Wajcman, 1985), which 

holds that technology and how it is used in work is a product of a range of social factors and actors 

that influence its creation, adoption, and implications. Other work sociology perspectives include 

the Social Construction of Technology (SCOT) (Pinch & Bijker, 1984; Klein & Kleinman, 2002) and 
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Labour Process Theory (LPT) (Braverman, 1974), which is a political-economy theory based on 

Marx’s interpretation of the labour process under capitalist systems of production.  

Braverman (1974) argues that the main purpose of the labour process is the expansion and growth 

of capital, and that workers – driven by the need to make a living – are compelled to sell their 

capacity to labour (for an agreed time limit) to the owners and agents of capital. A key tenet of LPT 

is the recognition of the inherent tension in the labour process as the owners of capital seek, through 

various means (including the maximisation of working time and efficiency, use of production 

machinery, longer working hours, and labour intensity), to extract the “greatest useful effect of 

labour” (Braverman, 1974, p. 56) in their desire for surplus profitability. This antagonism is 

structural in employment relations and the workplace because, on one hand, labour is a factor of 

production which capital attempts to treat like any of the inanimate factors – divisible and 

interchangeable. On the other hand, labour is an active participant in the relations of production, 

and its creative involvement needs to be solicited by capital for effective competition in the market. 

Thus, the nature of work under capitalism is characterised by ‘structured antagonism’ (Edwards, 

1986, 2018), as management - being agents of capital and seeking surplus extraction – must 

coordinate and control the labour process for efficiency while obtaining worker consent. Vidal (2019) 

terms this as the dilemma of “standardization versus participation” (p. 253). The objective of 

standardization under scientific management entails the increasing deployment of machinery 

(technology) in the production process – a factor that Braverman (1974) argues engenders a 

degradation in work and deskilling of labour. Machinery is not regarded as a neutral or benign factor 

of production, because while its technical function may aid productivity increases, management uses 

it as a tool to divest workers of skills and exert and consolidate control over the systems of work. 

This pessimistic and determinist view of technology in the workplace characterised the first wave of 

LPT - Vidal (2019) mentions four distinct waves – and has been criticized for the non-recognition of 

labour agency and resistance (Burawoy, 1979, Armstrong, 1985, Vallas, 1990), being unaware of 

the existence of responsible autonomy (Friedman, 1977, 1986), and a romanticised view of craft 

labour in the 19th century (Rainnie, 1984).  

The second wave of LPT, however, sought to address these shortcomings and accusation of ‘monism’ 

(Storey, 1985). For examples, Edwards (1979, 1984) proposed models and mechanisms of control 
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(other than the direct control of Braverman) and resistance within the labour process. The author 

conceptualised structural control as consisting of technical control, which is embedded within the 

physical technologies of organisations, and bureaucratic control, represented by organisational 

policies, culture, espoused and enacted values, processes, and procedures (Kellogg et al., 2020; 

Vidal, 2019). This conceptualization has been extended to include normative, computer, and 

algorithmic controls (Frenkel et al., 1995; Elliott & Long, 2016; Wood et al., 2019; Gandini, 2019). 

The three control mechanisms in the workplace include the specification, order, direction, and pace 

of work, the coordination and assessment of work, and the punishment and reward of work 

(Edwards, 1979, 1984). In addition, Thompson (1989, 2003) provided a more focused ‘core’ of LPT 

by proposing a framework anchored in capitalist political economy to reinforce the fact that analysis 

in LPT covers the “transformation of labour power by different management workplace regimes: 

some of which gave workers greater autonomy, but none of which suppressed structural 

antagonisms of conflict and interests, and the ‘imperative of control’ that was a core characteristic 

of capitalism, given the need to extract labour power from the body of the worker” (Smith, 2016, 

p. 9). The organisation of work, as theorised under LPT, is a reproduction of the structures (the 

nature of control and ownership of production resources) existing in the society in which it is 

situated. Labour’s exercise of skill – within the dimensions of complexity and autonomy - is the 

central theme of work organisation (Adler, 2007), and capital, wanting to lower costs and gain 

greater control, restricts these dimensions by simplifying work.  

Hall (2010), considering the pervasive use of increasingly advanced technologies in the workplace, 

argued for a reinvigoration of core LPT. The author revised LPT by grafting in social constructivist 

elements to provide a deeper understanding of labour agency and the ‘ongoing and contingent’ 

nature of conflict in the workplace regarding the characteristics, introduction, and outcomes of 

technology. Hall’s (2010) proposition of a core LPT of technology embraces: 

▪ The centrality of technology in the labour process. Management, as capital’s agent, can 

influence the creation and development of technology and its adoption in work systems 

▪ The modes of control (direct, technical, bureaucratic, normative, computer, and algorithmic) 

in the workplace are transformed and made pervasive by technology 
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▪ The political-materialist impacts technological advancements may have on the power, skills, 

and experience of work of labour 

▪ The existence of labour resistance, misbehaviour, compliance, or consent as expressions of 

agency in the face of technological changes introduced at work 

▪ The non-deterministic outcomes of technology in work. This is because, “the impact of any 

given technological artefact will be shaped by labour-capital struggles over the way in which 

the technology is implemented and utilized” (Hall, 2010, p. 171). 

This reconceptualization of core LPT of technology highlights the fact that capital is not always 

successful in deploying technology to control and deskill because of worker agency and other 

attendant conditions (e.g., capital flows, firm concentration, competition, state strategies, labour 

rights, framework of incentives and constraints, and value logic of the business model) (Thompson 

& Laaser, 2021). Capital still adheres to the imperative to constantly renew the means of production 

for sustained capital accumulation, but the choice and effects of advanced technology in the 

workplace are influenced by the interests of internal and external actors (Hall, 2010). As a result, 

Edwards (2010) acknowledges that ethnographies and in-depth case studies are the ideal research 

methods in LPT studies because they are better suited for uncovering the linkage of technologies 

used at work and the broader political economy. This connection to the wider environment has, 

however, not been a consistent feature of LPT research which still concentrates on a narrow frame 

of analysis in the workplace (Thompson & Smith, 2009; Vidal, 2019; Jaros, 2005). Smith (2016) 

argues that LPT has acquired a restricted focus post Braverman (1974) and has become codified 

into catchphrases like ‘De-skilling Thesis’, whilst ignoring wider economic and sociological aspects 

of the expanding capitalist society, contraction of blue-collar work in favour of white-collar work, 

state-driven capitalism, spread of global capitalist firms, and capitalist labour markets. Thompson 

(2003) also contends that studies using LPT should be comprehensive and consider the political 

economy, firm governance, employment relations, and labour process (p. 360). Consequently, the 

idea of financialization or disconnected capital, as conceptualized by Thompson (2013, 2020), is an 

attempt to restore the link between workplace dynamics and the wider political economy. The 

concept holds that contemporary capitalism is characterised by the expanding influence of financial 
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markets and the pursuit of shareholder value where production factors, including labour, are 

exploited for the sustained growth of return on capital employed (ROCE). Capital, to meet and 

exceed the expectations of the stock market, adopts “low-cost finance-driven business models” 

rather than models of investing in labour (through improved work conditions, better remuneration 

and rewards) and in innovations (Thompson, 2020, p, 307). Thus, under this expanded LPT, the 

desire to satisfy the capital markets may mean that management will have fewer resources to invest 

in the adoption of advanced technologies that can make any meaningful impact on productivity, 

such as automation. This argument links back to the non-determinist perspective of technology. 

Nevertheless, as Pruijt (1997, 2003), Boje (2006), and Jones (2000) note, scientific management 

strategies that separate work conception from its execution, ‘thinking from doing’, and knowledge 

consolidation in management, are rife in modern systems of manufacturing work design but 

repackaged under new labels like lean production, business process reengineering, total quality 

management, and lean six sigma. These new incarnations of Taylorism address the bureaucracy 

problems of classical Taylorism but keep the “two core attractions of Taylorism intact: the promise 

that the best possible way will be uniformly used, and the promise to address … ‘systematic 

soldiering’” (Pruijt 2003, p. 81). The comparative efficiency of streamlined processes and systems 

configured in line with scientific management principles and through which technical control can be 

exercised remains a strong attraction. ‘Digital Taylorism’ - in which digitalisation is deployed to drive 

maximum efficiency through the standardisation of all techniques and processes for job completion 

(Gunsel & Yamen, 2020) - may become the philosophy of the new manufacturing paradigm. Indeed, 

a few industrial engineering scholars (e. g., Sanders et al., 2016; Wagner et al., 2017; Mayr et al., 

2018; Shahin et al., 2020) have suggested that lean management philosophy and practices would 

be enhanced through the implementation of I4.0 digital technologies, a melding termed ‘Lean 

Automation’ by Kolberg and Zühlke (2015).  Making a similar argument, Buer et al. (2018) states 

that I4.0 “and lean manufacturing share the same general objectives of increased productivity and 

flexibility” (p. 2924). This viewpoint represents the separation of the tools of I4.0 (the sub-

technologies) from its social attribute that, according to Kagermann et al. (2013), argues against 

restrictive control of human work. As discussed in the preceding chapter, it is recommended that 

the advanced technologies of I4.0 be implemented along with work systems that empower 
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employees (Kagermann et al., 2013). Nevertheless, the organisation of work in manufacturing 

under I4.0, as in any other industry, depends on the choices made by management. The myth of 

technological determinism (Smith & Marx, 1994) aside, management choice will likely be shaped by 

contextual and contingent factors (Waschull et al., 2020), and so, perhaps, the one-best-way may 

change as often as these factors change.  

3.3: Concept of Work in Industry 4.0  

The fate of human work under the I4.0 paradigm is yet to be seen. The final report of the I4.0 

working group (Kagermann et al., 2013) states, while referring to employees of smart 

manufacturing, “It is likely that their roles will change significantly as a result of the increase in 

open, virtual work platforms and extensive human-machine and human-system interactions. Work 

content, work processes and the working environment will be dramatically transformed in a way 

that will have repercussion for flexibility, working time regulation, healthcare, demographic changes 

and people’s private lives” (p.52). The virtual work platforms are the CPPS and SF housing the 

various operations of the production process, and these - as characterised by automation, complex 

networks, and abstraction - would not only change the nature of work but also have a deleterious 

effect on employee numbers. A case in point is the Foxconn Technology Group in Tuchang, Taiwan. 

The company, an electronics contract manufacturer for Samsung, Apple, Amazon, Sony, and Cisco, 

replaced 60,000 of its factory workers with its own brand of robots called Foxbots in 2016 

(SCMP.com). This development gives weight to the views held by some authors of the quantitative 

impact of digital technologies on employment (Brynjolfsson & McAfee, 2014; Frey & Osborne, 2013; 

2017).  

As stated in the preceding chapter, most of what has been discussed and written in the I4.0 

literature concerning its benefits and effects are conjecture, and not supported by any rigorous 

empirical data. However, based on the operations of certain key technologies within the I4.0 

platform and historical perspectives from previous innovation cycles, a few observations can be 

made. Firstly, there is a high probability that tasks which are repetitive, simple, or routine in nature 

- and hence easily programmable - will be assumed by automation (Bowles, 2014; Bessen, 2015), 

leaving more complex tasks that require higher cognition skills in the purview of the job holder. This 

situation will generate the need for job reclassification within organisations, and some roles will 
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likely be phased out. Jobs on traditional production lines or at product assembly points will most 

certainly be affected once the CPPS is in place. It has, however, been theorised that displaced 

jobholders could transition to become automation handlers, robot operators and machine co-

ordinators (Romero et al., 2016a; Kotynkova, 2017).  

Secondly, it would be hasty to assume only low-skill employees face the risk of being replaced. The 

digital technologies of I4.0 could very well substitute high-skilled tasks like production planning, or 

at least reduce organisational demand for multiple jobholders (Acemoglu & Restrepo, 2018). The 

Moravec (1988) paradox informs us that it is much easier for computers and intelligent robots to 

outperform humans in intelligence tests and strategy games than in displaying the mobility and 

perception skills of a one-year-old child. It is thus possible that I4.0 automates the tasks of a 

logistics manager but not the duties of the factory or company janitor.  

Scenarios describing the probable paths that work under I4.0 might take are replete in the literature. 

The technology of I4.0 has the potential to displace workers, making their current skills redundant, 

or it can augment the abilities of employees. These paths are not mutually exclusive though. It is 

not a question of whether I4.0 will cause deskilling or upskilling of manufacturing employees; both 

effects are possible. It has been suggested that automation under I4.0 will hollow out or polarise 

employment within the industry. This would create, at one end of the scale, low-skilled non-routine 

jobs, and at the other, high-skilled, well-paid jobs that are much sought after (Becker & Stern, 

2016; Hirsch-Kreinsen, 2016; WDR, 2016). This situation has been described as the era of “lousy 

and lovely jobs” (Goos & Manning, 2007). The reason for hollowing out the job spectrum is, 

according to Autor (2011; 2013), because mid-level jobs are often rigidly structured and guided by 

well-defined rules, and so, are better suited for automation.  

In addition, it has been highlighted in the literature that work and jobs in a I4.0 environment will 

require new skills and abilities. These consist of creativity, ideation (generating novel ideas and 

concepts), complex pattern recognition, strategic decision-making and flexible problem-solving, 

customer service, collaborative working, data mining, computer simulation, and robot handling 

(Brynjolfsson & McAfee, 2014; Gilchrist, 2016). Unusual combinations of disciplines, such as 

mechatronics (defined in section 3.6.1 below), will also be needed (Saggiomo et al., 2016). This 
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has led to the suggestion that comprehensive employee training and continuing professional 

development initiatives should be implemented before and after I4.0 adoption (Kagermann et al., 

2013; Stock & Seliger, 2016).   

The forecasting of the types of work that will be available under I4.0 include jobs where humans 

are assisted by intelligent automation in the production process, human workers co-ordinating the 

activities and operations of production robots, and human workers and robots each concentrating 

on the tasks best suited to their abilities (Romero et al., 2017a; Kotynkova, 2017). In addition, 

there have been claims that implementing I4.0 technology will create more attractive work 

conditions – the workplace would now be worker-centric rather than task-centric (May et al., 2015). 

The purported benefits include better self and career development, improved work-life balance, 

increased autonomy, flexible working, greater involvement in job-crafting and design, more 

personalised training opportunities, and less centralised management of work (Kagermann et al., 

2013; Bonekamp & Sure, 2015; Gorecky et al., 2014; Rubmann et al., 2015; Howaldt et al., 2017). 

On the other hand, it has been argued that I4.0 technology could result in heavier workloads for 

employees because of the likelihood of performance monitoring and the requirement to understand 

and handle complexity and to continuously develop new skills (Morton et al., 2019; Schroder, 2015; 

Gilchrist, 2016). 

However, the theorising of human work under I4.0 can be contradictory in relation to the 

technology, particularly when it is suggested that the employee be augmented by robot 

exoskeletons (Romero et al., 2016a). The logic behind the CPPS is that of an intelligent system that 

can control, predict, and optimise its processes without the need for human intervention (Shrouf et 

al., 2014). There is no reason, therefore, to entrench the human worker within its operations, 

especially given the fact that human error is the leading cause of system malfunction and failure 

(Im & Baskerville, 2005).  

The truth is, as mentioned at the beginning of this section, there is yet no conclusive idea or 

understanding of human working and workforce management strategies under the I4.0 paradigm. 

Recommendations have been given in the final report of the I4.0 working group (Kagermann et al., 

2013) detailing the necessity of adopting a sociotechnical approach to work organisation to ensure 
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that jobs are good, safe, and fair. The authors state, “CPS will therefore require new work 

organisation structures covering the entire value network in order to boost employees’ productivity 

and provide organisational structures that support individuals’ lifelong development” (p.35). 

However, no roadmap exists for how to achieve this whilst implementing the technologies of I4.0. 

Empirical insights, data and studies are still scarce – only a few exist in the current literature. For 

example, the cross-sectional study by Thun et al. (2019) of production managers and operators in 

10 Norwegian manufacturing firms found a lack of operator involvement in the introduction and use 

of I4.0. The I4.0 transformation was skewed in favour of managers with operators experiencing 

lower decision authority and autonomy. Also, Butollo et al. (2019) observed that worker autonomy 

and learning opportunities were low when digital assistance programmes were introduced in an I4.0 

pilot project in a German automotive supplier. The authors argue that the pre-defined settings of 

the digital systems could increase external control over work processes and that the manner of their 

current implementation could weaken employees’ bargaining power. The findings by Vereycken et 

al. (2021), based on data from 5609 manufacturing companies in the 2019 European Company 

Survey (ECS), show digital technologies in manufacturing encourage greater employee involvement, 

job complexity, and skill development, but have no impact on employee autonomy. Conversely, 

Szalavetz’s (2022) exploratory research on manufacturing in the Hungarian sector, and based on 

20 interviews from 13 companies, found that, “ digital technology implementation simplifies work 

and increases routine on the shop floor” (p. 19). Such diverse findings highlight the need for more 

contextual and interdisciplinary research on the impact of I4.0 on work and skills in manufacturing.  

3.4: The Sociotechnical Systems Argument 

3.4.1: Background 

Sociotechnical systems (STS) is a term, coined by researchers at the Tavistock Institute of Human 

Relations, to describe and conceptualize the work organisation at a coal seam in a South Yorkshire 

colliery. In this work system, miners were organised in ‘relatively autonomous’ groups that had 

responsibility for getting coal from the seam in one entire work cycle and were able to proactively 

make decisions that affected their work and so self-regulate work tasks (Trist, 1981). The system 

was organic, it was conceived by the miners themselves as a way of adapting their operations to 

the increased use of mechanization at the coal mine. Mechanization, in the form of coal-cutters, 
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mechanical conveyor belts, power loaders, and strippers, was introduced to make the process of 

coal-getting – where a single ‘long-face’ of coal seam wall could be worked simultaneously – more 

efficient (Trist & Bamforth, 1951). This process became known as the ‘Longwall method of coal-

getting’ and engendered a bureaucratized and mechanistic work system built on the lines of 

Taylorism (Mumford, 2006). The system entailed the breakdown of the craft work of coal-getting 

into distinct “one-man-one-task roles” with the institution of external coercion, supervision, and 

control (Trist, 1981). In pre-mechanization, two paired craftworkers – in a partnership that lasted 

several years – were responsible for extracting coal from a ‘short face’ on the coal seam. However, 

the new longwall method had work cycles of 40 – 50 men working in three successive shifts of 7.5 

hours to extract coal from a 180 – 200-yard seam wall to meet each day’s predetermined output 

quota (Trist & Bamforth, 1951). The tasks allocated to the three work groups, who had no physical 

interaction with each other, were distinct but successive, with each depending on the preceding for 

input. 

Coal was particularly important in post-war Britain as it was the main source of power for industrial 

and domestic use (Turnheim & Geels, 2013). The coal industry was nationalised in 1947 to secure 

a steady and affordable supply of coal. However, despite efforts that had been made by the 

government through investments in mechanized technologies, the offer of higher wages, and 

modern amenities, levels of productivity in the industry failed to improve (Fox, 1995). Other issues 

plaguing the sector included worker flight where coal miners were deserting coalfields to seek better 

work opportunities in factories, high levels of absenteeism, and frequent labour disputes between 

trade unions and management (Trist, 1981). van Amelsvoort (2000) argues that these problems 

were manifestations of the ‘backward social system’ that existed within the industry. Trist and 

Murray (1990) contend that the new mechanized technology with its separation of task planning 

and execution, rigidly defined tasks and roles, and prescribed processes led to the fragmentation of 

the social cohesiveness that had previously existed in coal mining work. This pre-mechanization 

equilibrium (Trist & Bamforth, 1951) under the shortwall or hand-got work practice could not be 

sustained under a technical system intended for the largescale mass-production of coal. 

Furthermore, there seemed to be little acknowledgement or awareness of the possible social impact 

of the new technology. As a result of this technocentric approach, the introduction of the mechanized 
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technical system created a work structure that was patterned after itself and which caused friction 

with the work-lives of coal mining employees.  

Against this backdrop, workers at the Haighmoor seam in South Yorkshire formed a way of working 

that eliminated those frictions and which resulted in increased productivity, high personal work 

commitment, and low incidences of absenteeism and workplace accidents (Trist, 1981; van 

Amelsvoort, 2000). It was this work system that Eric Trist and Fred Emery (psychologists), Ken 

Bamforth (a postgraduate and an ex-coal miner with a trade union background), and other 

researchers at the Tavistock Institute analysed and conceptualized as the sociotechnical design of 

work systems in which economic performance and job satisfaction were regarded as equal joint 

outcomes (Trist, 1981). Mumford (2006) argues that a sociotechnical design is a “means for 

optimising the intelligence and skills of human beings and associating these with new technologies 

that would revolutionise the way we live and work” (p. 320), and posits that the concept’s 

fundamental values include: 

▪ The democratization of work through employee decision-making and participative 

communication, and 

▪ The humanization of work through prioritising the needs of employees to be as important as 

the ‘non-human parts’ of the organisation. 

Other scholars have since added to these values. For instance, Clegg (2000) argues that people 

should be considered as assets and not costs, that technology and machines should be regarded as 

tools to help people achieve work goals, and that the two main components possess complementary 

abilities to help organisations meet set objectives. Also, Eason (2014) adds that workers in the 

system should be involved in its design.  

The central theme in the STS concept is the ‘Joint Optimization’ of the social and technical systems 

in an organisation (Emery, 1959). The social system refers to the human component, which being 

sentient, can adjust and adapt in response to changes in the environment, and includes occupational 

roles, task coordination and control, interpersonal relations, and responsibility. The technical system 

comprises artefacts like technologies, machines, degree of automation, formal and informal 

structures, materials, processes, and routines (Fox, 1995; van Amelsvoort, 2000). Trist (1981) 
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contends that these two systems are interrelated, and equal attention and development should be 

given to each to achieve a state of effective operational equilibrium. The author states, “changes in 

technology bring about changes in values, cognitive structures, lifestyles, habitats and 

communications which profoundly alter a society and its chances of survival. Sociotechnical 

phenomena are contextual as well as organisational” (p. 11).  

 

3.4.2: Job Design Under Sociotechnical Systems 

In further development of STS theory, Emery (1964, 1976) – borrowing elements from the research 

done by Lewin (1935) on person-task relationships – conceptualized six intrinsic characteristics of 

high-quality jobs. These characteristics were themselves incorporated into the nine principles of 

sociotechnical systems design by Cherns (1976), later updated to ten by Cherns (1987), and then 

modernised and expanded to nineteen by Clegg (2000). The principles were formulated as a 

framework for the design, analysis, evaluation, and prediction of existing and current work systems 

(Eason, 2014). There is, for instance, the principle of minimal critical specification which 

recommends that workers be able to choose their own methods of work, the principle of 

multifunctionality by which a redundancy of functions is designed into work to encourage learning, 

flexibility, and multiskilling, and the principle of controlling variances at the point of origin which 

specifies that workers who experience such deviations are best placed to resolve them (Mumford, 

2006). Of particular interest to the present study, however, is the principle on design and human 

values as it describes the properties of well-designed jobs, and the values it espouses underpin all 

other principles (Cherns, 1987). The six characteristics as discussed by Trist (1981, p. 29-30) are: 

▪ Variety and Challenge – Jobs should provide variety and be reasonably challenging ‘in terms 

other than sheer endurance’ 

▪ Continuous Learning – There should be the opportunity for people to learn new skills on the 

job and to continue learning (linked with previous characteristic) 

▪ Autonomy and Discretion – Jobs should contain scope for individual decision-making 

▪ Support and Recognition – Good quality jobs need to provide a degree of social support for 

the worker, and the value of what they do should be acknowledged in the workplace 
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▪ Social Relevance – Work should afford dignity to the worker and make it possible to relate 

what is done in the job to the worker’s social life; there is dignity in labour 

▪ Desirable Future – Jobs must lead to a positive future that workers view as desirable.  

However, as Clegg (2000) argues, the principles and values of the STS concept have been critiqued 

as lacking in specifics to guide the design of work. Further criticisms include the assertion that the 

STS approach lacks an ‘effective business dimension’ (Mathews, 1997), the fear that its use requires 

sustained effort and understanding, and so shortcuts are taken instead (Majchrzak & Borys, 2001; 

Cherns, 1987), that the concept displays an overwhelming focus on the social system at the expense 

of the technical, overlooks the external environment, and fails to address competition (Adler & 

Docherty, 1998). Also, Scarborough (1995) suggests that STS might not adequately address 

emerging virtual organisations which do not possess defined social and technical components, while 

Van Der Zwaan and Vries (2000) say the theory does not account for individual character differences 

of workers and the ‘attendant’ culture existing in the organisation. Lastly, Kira and Van Eijnatten 

(2008) claim that STS theory is positivist, prescriptive, and results in “cookie cutter” predetermined 

designs of work. However, Emery (2010) addresses and refutes some of these criticisms. The 

author, presenting counterarguments set against each critique, contends that such claims 

misrepresent, innocently or negligently, the ‘highly integrated theory and methods’ of STS. Some 

of the contention may, perhaps, be due to the distinct ways in which the theory has developed in 

different parts of the world, and the fact that STS – conceived as an open system – is evolving over 

time and being used in a diverse range of disciplines (Eason, 2014). 

 

3.4.3: Divergence in Sociotechnical Systems 

According to Cherns (1987), “clear divergences have appeared and hardened between Scandinavian 

and North American approaches and applications” (p. 153), and van Amelsvoort (2000) 

acknowledges the cultural and ‘personal colourings’ that have resulted in the different 

developmental pathways STS theory has taken in various countries and regions. International and 

temporal comparisons of these variant streams have been conducted by Van Eijnatten (1993) and 

Mumford (2006) where STS developments in Australia, Canada, The Netherlands, the UK, the USA, 

and Scandinavian countries were examined. For instance, STS in Scandinavia (Denmark, Norway, 
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Finland, and Sweden) developed along the path of democratic participation, where employees were 

involved in organisation-wide decision-making dialogue on issues ranging from strategy formulation 

to shop-floor operations (van Amelsvoort, 2000). The Norwegian Industrial Democracy (ID) 

programme was one of the first STS field experiments outside the UK. It was conducted in four 

manufacturing plants and its aim was to secure the direct involvement of these manufacturing 

employees in work decisions ‘about what was done at their own level’ (Trist, 1981). However, 

despite the sustained success of the project, the expected spread of STS work restructure practices 

to wider Norwegian industry did not materialize. Nonetheless, a positive outcome was the 

incorporation into law of the democratization of work which gave workers the right to demand high 

quality jobs as characterised by Emery (1964, 1976). Sweden also implemented a ‘Joint Regulation 

of Working Life’ act which required trade unions and management to co-determine issues including 

strategic planning, productivity, work organisation, and employee welfare. While, in Denmark, a 

pact between employers and the federation of trade unions, aimed at  creating a ‘more contented 

workforce’, allowed workers to become ‘decision partners in their work situations’ (Mumford, 2006).  

STS in Australia, according to Van Eijnatten (1993), evolved in a participative design path in which 

middle management, trade unions, and employees adopted a ‘do-it-yourself’ approach to work 

redesign. This was because there were so few STS experts available, organisations were willing to 

follow a set of written recommendations and plans. Mumford (2006) suggests that STS projects in 

the US and Canada often reflect a management led, top-down approach aimed at increasing 

organisational efficiency and quality of working life which unions viewed with suspicion – “seeing 

them as an attempt to undermine their interests or to increase productivity to the disadvantage of 

the worker” (p. 329). However, Van Eijnatten (1993) considers the North American variant to be a 

mix of ‘classical Tavistock’ STS from the UK and impulses from returnee emigrants from 

Scandinavia. On the other hand, the Dutch version of the STS theory, called ‘modern’ sociotechnical 

systems (MST), follows a detailed and structured design framework for a two to four-year period of 

integral organisational renewal (IOR) which references performance criteria, market demands, 

worker participation, and the possibility of self-regulation of work processes (van Amelsvoort, 2000; 

Van Eijnatten, 1993).  
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As can be observed, the existence of such diverse interpretations of the concept, values, and 

practices of STS can result in some misapprehension. Trist (1981) had earlier theorised that the 

STS theory could be applicable at three levels – the primary work system, the whole organisation 

or industry, and the macrosocial system. It would appear, from the above, that the various streams 

of STS have carved unique pathways through national and regional landscapes. Furthermore, the 

STS framework has been co-opted by various disciplines. It has been used in resilience engineering 

(Hollnagel et al., 2006), road and rail transportation research (e.g., Salmon et al., 2018; Read et 

al., 2017), sports recreation (McLean et al., 2017; Hulme et al., 2017), nursing (Brooks & Anderson, 

2005), human factors and ergonomics (Carden et al., 2019; Waterson et al., 2015), and macro-

ergonomics and systems ergonomics (Kleiner & Hendrick, 2008; Hendrick & Kleiner, 2001).  

 

3.4.4: Relevance of Sociotechnical Systems  

In the decades since its conceptual development at the Tavistock Institute, STS theory has 

experienced both a golden age – in which its principles and values were tested in practice with 

positive results that encouraged further industry and research interest – and a seeming decline – 

where its focus on humanising and democratizing work was viewed as a “sandals and woolly socks 

philosophy” (van Amelsvoort, 2000, p. 17). Baxter and Sommerville (2011) suggest that the 

concept rose in popularity at a time when industries in many countries were rebuilding and 

expanding, and so needed to attract new employees while retaining current ones. In essence, 

demand for labour exceeded its supply, and management had the incentive to encourage 

collaborative approaches to the organisation of work. Therefore, there were numerous STS 

initiatives in manufacturing and service industries as evidenced by the meta-analyses conducted by 

Beekun (1989), Pasmore et al. (1982), and Cummings et al. (1977).  

However, as Mumford (2006) argues, unfavourable changes in the business climate and culture 

began to affect the progress of STS. Such changes included economic recessions, cost-based intense 

international competition with companies in Asia, job losses, and a desire to maximise shareholder 

value. The manufacturing performance of Japan’s industries, powered by the Toyota production 

system of Lean, caused many companies in Europe and North America to revert to or implement 

(to a greater degree) rationalisation in the form of neo-Taylorism (Walker, 2015). The information 
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revolution and the increased deployment of computer-assisted and networked technologies for work 

made it easier to routinise and rationalise complex organisational operations – a process that 

Moldaschl and Weber (1998) call “computer-aided neo-Taylorism”. Thus, STS lost ground to the 

new methods of organising work like Total Quality Management (TQM), Lean Six Sigma, and 

Business Process Reengineering (BPR) – all of which, if not exactly forgetting the ‘people part’ of 

the organisation, tended to cast it in a supporting role to the system (Wang, 2008; Naslund, 2008). 

As Pasmore et al. (2019) argue, the “STS era represented a hope that technological advances and 

human aspirations could be achieved jointly. Recurrent findings, however, demonstrated that the 

machine logic of hierarchically controlled, engineered work systems prevailed” (p. 70).  

Nevertheless, it would seem there is a resurging interest in the precepts espoused by STS theory. 

The meta-analyses by Coakes and Coakes (2009, 2010) which looked at the publication history and 

trends of management articles from the Business Source Complete repository for the period 1959 

– 2009, showed a growing focus on sociotechnical (and socio-technical) theory. The authors suggest 

the revival of interest is being driven by the expansion in modern digital work contexts. Indeed, 

several other scholars have called for a re-consideration of the STS framework to help in the design 

and evaluation of digitalised work. Winby and Mohrman (2018), for instance, observe that 

technology and business models are fast outpacing social systems, and contend that STS be used 

to resolve the “gap between the technical and human elements of a digitally enabled organisation” 

(p. 400). Similarly, the article by Parker and Grote (2020) contains the acknowledgement that the 

need for STS theory and its principle of joint optimization is as great now as it ever was. The authors 

recommend the revitalisation of sociotechnical thinking in job and work design research to address 

the consequences of big data and algorithms in the workplace. In addition, Pasmore et al. (2019) 

suggest that the digital transformation of work is a uniquely sociotechnical challenge, one that a 

systematized, tightly controlled, top-down work structure is unable to address. The authors’ closing 

argument is a poignant one, they state,  

Although STS theory and practice has been in the background for a while, the rapid advance 

of technology and the comparatively slow advance of ideas about how to organise may 

portend a resurgence in the sociotechnical paradigm. Human beings are benefitting from and 

being threatened by technological advances at the same time. These were the exact 



 

51 

 

conditions in the British coal mines that gave rise to the STS paradigm in the first place. 

What’s old is new again (p. 83). 

 

3.5: Action Regulation Theory 

Action Regulation Theory (ART) is a cognitive meta-theory whose roots lie in the psychology, 

cognition, human factors, field theory, systems theory, and activity theory research of German and 

Russian scholars including Kurt Lewin (1947; 1951), Leontiev (1978; 1981), Luria (1959; 1970), 

and Vygotsky (1962). It is a framework that conceptualizes goal-oriented behaviour and contends 

that actions are initiated and sustained by an identified purpose (Zacher & Frese, 2018). Hacker 

(1986) defines an action as the “smallest unit of behaviour that is related to a conscious goal” (Frese 

& Zapf, 1994, p. 274). The cognitive process is central to ART as it is through this that individuals, 

in response to stimuli from the environment, regulate their behaviour to achieve some work or 

personal goal. Frese (2009) describes it as a cognitive theory of work behaviour that integrates 

work aspects of skill development, job performance, stress, and errors to focus on objective work 

outcomes. The theory, used within the work environment, regards a task as the starting point for 

any work action, with the desire to accomplish it as the goal. The intensity of this desire will in turn 

determine the how much effort (or action) will be expended to achieve the goal. Tasks and goals 

that are exciting, challenging, and/or unique should elicit a greater amount of effort and so result 

in higher performance (Hacker, 2003).  

ART postulates that individuals, through a continuous cognitive process, regulate their actions to 

achieve goals. This cognitive process combines two interlinked perspectives: the action process 

(Action) and the hierarchical action structure (Regulation) (Frese & Zapf, 1994). The action process 

refers to the horizontal cognitive stages a person goes through when motivated by a goal. These 

are information gathering, planning, strategy formulation and evaluation, execution, and feedback, 

and represent the ‘action’ part of the concept. These stages are not necessarily sequential or linear.  

As Frese and Zapf (1994) state, the action process can be ‘chaotic’. In addition, the action structure 

refers to the levels of cognition involved in regulating actions. These include the sensorimotor level, 

which is the lowest and the place where actions, practiced often enough, become ‘automatized’; 
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then the flexible-action pattern level, where actions are executed according to situationally defined 

rules; the intellectual level, at which the person, faced with new information, consciously analyses 

goals and the external situation, evaluates alternatives, and decides on a course of action; and the 

meta-cognitive heuristic level, where the individual engages in abstract lateral thinking on how to 

resolve a ‘class of problems’ or reconcile logical inconsistences (Zacher & Frese, 2018; Frese, 2009). 

A core tenet of ART is that personality develops through the actions taken by individuals. It holds 

that since work actions influence the personality of the employee, well-designed jobs should consist 

of ‘complete’ and ‘meaningful’ tasks. Hacker and Melzer (2009) describe complete tasks as those 

that require the worker to go through the stages of the action process. This indicates that the 

employee exercises some degree of autonomy (or control in ART terms) over their work. Meaningful 

tasks are those that make use of the employee’s current abilities, encourage the development of 

new ones, and contribute to the overall outcome of the organisation (Frese, 2009; Hacker & Melzer, 

2009). Control in ART refers to the discretion the employee exercises over decisions regarding the 

way of proceeding (planning), the sequence in which subtasks are completed (methods), the speed 

of working, and the monitoring of execution and feedback (Oesterreich & Volpert, 1986). Feedback, 

as used here, is not that given by supervisors. Under ART, feedback is a mechanism for self-learning 

in which the worker - able to plan, strategize and execute actions to reach a challenging goal - can 

assess their progress at any point in the action process (Raabe et al., 2007). This cognitive 

assessment results in a behavioural adjustment if the goal is not accomplished in the way and 

manner planned or there exists a deviation or some new external stimuli (referred to as error 

management) (Frese & Zapf, 1994). Alternatively, if no error occurs, the action subsequently 

requires less cognitive involvement and so passes down the hierarchical action structure to become 

automatized. Therefore, according to Zacher (2017) and Frese and Zapf (1994), ART posits that 

well-designed jobs should: 

▪ Not result in the deterioration of long-term mental and physical health 

▪ Allow social interaction and not be isolating for the worker 
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▪ Provide opportunities for workers to develop both cognitive and procedural skills (problem-

solving, social, and general meta-cognitive skills) 

▪ Encourage the use of a person’s full abilities and creativity to develop their own goals and 

plans for work tasks 

▪ Allow workers to be ‘active’ in work, with monotonous and repetitive tasks avoided 

▪ Be acceptable in society 

▪ Give workers control (autonomy) over task sequence and timeframe, use of feedback and 

conditions of work. 

Of relevance to this study is the approach to work-related learning in ART. Proponents of the theory 

regard action and learning as intertwined and recommend that increasing complexity be designed 

into work tasks to further develop the intellectual functioning of workers. Zacher and Frese (2018) 

contend that training and learning are what differentiates super-workers from average workers. 

These top performers, exhibiting ‘intellectual penetration’ - which according to Hacker (1985) 

involves a clearer understanding of work tasks - combine ‘superior’ abilities to effectively strategize 

and act (Zacher & Frese, 2018). Under ART, therefore, there is one regulation resource and three 

regulation requirements that should feature in any job if learning and skill development at work are 

to occur: 

1. Control at work (Regulation Resource): Employees who exercise control “do better because 

they can choose adequate strategies to deal with the situation … they can plan ahead better 

and are more flexible in the event that something goes wrong … skills can only be acquired 

in a lifelong process when there is control at work” (Frese & Zapf, 1994, p. 319). 

2. Complexity (Regulation Requirement): Complexity refers to the relationship between a 

person’s skillset and level and the demands of the task. Higher complexity leads to a higher 

degree of regulation. Frese and Zapf (1994) regard complexities as ‘decision necessities’ and 

argue these should be in a positive association with ‘decision possibilities’ (control). 
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3. Variety (Regulation Requirement): Work should be a combination of challenging tasks and 

routine-based, knowledge or rule-based, and intellectual activities (Hacker & Melzer, 2009). 

There should be different actions required to complete a task as this demands greater 

regulation. 

4.  Complete Actions (Regulation Requirement): This refers to completeness in the action 

process (from goal setting to feedback) and completeness of regulation (all levels are 

exercised). Frese and Zapf (1994) suggest that incomplete or partial work actions lead to 

reduced competence and reduced ability to creatively resolve problems. The authors state, 

“complete activity is related to better health effects and higher productivity (p. 318). 

ART is an individualistic theory that, contrary to the ‘one-best-way’ of scientific management, offers 

a nondeterministic approach to job and work organisation (Frese, 2007, Raabe et al., 2007). 

Furthermore, Frese and Zapf (1994) suggest that the design of work due to the adoption of new 

technology is an area of interest to action theorists, and recommend workers be placed in active 

control of the technology and not simply act as its ‘monitors’.  

 

3.6: Key Theoretical Themes and Development of Research Hypotheses 

The suggestions of what constitutes good quality work in STS and ART overlap – with 

autonomy/control, feedback, and learning being central features of both. The main difference, apart 

from STS being a motivation theory of work design while ART is a cognitive one, is the level of 

analysis each theory allows. STS is useful for analysis at the individual, organisation, and 

macrosocial levels (Trist, 1981; Pasmore et al., 2019), and has traditionally been used to develop 

autonomous work groups. On the other hand, ART, according to Frese (2007), has an individualistic 

application. Both theories have been combined in a diagnostic tool to examine work tasks and 

management and organisational processes, systems, and structures (e.g., Strohm & Ulich, 1997, 

1999; Strohm 2002; Jones, 2006, 2007). Therefore, this study will adopt key themes from both 

theories to assess the organisation of work relating to the I4.0 advanced digital manufacturing 

paradigm. The research will use themes like the degree of employee autonomy or control in the 

form of involvement in decision-making, opportunity for training, skill use, and work-related 
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learning, and the incidence of work intensity to hypothesize, and thus, examine the effects of I4.0 

adoption on employee job satisfaction and physical and psychological well-being. These themes, 

which represent the variables of the study, are discussed below, and various postulations about 

their direct and mediated relationships are subsequently developed.  

 

3.6.1: Skill Requirements 

As explained in chapter 2, digitalisation of the manufacturing value-chain is likely to transform the 

skill profiles of workers within the industry because of the new technologies used and the demands 

workers will be expected to fulfil (Kagermann et al., 2013). The recalibration of manufacturing under 

I4.0, characterised by increased flexibility, speed and data-driven decentralised decision-making, 

requires employees who understand the core and peripheral systems, the interconnections between 

them, and who can skilfully utilise digitalisation within production (Ras et al., 2017). Lorenz et al. 

(2015) argue that I4.0 digital manufacturing will have a winnowing effect on current manufacturing 

tasks and jobs – some will become obsolete and be consigned to history, others that survive will 

evolve and be fused into something new. Manufacturing skillsets will also be impacted with technical 

skills gaining increasing importance at the expense of manual (blue collar) skills, because the roles 

of workers will, presumably, change from mere operators to problem-solvers, from being 

production-centric to being data and knowledge driven. Previous studies have suggested that the 

key competencies of employees in the future world of work under I4.0 should follow the ‘model T’ 

pattern of broad, horizontal transferable skills and deep vertical professional skills, or the ‘Pi-shaped’ 

and ‘comb-shaped’ patterns with two, three and even more vertical areas of expertise (European 

Commission, 2019; Demirkan & Spohrer, 2018). Broad horizontal skills include general 

competencies that are usable across disciplines and are necessary for effective collaboration in the 

workplace, while the deep vertical skills indicate expertise in specific technical areas. These workers, 

it would appear, are expected to be as multifaceted as possible in a bid to prove their employment 

suitability. It should be apparent, however, that each new vertical iteration reduces the likelihood 

of technical mastery and may lead to becoming the proverbial Jack of all trades, master of none.  
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The suggestions that workers need to be adaptable on both broad and deep skill bases perhaps 

reveals the ambiguity associated with predicting future work that arises due to the rapid pace of 

technological change. There is little consensus in the literature on the specific skills needed for work 

under I4.0 because of the sheer number of distinct mini technologies, about 1,200 according to 

Chiarello et al. (2018), and the contextual factor of different manufacturing sub-sectors (Ghislieri 

et al., 2018; Pfeiffer, 2017b). Nevertheless, there is general agreement that higher technical 

expertise will be expected from workers under I4.0 digital manufacturing. For example, Hecklau et 

al. (2016) synthesized I4.0 competencies into four groups – technical, methodological, social, and 

personal – while Gehrke et al. (2015) suggest just two categories – technical and personal. Also, 

Janis and Alias (2017) identify technical and non-technical competencies, and Gudanowska et al. 

(2018) argue that the key competencies include technical (professional), personal, social, and 

managerial abilities. It is safe, therefore, to say that technical skills will increasingly be required to 

handle the complexity of I4.0 technologies and processes of production, along with a mix of 

personal, social, and managerial skills. This emphasis will in turn lead to an upgrading of workers’ 

qualifications (Hirsch-Kreinsen, 2016). Based on the arguments presented above, the following 

hypothesis can be made: 

Hypothesis 1: Greater use of I4.0 manufacturing technologies is associated with greater 

requirement of advanced technical skills. 

In addition, soft skills are regarded in the literature as an imperative for workers in the I4.0 

workplace (Ghislieri et al., 2018). These abilities enable workers perform to well in complex 

situations, be resilient, flexible, able to operate effectively in cross-functional settings, and adopt a 

continuous learning mindset (Caruso, 2018). Highly skilled employees with both hard and soft 

competencies will be sought after in I4.0 manufacturing – especially because of the growing 

demographic change of a rapidly aging population in OECD countries and the fact that the paradigm 

is said to require new and unusual combinations of qualifications (for example, mechatronics which 

is a mix of electrical, electronics, mechanical, robotics, computer, telecommunications, systems and 

product engineering) – for the adept operation of its interdependent processes (Jerman et al., 2020; 

Stankovski et al., 2019; Rubmann et al., 2015; Skevi et al., 2014).  
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The more diverse responsibilities expected from employees may lead to increased remuneration for 

well skilled workers, and SMEs, being less resource-rich, could be at a disadvantage in the contest 

for I4.0 talent (Arnold et al., 2016). On the other hand, it has been suggested that high levels of 

automation might lead to skill displacement, with companies using low skilled, lowly paid workers 

to run and monitor the systems (Hirsch-Kreinsen, 2014). According to Kagermann et al. (2013), 

however, technical and system mastery are core requirements for an optimised I4.0 manufacturing 

process.  

Furthermore, the increased demand for skills under the I4.0 paradigm might remain unmet. These 

skills, being new and unsolidified, do not feature in the curricula of most educational and vocational 

training institutes so students are not being equipped (Motyl et al., 2017; Bologa et al., 2017). Also, 

manufacturing companies have long reported a general lack of internal technical capabilities with a 

30 – 45% gap in global talent experienced between 2006 and 2018 (World Manufacturing Forum 

Report, 2019). It is probable that I4.0, with its increasing demands for technical competencies, will 

exacerbate this talent deficit. This generates the second hypothesis: 

Hypothesis 2: Greater use of I4.0 manufacturing technologies is associated with greater skill 

shortages. 

In recognition of growing skill needs under I4.0, manufacturing companies are advised to institute 

training programmes before, during, and after technology implementation (Muller et al., 2018; Büth 

et al., 2018; Longo et al., 2017; Kagermann et al., 2013). The training is meant to equip workers 

with technical knowledge, human-machine collaborative abilities, and a clear understanding of the 

networked manufacturing value-chain. Not much detail, however, exists in the I4.0 literature on 

how workers are to acquire soft skills, and despite the insistence of their critical value to the 

paradigm (Motyl et al., 2017), it seems they are to play second fiddle to technical competencies. It 

is argued that the new digital manufacturing system is more than just advancements in technology 

– I4.0 was conceived at inception as a sociotechnical construct, and so the human and technical 

elements should be developed in tandem (Sony & Naik, 2020b; Schallock et al., 2018; Davies et 

al., 2017; Kagermann et al., 2013). The research by Cimini et al. (2020) of a multiple case study 

on I4.0 technologies and the resultant organisational changes in 10 Italian manufacturing SMEs 
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highlights the propensity to adopt a techno-centric approach to the paradigm. The study found that 

companies were more likely to invest in training for technical competencies than for non-technical 

or soft competencies. Nevertheless, various approaches to workplace training (in-house and 

external) have been proposed in the I4.0 literature. These include establishing learning factories 

(Büth et al., 2018; Baena et al., 2017; Reuter et al., 2017), high-technology fabrication laboratories 

or hi-tech fablabs (Angrisani et al, 2020; Lena-Acebo & Garcia-Ruiz, 2019; Karre et al., 2017), and 

the use of gaming technology – which, perhaps, is directed towards the younger members of the 

workforce (Perini et al., 2017; Schuster et al., 2016). It is logical, therefore, to hypothesise that the 

dearth of I4.0 ready skills, both in internal and external labour markets, will cause manufacturing 

companies to provide more training to their workers: 

Hypothesis 3: Greater use of I4.0 manufacturing technology is associated with increased training in 

manufacturing plants. 

3.6.2: Workforce Management 

As alluded to in the preceding section, it is in the long-term interests of I4.0 digital manufacturing 

companies to invest in their workers. These employers need to ensure they possess the required 

internal capabilities to take full advantage of advanced manufacturing technologies, either by 

developing these capabilities or by buying them, or by doing both. Companies presenting 

themselves as attractive places to work is strategic practice in the contest for talent in the future 

world of work (Hancock et al., 2020; Hecklau et al., 2016; Morgan, 2014). As mentioned in section 

3.6.1, scholars have suggested there will be changes not only in skill profiles because of increasing 

digitalisation, but also in how companies organise work (Bonekamp & Sure, 2015; Howaldt et al., 

2017; Pejic-Bach et al., 2020). Arguments have been made about advanced technologies and the 

negative influence they could exert on work conditions, job quality, autonomy, employee well-being 

and industrial relations (see: Haipeter, 2020; Kubicek & Korunka, 2019; Mouayni et al., 2019; Dean 

& Spoehr, 2018; Korunka, 2017). The I4.0 paradigm, which places greater demands on the 

‘subjective and potential’ competencies of employees (Kagermann et al., 2013), could lead to 

increased surveillance, control, and monitoring (Warnhoff & de Paiva Lareiro, 2019; Moro et al, 

2019). Also, Rainnie and Dean (2020), writing on manufacturing digitalisation and the uncertain 

quality of future work, warn of the “digitally driven debasement of high-skilled, high-waged work” 
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(p. 28). And Butollo et al. (2019), assessing an I4.0 pilot project on the use of assistance systems 

in an automotive firm, argue that these systems do “not necessarily increase autonomy, personal 

responsibility, and self-development” (p. 68). However, other scholars suggest that the way to avoid 

such precarious work conditions is to entrench human-centred management practices, in which 

flexibility, autonomy, teamwork, employee control over planning and quality, and involvement in 

decision making are included in the organisation of work, within the adoption strategy for I4.0 – in 

other words, a “democratisation” of the workplace (Kaasinen et al., 2020; Rauch et al., 2020; 

Kagermann et al., 2013). As discussed in sections 3.4.2 and 3.5, these are all elements of well-

designed jobs according to the theories of sociotechnical systems and action regulation. 

Furthermore, it would be interesting to find out if manufacturing companies use different talent 

management systems for employees. This differentiation in HR practices and investments follows a 

cost-benefit rationale of human capital in which various employee groups are valued according to 

how essential they are to the pursuit of the organisation’s strategic objectives, and the level and 

uniqueness of their skillsets (Lepak & Snell, 1999; Ulrich & Brockbank, 2005, Huselid & Becker, 

2011, Marescaux et al., 2013, Schmidt et al., 2017). I4.0, with its requirements for more 

comprehensive and higher-level skills (Saggiomo et al., 2016; Brynjolfsson & McAfee, 2014), may 

cause organisations to use distinct strategies to manage technical and non-technical occupational 

groups. Therefore, in the context of this study, two occupational groups will be assessed: operations 

workers (non-technical) and technical specialists and professional engineers (technical).  

Not much empirical work that studies the impact of the I4.0 paradigm on work and employment 

relations exists. Most, as those above, are speculative, and extrapolate from previous incarnations 

of ‘new’ technology introduced to manufacturing (e.g., the microchip and personal computing, 

Information and Communication Technology – ICT). Antecedents can, of course, be informative, 

and provide an investigation template for future technology phenomena. Nonetheless, the research 

by Gekara and Nguyen (2018) is noteworthy. It examines the introduction of new production 

technology in an Australian container terminal and finds that despite increased levels of employee 

skills and qualifications, newly created jobs were less rich with fewer responsibilities, less discretion, 

content, and scope. The way manufacturers will manage their workforce post I4.0 implementation 

is uncertain, but considering the discussion above, and placing the desire for improved operational 
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(and financial) performance against the fact of manufacturing skill shortages, I propose the following 

hypotheses: 

Hypothesis 4: Greater use of I4.0 manufacturing technology is associated with greater use of human 

resource practices for (a) operations workers (b) technical specialists and professional engineers. 

3.6.3: Involvement in Decision-making 

As discussed in chapter two, decentralisation is regarded as a key design principle of I4.0 (Hermann 

et al., 2016), and so a consequence of its implementation should be decentralised and contextual 

decision-making processes in digital manufacturing (Brettel et al., 2014; Hofmann & Rusch, 2017). 

Decentralisation will arise due to the need for speed and the constant availability of real-time 

information captured at various points in the value-chain and transmitted within cyber-physical 

systems (CPS) to allow workers make quick decisions for optimal efficiency (Stock & Seliger, 2016; 

Rossit et al., 2019). However, it is unclear the extent to which this weakening of traditional 

hierarchical decision-making applies to employee work practices. The subject of decentralisation in 

the I4.0 literature focuses overwhelmingly on production planning, scheduling schema, and decision 

support frameworks that can determine work pace, timing, and methods (e.g., Zhang et al., 2017; 

Lee et al., 2014; Schlick, 2012; Li et al., 2012). Waschull et al. (2020) argue the possibility that 

CPS-s will lead to a lessening of autonomy in medium and lower skilled jobs because these jobs 

often consist of simple and repetitive tasks but will encourage greater levels of autonomy in jobs 

with high complexity. This supports the view that I4.0 digital manufacturing - being a skill-biased 

technological change - may lead to the rise of polarised or, as aptly termed by Goos and Manning 

(2007), ‘lousy and lovely’ jobs where the job spectrum is polarised not only by the level of skills, 

but also by the level of autonomy or control (Frese & Zapf, 1994). Furthermore, even the level of 

autonomy in these ‘high complexity’ jobs may still be subject to the demands of the digital 

manufacturing network because the I4.0 workforce is envisaged to be a blend of human workers 

and intelligent systems that exercise their own agency (Pfeiffer, 2017b; Parker & Grote, 2020).  

Autonomy and control are characteristics of work design that are argued to help employees in the 

execution of their tasks and achievement of set objectives. Both terms are used interchangeably to 

refer to the influence employees have in deciding when, where, and how to do their jobs (Thompson 
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& Prottas, 2006). Nestled within the concept, however, are two similar, but distinct aspects. The 

‘how’ of job autonomy, which is the focus of this section, refers to the leeway employees have over 

general work choices like deciding the methods, pace, and timing of their work (Lopes et al., 2017). 

And the ‘when’ and ‘where’ of autonomy, described by Parker and Grote (2020) as “flexible working 

patterns” (p. 13) refer to practices like remote working and gig work.  

The ‘how’ of job autonomy – referred to as employee involvement in decision-making in the 

literature - is a central theme in many theoretical frameworks on work organisation including socio-

technical systems, action regulation theory, and job characteristics model theory (Wall et al., 2002; 

Frese & Zapf, 1994; Hackman & Oldham, 1976), and has been shown to affect behavioural, 

psychological, and physical outcomes like job performance, employee engagement, job satisfaction, 

organisational commitment, stress, depression, and physical health (Eatough & Spector, 2014; 

Gagné & Bhave, 2011; Scott-Ladd et al., 2006; Applebaum et al., 2013; Chung-Yan, 2010; Parker 

2003; Park & Searcy, 2012; Eatough et al., 2012). For example, Humphrey et al. (2007), presenting 

a meta-analysis of 259 articles, dissertations, and conference papers, showed the impact job 

autonomy (along with 13 other work characteristics) had on 19 work attitude, employee behaviour 

and well-being outcome variables. Autonomy (and its employee decision-making dimension) was 

positively related to goal completion, meaningfulness of work, and job, supervisor, and co-worker 

satisfaction. A more recent meta-analysis by Muecke and Iseke (2019) of 319 quantitative studies 

on 151,134 individuals, provides further evidence that job autonomy, by enhancing work motivation 

and reducing mental strain, improved job performance levels. Furthermore, the 2005 study by Liu 

et al. on 232 university employees showed job autonomy having a positive relationship with job 

satisfaction and a negative one with anxiety and frustration. This association between employees 

exercising higher levels of work discretion and being satisfied with their jobs was also demonstrated 

in Thompson and Prottas (2005). Therefore, based on the arguments above, the following 

hypotheses are proposed:  

Hypothesis 5i: Greater use of I4.0 manufacturing technology is associated with greater involvement 

in decision-making by (a) operations workers (b) technical specialists and professional engineers. 



 

62 

 

Hypothesis 5ii: Greater use of I4.0 manufacturing technology is associated with greater involvement 

in decision-making by employees. 

Hypothesis 6: Involvement in decision-making will have a positive relationship with (a) Job 

satisfaction, (b) Physical health, (c) Psychological health.  

Hypothesis 7: Involvement in decision-making mediates the relationship between the use of I4.0 

manufacturing technology and (a) Job satisfaction, (b) Physical health (c) Psychological health. 

 

3.6.4: Skill Utilisation 

The new digital manufacturing paradigm is expected to lead to increased requirements for technical 

and soft skills from employees so they can handle the complexity of the integrated I4.0 

manufacturing value-chain. These workers or operator(s) 4.0, as termed by Romero et al. (2017a, 

b), will work in a human-automation symbiotic work system, where tasks are allocated for execution 

between both parties and sometimes jointly executed. Such a scenario, therefore, could result in 

three outcomes. One, the substitution and degradation of workers’ skills, as automation assumes 

responsibility for routine and/or physically or cognitively challenging tasks; two, complementation, 

as automation is used to augment the human worker’s capabilities; and three, upskilling, as workers 

gain new technical and process competencies necessary for efficient operational effectiveness 

(Waldeck, 2007; Romero et al., 2016b; Pfeiffer, 2016; Parasuraman et al., 2000). For instance, the 

longitudinal case-study by Cimini et al. (2020) in a family-owned Italian manufacturing company 

revealed that the introduction of I4.0 technologies had a substitutionary effect on stressful, 

repetitive, and dangerous operator tasks. However, for tasks that were complex and critical and for 

which the probability of human error needed to be controlled, these same technologies played a 

supportive (complementary) role. 

The argument that I4.0 digital manufacturing has implications for if, when, and how employees can 

use their knowledge, skills, abilities, and talents in their jobs. The fraught relationship between the 

introduction of innovative technology and the use of human skills has been documented as far back 

as 1779 - 32 years before the Luddite uprising by skilled craftspeople in 19th century England - when 

300 knitting frames were smashed in the streets because of the perceived negative impacts on the 
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craft of weaving (Nuvolari, 2002). The opportunity for workers to have discretion in the use of their 

skills while performing tasks is recognised as an intrinsic job quality (Boxall & Purcell, 2016), and is 

a factor in predicting job satisfaction and other well-being outcomes like physical health (O’Brien, 

1982, 1983; Tian et al., 2016; Fujishiro & Heaney, 2017; Okay-Somerville & Scholarios, 2019). 

O’Brien (1983) defines skill utilisation as “the degree of match or congruence between an individual’s 

skills and the level of skill required by his or her job” (p. 462). The concept refers to employees 

being able to freely use and develop skills and abilities at work (Wu et al., 2015). It has connotations 

of employee choice (autonomy) and the opportunity to learn and enhance skillsets, both of which 

are important elements in the sociotechnical work systems and action regulation theory frameworks, 

as discussed in section 3.4 and 3.5 above. For example, Van Ruysseveldt et al. (2011) demonstrated 

that learning opportunities available to employees had a partially mediating effect on the negative 

relationship between job resources and emotional exhaustion, and Morrison et al. (2005) reported 

perceived skill utilisation as mediating the positive relationship between perceived job control and 

job satisfaction. Also, the diary study of 99 Belgian service workers by Van den Broeck at al. (2015) 

revealed that daily skill utilisation was positively associated with daily work engagement. While in a 

US study of 87,316 working adults, Fujishiro and Heaney (2017) show that employee skill use was 

linked to positive health outcomes. Their results revealed a negative association between skill 

utilisation and self-reported levels of hypertension and high cholesterol. What I4.0 will mean for 

employee skill utilisation is still undetermined, but scholars contend that the paradigm’s ‘intelligent’ 

cyber-physical production systems, rather than leading to an erosion of human abilities, should 

enhance workers’ skills and capabilities, and result in human work being more efficient because of 

the cognitive, sensorial, and physical assistance that will be available (Rauch et al., 2020; Nelles et 

al., 2016; Romero et al., 2016a). Therefore, the next set of hypotheses proposed are: 

Hypothesis 8: Greater use of I4.0 manufacturing technology is associated with greater levels of skill 

utilisation.  

Hypothesis 9: Skill utilisation will have a positive relationship with (a) Job satisfaction, (b) Physical 

health, (c) Psychological health.  



 

64 

 

Hypothesis 10: Skill utilisation mediates the relationship between the use of I4.0 manufacturing 

technology and (a) Job satisfaction, (b) Physical health (c) Psychological health. 

3.6.5: Work Intensity 

Work intensity represents the effort – psychological and physical – that workers expend in carrying 

out their jobs, and an increase in this effort is termed work intensification (Green et al., 2022). The 

process of work intensification refers to the situation in which employees perceive their workload 

has progressively grown heavier and the time assigned for completing it remains static or has 

lessened. It has connotations of not only working more, but also working faster. The concept is 

defined by Fein et al. (2017) as “how hard and fast an employee is working in any given period” 

(p.361). The features of intense work, as discussed in Kubicek et al. (2015), include a quicker work 

pace, the simultaneous execution of multiple work tasks, and the elimination, or at least, reduction 

of employee idle time. It has been suggested to be a common experience in modern work due to 

the increased pressure to meet or exceed work targets, deliver projects within tight timeframes, be 

seen as a go-getter or team player who is willing to take on new/extra tasks and be considered for 

expedited career progression (Rose, 2003; Kubicek & Korunka, 2017). Interestingly, greater levels 

of employee autonomy - in the form of individual job crafting and design, decision-making, and 

flexible work practices - have also been posited to lead to intensified work, although the effects are 

dependent on contextual factors like worker characteristics and the nature of the job (Kelliher & 

Anderson, 2010; Putnam et al., 2014; Bredehöft et al., 2015; Kubicek et al., 2017). Autonomy, 

then, in certain conditions, acts as a job resource and a demand, a pharmakos – both cure and 

poison - the dosage of which requires thoughtful calibration.   

It has also been argued that the use of information and communication technologies (ICT) through 

devices and wearables create situations of intense work because it blurs the boundaries of work and 

employees are expected to remain in a constant state of being ‘switched on’, able to work anywhere 

and at any time (Chesley, 2010; Mazmanian et al., 2013; Borle et al., 2020). In furtherance of this 

argument, the paper by Mauno et al. (2019) uses cross-sectional (n = 4,963) and longitudinal (n = 

2,055, 16 months) data in identifying ICT use as an antecedent of work intensity. Of relevance to 

the current study, however, is the following quote, “Moreover, in upcoming digitalisation and 

robotization the role of ICT will be even greater, probably causing more job stress for employees” 
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(Mauno et al., 2019, p.697). In addition, Korunka et al. (2015) have theorised that employees may 

face increasing job-related learning demands - and thus, intensified work - when technological 

innovation, like I4.0, is introduced within the workplace because these require “not only knowledge 

of technological devices and software programs that needs to be renewed at shorter time intervals 

but also knowledge of work practices, guidelines, and policies” (p. 787). The authors, in examining 

587 workers from the Austrian aged-care sector over a 15-month period, present results which 

reveal the positive relationship between greater levels of work intensity and emotional exhaustion, 

and the negative relationship work intensity has with job satisfaction. Other scholars confirm that 

work intensity is associated with work-life imbalance and higher levels of stress and fatigue (Macky 

& Boxall, 2008; Boxall & Macky, 2014), physical and emotional strain and exhaustion (Paškvan & 

Kubicek, 2017), reduced physical well-being (Michel, 2011), job-related insecurity (Pérez-Zapata et 

al., 2016), and a decline in employee safety performance (Bunner et al., 2018). And as noted earlier, 

it has been suggested that I4.0 could lead to increased work pressure. Thus, the next set of 

hypotheses proposed are: 

Hypothesis 11: Greater use of I4.0 manufacturing technology is associated with greater levels of 

work intensity.  

Hypothesis 12: Work intensity will have a negative relationship with (a) Job satisfaction, (b) Physical 

health, (c) Psychological health.  

Hypothesis 13: Work intensity mediates the relationship between the use of I4.0 manufacturing 

technology and (a) Job satisfaction, (b) Physical health (c) Psychological health. 

 

3.7: Conclusion 

In this chapter I have provided an examination and discussion of the relevant literature to help 

guide the research process through the postulation of 13 hypotheses, and so ensure the resultant 

data is categorised to convey meaning. My aim in the chapter was to situate the study by showing 

what has occurred in the history of work organisation in manufacturing industry, the current 

perspectives, the as-yet fully unperceived challenges of the future, and the shifting idea of work 

under advanced digitalised technologies. To this end, I showed how the principles of scientific 
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management, based on the time and motion studies of F.W. Taylor and Frank and Lilian Gilbreth, 

were implemented in industrial work to engineer out waste and achieve machine-like efficiency. 

These perspectives found greater fulfilment in the Ford Motor Company, where Fordism subjugated 

human workers to mechanised processes. Furthermore, a theoretical lens to aid the assessment of 

work as organised under the advanced manufacturing paradigm of I4.0 was introduced. I chart the 

birth and development of the sociotechnical systems framework from a Yorkshire coalmine to its 

divergent dispersion across several countries and regions and detail the theory’s characterisation of 

a good quality job. Thereafter, I discussed the German theory of action regulation, which postulates 

that complete and meaningful work actions are important to the cognitive and behavioural 

development of individual employees. Finally, the chapter closed by discussing key theoretical 

themes from the sociotechnical systems and action regulation theory frameworks and hypothesizing 

associations between them and the adoption of I4.0 advanced manufacturing technologies. I 

combined STS and ART in a framework to enable a more comprehensive assessment of work, both 

at individual and organisational levels, in I4.0 workplaces. Research question one is not driven by 

any hypothesis, but by quantitative enquiry. We know nothing about what is happening around 

manufacturing digitalisation in New Zealand, so there is no basis to predict what might be observed. 

Hypotheses 1 to 5i will enable the study to address the second research question of the skills 

framework and management approach taken by New Zealand manufacturers under I4.0. 

Hypotheses 5ii to 13 will, specifically, guide the study in understanding how the exposure to I4.0 

technologies affect the experience of work from the standpoint of employees, and so assist in 

answering the third research question. Data to tackle the fourth research question on how well work 

in I4.0 settings reflect sociotechnical systems and action regulation theories will supplied by all the 

postulations. The 13 hypotheses are restated below.  

H1: Greater use of I4.0 manufacturing technologies is associated with greater requirement of 

advanced technical skills. 

H2: Greater use of I4.0 manufacturing technologies is associated with greater skill shortages. 

H3: Greater use of I4.0 manufacturing technology is associated with increased training in 

manufacturing plants. 
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H4: Greater use of I4.0 manufacturing technology is associated with greater use of human resource 

practices for (a) operations workers (b) technical specialists and professional engineers. 

H5i: Greater use of I4.0 manufacturing technology is associated with greater involvement in 

decision-making by (a) operations workers (b) technical specialists and professional engineers. 

H5ii: Greater use of I4.0 manufacturing technology is associated with greater involvement in 

decision-making by employees. 

H6: Involvement in decision-making will have a positive relationship with (a) Job satisfaction, (b) 

Physical health, (c) Psychological health.  

H7: Involvement in decision-making mediates the relationship between the use of I4.0 

manufacturing technology and (a) Job satisfaction, (b) Physical health (c) Psychological health. 

H8: Greater use of I4.0 manufacturing technology is associated with greater levels of skill utilisation.  

H9: Skill utilisation will have a positive relationship with (a) Job satisfaction, (b) Physical health, (c) 

Psychological health.  

H10: Skill utilisation mediates the relationship between the use of I4.0 manufacturing technology 

and (a) Job satisfaction, (b) Physical health (c) Psychological health. 

H11: Greater use of I4.0 manufacturing technology is associated with greater levels of work 

intensity.  

H12: Work intensity will have a negative relationship with (a) Job satisfaction, (b) Physical health, 

(c) Psychological health.  

H13: Work intensity mediates the relationship between the use of I4.0 manufacturing technology 

and (a) Job satisfaction, (b) Physical health (c) Psychological health. 

A theoretical model of the parallel multiple mediation associations hypothesised in H5ii to H13 above 

is provided in figure 3.1 below. The use of I4.0 manufacturing technology is the independent 

variable, and it is hypothesised to have positive relationships with involvement in decision-making, 

job satisfaction, skill utilisation, physical health, work intensity, and psychological health. Also, it is 

hypothesised that involvement in decision-making, skill utilisation, and work intensity will act in 
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parallel to mediate the relationships between the use of I4.0 technology and job satisfaction, 

physical health, and psychological health, respectively.  

 

Figure 3.1: Conceptualised Parallel Multiple Mediator Models 

  

Work Intensity 
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Chapter 4: Research Design and Methods 

4.1: Introduction 

This chapter presents the discussion of and rationale for the philosophical perspective, design, 

strategy, data collection methods and analyses, and ethics’ stance that were adopted in the study. 

The aim is to provide an account of the decisions and steps taken in answering the study’s four 

research questions and show how these were appropriate measures for examining the subject of 

I4.0 and human working. The four research questions are: 

RQ1: To what extent are New Zealand manufacturers adopting Industry 4.0 technologies? 

RQ2: What skills framework and work organisation strategies in New Zealand manufacturing 

companies accompany a greater adoption of Industry 4.0? 

RQ3: How does greater exposure to Industry 4.0 technologies affect the experience of work 

by employees?  

RQ4: How well are the theories of sociotechnical systems and action regulation reflected in 

the organisation of work in Industry 4.0 manufacturing companies? 

4.2: My Research Journey 

 Research has been described as “an enquiry into the nature of, the reasons for, and the 

consequences of any particular set of circumstances …” (Kothari, 2017, p.9), and the management 

researcher who aims to examine interesting phenomena is enjoined to plan and conduct the study 

in a systematic, logical, structured but flexible approach (Bryman & Buchanan, 2018; Saunders et 

al., 2015). The element of adaptability could not be more pertinent to this research project. The 

study been through significant changes since it was conceived, with an almost 180-degree 

transformation in its methodology. The initial plan was to conduct qualitative comparative case 

studies in which immersive visits to a few manufacturing sites would yield rich and detailed data 

collected through semi-structured interviews, non-participant observation, and document analysis. 

To this end, I registered and attended several academic and practitioner conferences on 

manufacturing, industry association meetings, and regional seminars to contact representatives of 

manufacturing companies. Both my supervisors also used their extensive network connections to 
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get us organisational access. In October 2016, I started a casual employment contract with the 

innovative manufacturing and materials (IMM) and manufacturing and Design (MaD) programmes 

at the faculty of engineering in a bid to understand the manufacturing industry in NZ and become 

more visible to these companies. Unfortunately, all these efforts failed to yield concrete results. My 

research topic always elicited interest when meeting people in those settings and by April 2017, I 

had close to 47 contact details. Communication with these contacts was positive, till it came to 

agreeing on specific dates for initial site visits and subsequent visits for observation, and then there 

was silence. These were both local and international manufacturers in NZ, and often my supervisors 

and I attended the conferences and meetings together where we would seek introductions. There 

was no positive response. 

In December 2017, an academic from the University of the Basque Country was visiting my 

department at the university and my supervisor, Professor Peter Boxall, suggested to him that we 

work together to investigate I4.0 and work. This visiting academic had a doctoral student at 

Mondragon University and who was also studying I4.0 but from a solely engineering angle. I was 

invited to a late night (due to the time difference) Skype meeting on campus with the academic and 

his student, and the agreement was she would get us access to the advanced manufacturing 

companies in the Mondragon region, where she was already conducting her case studies. By March 

2018, she was able to get access – one company had agreed to have a researcher come in to study 

their system of work and requested a presentation of the proposal. I prepared and sent off the 

presentation. The response I got was that company culture in the Mondragon does not usually allow 

people inside the company to do fieldwork, but they could schedule my visit for late September or 

early October. That was the last communication I had with the doctoral student, there were no 

replies to my emails, I could not make travel plans, and so this initiative also collapsed. 

In September 2018, Peter initiated contact with some other of his connections in Europe who were 

interested in smart factories and workplace innovation. By a stroke of luck, these academics were 

currently conducting fieldwork in this area, and had started two four-year projects on I4.0. There 

was one in Belgium termed Paradigms4.0, and it was a collaborative study between TNO (the 

organisation for applied scientific research in the Netherlands), KU Leuven, and the Antwerp 

Management School. The other project was the H2020 Beyond4.0 project at the EU level. Professor 
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Steven Dhondt, who was the senior researcher on these projects, invited me to join them and work 

with four other doctoral students on the projects. This was very good news. I applied to and got 

admission to KU Leuven as a vising scholar and applied for a Schengen visa. Next, I booked flight 

tickets to and accommodation in Europe using my doctoral scholarship funds, a research grant from 

the faculty of Business at the university, and Peter’s university allocated research grants.  

At the same time and faced  with the lack of organisational access in NZ, my supervisors and I 

agreed to add a survey to my research design. Peter used his relationship with Competenz NZ (an 

industry training organisation with a strong interest in skill-building for I4.0) to negotiate access to 

their employer membership. We heard from Competenz that the Manufacturing Association of NZ 

was also planning to conduct an I4.0 survey. Peter knew executives from the association and got in 

contact with them. They were keen to collaborate with us and could offer access to their 

membership. So, working from relevant theory and in collaboration with industry, I developed 

hypotheses and created the survey instrument before leaving NZ. This survey became vital to the 

thesis for the employer data.   

By January 2019, I was moving between Belgium and the Netherlands attending meetings for these 

projects and getting an understanding of how and where my research fit in general framework. We 

had site visits to Picanol (maker advanced technology weaving equipment for industrial use), Atlas 

Copco (manufacturer of industrial tools and equipment), STAS (maker of trailers and moving floor 

trailers), CAF (manufacturer and supplier of trains), and proposed future visits to other 

manufacturing companies. I contributed to the 'the field service technician of the future' project for 

Atlas Copco Wilrijk (Belgium) on meaningful work and employee wellbeing. The hope was that doing 

this would encourage the company to grant research access, but the confirmation took a long period 

of time. In May 2019, I had to leave Europe because the Schengen visa was about to expire, fly 

back to NZ, apply for a Belgium visa, fly to Australia to interview at the Belgium embassy in 

Canberra, fly back to NZ, and then fly back to Brussels, all in the space of three weeks. 

I was back at KU Leuven as an international scholar and the responses to our requests for access 

from different organisations were bearing fruit. A handful of companies granted us access to their 

manufacturing facilities across Europe, the only caveat was us liaising with individual plant 
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management and trade unions to schedule two-week visits for fieldwork. At this time, my father 

suddenly passed away. I could not travel to be with my family because the dates for site visits had 

been fixed. One of Professor Dhondt’s students and I arranged to visit a manufacturing plant in 

northern Spain - neither of us spoke the Basque language but could communicate in some Spanish. 

It was quite difficult to secure accommodation in the town where the facility was situated, so we 

stayed in the next city and drove to the plant every day. We had a contact at the factory and spent 

the first day meeting the management and being shown around the complex, but we were not 

introduced to the workers on the shopfloor. The next day, we arrived at 8:30am but were not 

allowed in for an hour. We were then taken by our contact through security and to one of the plants 

and allowed to observe the operations of a team that was using a device to help them work with 

advanced technologies. This was apparently a new ‘Smart Factory’ project being trialled and the 

lead production engineer requested we did not engage verbally with the workers. I then proceeded 

to observe and note down their actions, communications and interaction within the team, the 

activities around the work area, and anyone who came around. We continued the observations for 

three days, taking about three hours each time and varied the sessions between mornings, late 

mornings, and after the general lunch break. However, I had noticed that our presence was not 

exactly welcome from the comments and body language of the workers and from the frequency at 

which their union representation came to the work area. When we arrived on the third day, one of 

the production engineers told us management feedback from the trial was not positive because the 

workers lagged behind the system-allocated time for task completion. By midmorning there were 

raised voices in the factory, a group of union representatives came to the work area, the team I 

was observing stopped work, as did other workers across the factory, and I realised we were in the 

middle of an industrial action. Our contact said the workers complained about us observing their 

actions and asked us to leave because we were useful scapegoats on whom the cause of unrest 

could be blamed, so we left the factory immediately. We tried getting information from the 

management about what was happening, but no one would talk to us. It was a confusing and 

unpleasant situation, especially with us not looking or sounding like anyone else in that region. Later 

that day, Professor Dhondt, who was in the Netherlands, sent an email asking us to stop all research 

activities and not to contact anyone at the company. Further emails informed us that access had 
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been withdrawn, so the fieldwork was terminated. We left the town in the early hours of the next 

day and made our way by coach and train back to Leuven. Our presence seemed a contentious 

issue and we were said to have a negative impact on the rollout of the new technology. The company 

asked us to submit all the notes we had made during the three days and requested that we so not 

use it in any research output. As a concession, it offered fieldwork access to its facilities in Wales, 

but only for two days and for 30 minutes each. The offer was readily accepted, and Professor Dhondt 

agreed to accompany us on this visit. The visit, however, never materialised because the company 

kept postponing the date from October/November to December and January. I headed back to New 

Zealand with some frustration, I had interesting data but could not use any of it and the deadline 

for my thesis submission was approaching.  

The protracted materialization of organizational access and the Covid-19 pandemic, however, meant 

that I had to adopt a plan B and change my research design from a qualitative comparative case 

studies to quantitative surveys. The first is the employer survey, as noted above. The second was 

the survey of manufacturing workers, and the initial focus was to get employees in the New Zealand 

manufacturing industry to participate. I had been communicating with the research lead at the 

Manufacturers’ Network of NZ to see if the companies that had participated in the employer survey 

would permit me to survey their workers. However, the response from the companies was 

lukewarm. I also contacted the Manufacturing and Construction Workers Union in New Zealand to 

see if they might be interested in collaborating on the research, but they declined. Because of these 

access problems and the arrival of Covid-19 in NZ,  I considered the use of a crowdsourcing platform 

to access NZ manufacturing employees as a viable option. However, the number of manufacturing 

workers in New Zealand on these platforms is low or non-existent. I checked Prolific’s database and 

there was no person based in NZ who was working in manufacturing. Therefore, to get a sufficient 

sample,  the employee survey had to be international.  

The entire structure of the study went through a swift pivot regarding its technical design and 

strategy - and though this required some resourcefulness - it was a knowledge-building experience. 
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4.3: Research Philosophy & Design 

4.3.1: Research Philosophy 

Business and management research can take several forms depending on the philosophical 

paradigm (ontology and epistemology), methodologies, techniques, and analysis processes that are 

chosen to help answer the research questions (Bell et al., 2018; Gorman & MacIntosh, 2014). 

Ontology is concerned with assumptions about the nature of being and reality. The main ontological 

question, as asserted by Ormston et al. (2014), is about “whether or not there is a social reality 

that exists independently of human conceptions and interpretations and, … whether there is a shared 

social reality or only multiple, context-specific ones” (p. 4). On the other hand, epistemology deals 

with the nature of knowledge, what can be regarded as “acceptable, valid, and legitimate 

knowledge, and how we can communicate [that] knowledge to others” (Saunders et al., 2015, p. 

127).  

The philosophical paradigm of this research is critical realism, which holds there is an independent 

reality that exists outside human knowledge, is not fully apprehensible, and attempts to discover it 

are likely to only reveal certain fractional aspects of its operations at any single point in time 

(Fleetwood, 2005; Zachariadis et al., 2013). Independent reality is regarded as the ‘intransitive 

domain’ where things exist in completeness, while the attempts to uncover its operations occur 

within the ‘transitive domain’ where researchers seek to understand, explain, and thereby create 

new or improve current knowledge. Thus, critical realism espouses a realist ontology and an 

interpretivist, fallible, and relativistic epistemology (Bhaskar, 2010; Williams & Karahanna, 2013). 

Reality is conceptualized to exist at three levels or spheres – the ‘real’, the ‘actual’, and the 

‘empirical’ – each nestled within the other. The first is the real, the all-encompassing sphere, and it 

“includes objects and structures with inherent causal powers and liabilities which result in 

mechanisms that may not be visible” (Zachariadis et al., 2013, p. 857). Its subset is the sphere of 

the actual where, at different times and at different levels, events produced by the action or inaction 

of these mechanisms occur, though not all events or occurrences are experienced. The empirical 

sphere is where observable events, from the actual sphere, can be directly or indirectly experienced, 

and is the region that provides material for scientific research (Mingers & Standing, 2017). This idea 

of a stratified ontology points to a reality, that while singular, is the product of the actions and 
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interactions of the mechanisms of multiple objects and structures, and so the aim of critical realist 

research is to uncover, understand, and explain these mechanisms and relationships (Vincent & 

O’Mahoney, 2018). Volkoff et al. (2007) emphasize that researchers should use “perceptions of 

empirical events to identify the mechanisms that give rise to those events” (p. 835). This quote 

highlights first, the epistemological relativism of critical realism that knowledge is socially 

constructed, and second, that the objective is to develop causal explanations that go beyond 

establishing a correlation between events to revealing the process and conditions under which such 

events may likely occur. 

To reiterate, this study is driven by the desire to examine the state of manufacturing digitalisation 

within New Zealand - and in a wider context - to explore the introduction of I4.0 technology in 

manufacturing and determine its effect(s) on how work is organised and experienced. In essence, 

the goal of this research is to identify and explain the nature and impact of the work that occurs 

under I4.0 conditions by uncovering and understanding the interplay of causal mechanisms. A 

causal or generative mechanism is anything that can produce an effect, whether physical, social, 

human, or conceptual (Mingers & Standing, 2017; Hu, 2018). For this study, these could include 

the knowledge, motivation, and abilities of management, the design of organisations, digital 

manufacturing technologies, theories of work organisation, perceptions and attitudes of employees, 

government agencies, the labour market, and industry associations. Critical realist research is 

governed by ontological concerns that address the nature and configuration of events by asking and 

attempting to answer questions of what a thing is, what caused it, and how it works (Vincent & 

O’Mahoney, 2018, p. 206). The four research questions of this study, as restated above, are framed 

with this perspective to enable the uncovering of the network of factors, processes, and contextual 

elements – all causal mechanisms - affecting work in I4.0 settings. Critical realism is suitable for 

studying complex social phenomena because it acknowledges the existence of entities (objects and 

structures) whose causal powers operate at different levels and points to enable, influence, or 

constrain events (Bygstad et al., 2016) and holds that knowledge is generated from the 

understanding developed by observing and explaining these causal mechanisms. Such research is 

action oriented because mechanisms and events that generate organisational and social problems 

are studied so that solutions can be recommended (Spencer et al., 2014). Furthermore, it has a 
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causal-explanatory methodological focus that tasks researchers with understanding the 

“mechanisms that not only produce these regularities [events] but also determine when they will 

occur and when they do not” (Edwards, 2005, p. 268). This view expressed by Edwards (2005) 

necessitates an exploration of what causality means in critical realism. 

4.3.1.1: Causality in Critical Realism 

The empirical sphere where the interactions of entities through their mechanisms result in events 

that are experienced and observed in the social world is seen as an open system. Within this system, 

certain patterns tend to occur with some regularity, these patterns are neither deterministic nor can 

their occurrence be precisely predicted. They are termed demi-regularities (demi-regs), and 

Fleetwood (2017) describes them as “whenever event x, then sometimes, but not always event y” 

(p. 47). In critical realism, the social world is a construct (of various ideas, meanings, 

interpretations, behaviours, and actions of humans) in which numerous contrasting, 

complementary, and overlapping incidents can effect change in any pattern and at any time and 

place (Mingers & Standing, 2017; Fletcher, 2017). Such unpredictability, therefore, means that 

causal laws, conceived in the form of universal event regularity or deterministic relations, are 

rejected in critical realist research (Miller & Tsang, 2011). Rather, as has been alluded to above, 

causality is the identification of patterns, trends, and tendencies (demi-regs) in the causal powers 

of mechanisms. Thus, causality is not a law but the potentiality inherent in mechanisms which can 

be exercised, activated, or constrained in a particular context by the action/inaction of other 

mechanisms. This is a mechanisms-based perspective to causality that requires the researcher to 

look past events or variables that correlate to the wider interactions of the mechanisms at play 

which cause these events and provide an explanation of the processes and conditions (McAvoy & 

Butler, 2018). Mingers and Standing (2017) opine that causation is ‘multiple and contingent’ and 

involves both the presence and absence of mechanisms. The authors state, “In explaining an event, 

we seek hypothetical mechanisms that might generate it, but we could also be looking for 

mechanisms the absence of which generates the event, or indeed both” (p. 180). 

The above does not imply that establishing an association between variables or the use of statistical 

analyses and modelling is opposed in critical realism. Correlation and regression analyses and other 

statistical tests are useful in exploratory research for revealing trends and patterns in data to identify 
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the interactions of underlying mechanisms, and hence are descriptive tools (Mingers, 2004; Naess, 

2004). Furthermore, Williams (2014), McAvoy and Butler (2018), and Downward et al. (2002) 

suggest that models have a useful role in critical realism as approximations or representations of 

the real sphere, and to guide empirical investigations and testing. Fleetwood (2017) highlights that 

creating such models, or indeed any research study, requires simplification where certain causal 

mechanisms, existing and operating in the social world, are excluded because they are believed to 

have little influence on the phenomenon. McAvoy and Butler (2018) argue that “theory can be used 

to create the empirical domain: this represents the researcher’s view of the reality they are 

investigating. By combining existing theories (the transitive domain), a theoretical model can be 

proposed describing the proposed mechanisms (p. 165). This means hypothesizing about the 

presence and interactions of causal mechanisms within a context. These interactions, once tested 

in a statistical model, will then be used to validate, or modify the initial theorised framework, with 

the researcher providing an explanation of the underlying causal and contextual factors (Williams, 

2014). This process of testing, validating/modifying, and explaining is termed retroduction, it is the 

mode of inference in critical realism, and thus, has an impact on research validity and quality. Sayer 

(1992) argues that inference in critical realism is through retroduction “in which events are 

explained by postulating (and identifying) mechanisms which are capable of producing them” (p. 

107). This indicates that postulating hypotheses and theoretical models do not run counter to a 

critical realist paradigm. Such statistical methods are useful for establishing characteristics and 

patterns and are not inferior to qualitative tools (Wynn & Williams, 2020). Zachariadis et al. (2013) 

adopted a critical realist perspective, and used econometric models, surveys, and statistical analysis 

in their study of the effects of the SWIFT system on the financial performance of 400 hundred banks 

in Europe. The authors contend that using these tools in a critical realist paradigm “can provide 

information about the relationships of events observed in the empirical domain” (p. 860). Other 

critical realist studies that have used quantitative analysis include Miller et al. (2011), Hastings 

(2021), Bramley et al. (2020), and Mukumbang (2021). Critical realist researchers use statistical 

results to uncover interactions between mechanisms to provide an explanation for the phenomenon 

under study, and not to make universalist predictions (Bygstad et al., 2016). Statistical processes 

involve chance and are probabilistic – not deterministic – and critical realism studies can use 
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hypothesis testing because “social processes have an apparently ‘statistical’ character compared 

with the more determinist processes to which natural (closed systems) sciences have access” 

(Sayer, 1992, p. 191). This author refers to statistical as involving chance, probability, or random 

factors. Thus, the conceptual framework for this study was developed using key theoretical themes 

from the work organisation theories of sociotechnical systems and action regulation to postulate a 

reality of work where I4.0 technologies have been introduced. It was presented in the preceding 

chapter and consists of the mechanisms of I4.0 manufacturing technology use, involvement in 

decision making, the use of skills, work intensity, health, and job satisfaction.  

 

4.3.1.2:  The Use of Retroduction in Critical Realism 

Retroduction is the way in which knowledge is created in critical realism. It is a creative and iterative 

thought operation that allows the theorising of which causal mechanisms interacted in context to 

generate events in the empirical realm and why (Zachariadis et al., 2013; Bygstad et al., 2016). 

The process occurs before, during, and after data gathering and analysis. It entails the researcher 

studying some new or unexpected event, checking against pre-existing theory, collecting, and 

testing relevant data, and developing a plausible explanation for the observed occurrence (Mingers 

& Standing, 2017). This explanation is a theory that “reconstructs the conditions for the occurrence 

of an empirical phenomenon” (Miller & Tsang, 2010, p. 146) and identifies causal mechanisms with 

the objective of generalising beyond the initial event. Such theoretical generalisations provide 

knowledge that is more complete, enduring, and widely applicable because it communicates the 

actors and conditions that cause an event (Vincent & O’Mahoney, 2018). This idea has been 

expressed by Pawson and Tilley (1997) in their Context, Mechanism, and Output framework 

(C+M=O).  

The critical role of context in developing a comprehensive understanding of the causal powers at 

play in the open systems of the social world means that identifying mechanisms (that are often not 

observable) with any exactness can be a protracted and arduous exercise (Bygstad et al., 2016). 

For a critical realist study that is time-bound and conducted by fledgling researchers, McAvoy and 

Butler (2018) suggest using a-priori theory to select possible mechanisms for empirical observation 
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and testing, and so put such theory ‘on trial’. This supports the argument of McGhee and Grant 

(2017) that validity in critical realism is “seldom established once and for all” (p. 859). It is a 

continuous process in which theories – which are fallible and works-in-progress – are tested to move 

knowledge to a more correct approximation of reality (Mingers & Standing, 2017; Vega & Chiasson, 

2019). According to Zachariadis et al. (2013), the output of critical realist research is “valid when 

we are confident that similar or other events that arise (or may arise) in other contexts are caused 

by the same generative mechanisms that led to the actual event in our research domain” (p. 861). 

Critical realism, because it prioritises ontology over epistemology, has a different view of research 

validity, reliability, and quality. Frederiksen and Kringelum (2021) assert that conventional ways of 

ascertaining if critical realist research is valid, consistent, and replicable are redundant. Instead, the 

authors suggest such studies be assessed by the transparency, consistency, and judgement shown 

in the research process. Critical realist researchers are enjoined to be reflexive, mindful of context, 

trustworthy, and adopt a ‘normative stance on the subject of study’ (Leca & Naccache, 2006); to 

address perceived knowledge gaps and consider the breadth of possible factors (technological, 

social, organisational, and environmental) in operation (Wynn & Williams, 2012). The advice from 

Edgley et al. (2016) is for critical realists to be open, collaborative, and think laterally, “pulling 

together evidence and debate on relevant issues, concepts, and policy contexts” (p. 324).  

 

4.3.2: Research Design 

One of the key strengths of critical realism is that it has an all-embracing non-prescriptive 

methodology. Because of its ontological stance, it holds a ‘holistic and systemic worldview’ that is 

accepting of an eclectic mix of empiricist and interpretive methods (Mingers, 2015). Vincent and 

O’Mahoney (2018) opine that being open to a wide range of methodological perspectives is 

necessary if research efforts are to yield meaningful explanations and reliable knowledge. This 

suggests that the critical realist researcher should be flexible in using a mix of research approaches 

to assess the mechanisms that operate in context to cause a phenomenon in the empirical sphere. 

Nevertheless, Ackroyd and Karlsson (2014), while acknowledging this methodological pluralism, 

contend that while almost any research method may be useful in achieving the research objective, 

there are eight commonly used research designs that are logically consistent with critical realist 
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philosophy. One of these is the survey design, and the authors classify it as being an extensive 

study “in which mechanism and context do interact, and the context decisively shapes the outcome 

of the mechanism” (p. 22). As has been highlighted earlier, the context of the current study is the 

manufacturing industry where I4.0 technology has been introduced and the type of work system in 

use represents a mechanism. Thus, as Sayer (2000) corroborates, the choice of research techniques 

or methods depends on the purpose of the study and what the researcher wants to learn from it. 

This view of the methodological flexibility of critical realism is quite like pragmatism, which is not 

unexpected given the fact, as argued by Mingers and Standing (2017), that critical realism 

incorporates elements of American pragmatist traditions. Interestingly, Heeks et al. (2019) propose 

a pragmatist-critical realism template for use in ‘researching information and communications 

technologies to development’. Scholars in human resource management (HRM) and development 

(HRD) (e.g., Boxall et al., 2011; Hamlin, 2013) have also used a variety of research techniques. 

Based on the four research questions, this study adopted a survey research design that is 

exploratory, descriptive, and theoretically explanatory in nature. It is exploratory because its focus 

– the interaction between I4.0 and work organisation – is a subject on which not much knowledge 

is available. And descriptive because it attempts to understand and so uncover the changes 

occurring in work from the introduction of the advanced technologies of I4.0 to the manufacturing 

workplace. It is also theoretically explanatory as it will produce explanations about the 

characteristics, manifestations, and operations of social mechanisms interacting in context to create 

an outcome (Vincent & O’Mahoney, 2018). As argued by Babbie (2015), exploratory and descriptive 

survey research is appropriate for studying new phenomena as it helps to answer questions of what, 

where, when, and how, and explanatory designs are useful for understanding causal relationships. 

Survey research strategies, according to De Villiers (2012), lie at the midpoint of the positivist and 

interpretivist epistemologies spectrum, and thus, straddle quantitative and qualitative research 

methodologies (p. 225). Also, Bryman (1988) argues that survey methods can be used to obtain 

respondents’ perceptions and interpretations of how they view the world, as neither traditions – 

qualitative nor quantitative – have exclusive claims to seeking to uncover meaning and perspectives. 

The author opines that the practice of linking research methods to set epistemologies is a convention 
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that originated in the 1960’s and is not a true description of the research process nor should it be 

used to prescribe the conduct of research projects (p. 124). 

Indeed, both approaches are used in varying degrees in this study project, though with more of a 

quantitative leaning. The study has relied on the opinions and considered knowledge of experts to 

design and finetune the data capture instruments and has requested respondents to share their 

personal experiences of planning, implementing, and working with I4.0 technologies. Furthermore, 

several hypotheses were proposed to test relationships in the study and the collected data was 

subjected to various quantitative deductive analyses to help identify the patterns of association 

between the study’s variables. These results were then interpreted and explained through the filter 

of the researcher’s understanding and knowledge base. This is in line with Mingers and Standing 

(2017) who, discussing the role of the critical realist researcher, state that “observations are always 

mediated, relative to historical, cultural and ultimately individual circumstances, and never pure 

reflection of reality” (p. 174). 

 

4.4: Data Collection Procedures 

4.4.1: Survey I: New Zealand Manufacturing Employers 

This survey was driven by the need to study the operation of I4.0 technologies within the New 

Zealand context. It was devised to help answer research questions one, two, and four. The initial 

idea was to conduct in-depth case studies of I4.0 manufacturers but based on feedback from local 

manufacturing conferences, I realised assuming New Zealand manufacturers were already 

embracing I4.0 was a false premise. Thus, the decision was made to use a survey and find out 

which innovative manufacturing technologies New Zealand manufacturers had adopted or were 

adopting, the reasons for their choice and their experience with implementation of the technologies 

as of 2019.  Administering the questionnaire was a straightforward process with a serendipitous 

beginning. The initial idea was to partner with Competenz, which is the largest industrial training 

organisation in New Zealand, and gain access to their database with the promise to share survey 

data. However, an executive from MAN reached out with a proposal to partner on the study. The 

association was working for the national government on the ‘Future of Work’ commission on 
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manufacturing and skills and was interested in using the questionnaire that had been created for its 

own project. This was good news and the offer to partner was accepted as it meant access to an 

even larger contact database.  

The questionnaire was refined and then uploaded on Qualtrics. To determine if the instrument would 

be clearly understood, a temporary preview link to the online survey on Qualtrics was sent to five 

industry contacts of the Manufacturers’ Network of New Zealand and Competenz NZ by the 

organisations. The five individuals were asked to take the survey and communicate if and what 

issues they faced. The feedback I received from the two organisations was to change the definition 

of digitalisation that was included on the survey to something more conventional. I revised the 

definition as requested and updated the survey on Qualtrics. The survey was administered from 

March to August 2019 to manufacturing companies in the country via the databases of the 

Manufacturers’ Network of New Zealand, the Employers and Manufacturers’ Association (EMA) of 

New Zealand, and Competenz, an ITO (Industrial Training Organisation), all three bodies being 

partners on the project. This was the full extent of the relationship; I had no access to their 

databases or to any of their systems. Email invites (from a template I created) were sent to company 

CEOs and general managers responsible for the operations of manufacturing plants – with the caveat 

that they could forward the email to someone else in their businesses they thought better suited to 

complete the survey. These two roles were chosen as they were the people most likely to possess 

information the survey sought – high-level knowledge of the technologies in use and levels of 

digitisation. The emails introduced the project and associated researchers, provided a downloadable 

copy of the participant information sheet, and contained a link to the 30-minute survey on Qualtrics. 

Also, I selected the plant as the unit of analysis because plants within an organisation can vary in 

their adoption of technology. Once the survey period ended, the dataset of responses was 

downloaded in both numerical and text formats, cleaned to ensure it was consistent, usable, and of 

good quality (Hair et al., 2019), and then uploaded into the Statistical Package for Social Science 

(SPSS) version 25.  

156 New Zealand manufacturing companies sent in their responses, and after excluding those who 

declined giving their consent to use of their data and those who provided insufficient data for 

analysis with 10 or more empty data cells in their responses (Terziovski, 2009), there remained 79 
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usable responses. This figure compares favourably with current and prior survey research conducted 

in NZ manufacturing. For instance, the I4.0 maturity survey conducted in November 2020 as part 

of the I4.0 demonstration network programme by Callaghan Innovation – which is a government 

agency tasked with promoting innovation in NZ businesses – had 71 respondents (Industry survey 

insights, 2020). Other examples include Hamzeh et al. (2018), who assessed the potential of I4.0 

use, were able to get 43 responses; Kennedy and Hyland (2003) had 87 Australasian firms 

participate in a study comparing manufacturing technology adoption patterns; Schroder and Sohal 

(1999) received 57 responses from NZ manufacturers for their research on the implementation and 

investment patterns in manufacturing technology across Australasia; also, Sohal et al. (1996), in 

their study on investment in manufacturing technology, had data from 57 firms.. 

 

4.4.2: Survey II: International Survey of Manufacturing Workers 

This survey was conceived and conducted solely for the PhD, with no input from the partners 

mentioned above. The aim of the study was to examine the experience manufacturing workers were 

having with the introduction of I4.0 digital manufacturing technologies to their workplaces, and so 

address research questions three and four. The hypothesized relationships (hypotheses 5ii to 13) 

were developed in the preceding chapter. The survey was, like the first one, hosted on the Qualtrics 

website, but possible participants were sought via the medium of crowdsourcing. The decision to 

take this route in recruiting members to join the study was based on certain key points. As 

mentioned earlier in the introduction, it was looking increasingly likely that getting organisational 

access for case studies would not be possible, or at least, not possible within the timeframe dictated 

by the PhD. There was less than a year of available funding left, and national lockdowns and 

movement restrictions were being implemented by governments across the globe. These salient 

factors meant I needed a recruitment tool that could deliver on speed and offer a deep pool of 

willing participants who had been vetted, but which would not be exorbitantly expensive. 

Crowdsourcing met these criteria, and it is an increasingly popular means of obtaining good quality 

respondent data for research purposes (Cheung et al., 2017). Crowdsourcing platforms like 

Amazon’s Mechanical Turk (MTurk), Prolific, ClickWorker, and CrowdFlower have been used by 

academic researchers in many disciplines to source participants, at a fee, for their studies. For 
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example, Miller et al. (2017) collected behavioural trait data on personality disorders from members 

on MTurk, Gerkin et al. (2020) used an online crowdsourced sample of 15,747 participants to 

identify recent loss of smell as the best predictor of Covid-19 infection, a study on organisational 

communication and individual behaviour in supply-chain risk management by DuHadway et al. 

(2018) recruited members from Prolific, and lastly, the comparative research by Cater et al. (2019) 

on the effectiveness of human resources practices between US Hispanic and non-Hispanic family 

firms had respondents drawn from MTurk. Another option was to engage the services of Qualtrics 

in recruiting participants. Qualtrics is accessible and provides various services for a fee – creating 

surveys, hosting, and distributing them to participants, and even preliminary analysis. However, I 

chose not to use Qualtrics due to the lack of visibility in how it recruited respondents, its vetting 

process, and the very high cost quoted for its service charge and securing participants. Qualtrics is 

an online sample aggregator that uses third-party providers to recruit into market research panels, 

and it is the responsibility of these providers to monitor and conduct quality control of participants 

and to collect data – while Qualtrics oversees the process. There is no direct contact between the 

researcher and third-party sample providers, but there is a project manager to support the study. 

The addition of extra persons on the project increases the cost, which at the outset, can be unclear. 

Only after the project parameters are set does the researcher get a personalised quote of the final 

pricing. These were the factors that made me decide not to use Qualtrics’ online sample service. 

Following the recommendation by Smith et al. (2016) for researchers to vet their online sample 

vendors for integrity, quality, and reliability, the Prolific platform was chosen for this study. Prolific, 

being specifically designed at Oxford university for academic research, has controls in place to verify 

participants, ensure reliable demographic information, and prevent fraudulent activity (Palan & 

Schitter, 2018). The Prolific platform allows researchers to set parameters for the desired participant 

profile, which for this study, was a non-management manufacturing worker who was between the 

ages of 18 – 65 years and currently working within any of the 18 manufacturing sub-sectors. I 

decided to choose all 18 sub-sectors because the study is exploratory in nature, and I did not want 

to make any prior assumptions about the existence and use of I4.0 digital technologies in any sub-

sector (or size of company, or occupation, or skillset) as the new paradigm is flexible and its 

“technologies are used selectively and incrementally” in various contexts (Butollo et al., 2019, p. 
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65).  I had no logical criterion for limiting selection in this factfinding project. Prolific’s AI support 

informed me that there were 183 possible participants who matched the criteria selected and had 

been active online in the preceding 90 days. This number meant that, to obtain a sufficient sample 

size of respondents, the survey had to be open to all potential participants and not restricted by 

country or national parameters. The choice to follow such an open strategy could be regarded as a 

drawback, however, faced with the likelihood of a small sample size - and attendant issues of low 

power and greater margin of error - it was a step I had to take.  I enabled the adaptability function 

on the survey webpage in Qualtrics so participants could take the survey using mobile, tablet or 

desktop devices to ensure the questionnaire had optimal presentation. Five screening questions 

were added to the questionnaire to weed out those who did not meet the set criteria and each 

question had to be answered before participants could move on to the next. I also included, as 

advised by Peer et al. (2017), attention checks to test if participants were concentrating and 

attentive to instructions. Most of the members on the Prolific platform are fluent in English (Prolific, 

2022), so rather than translating and presenting a mix of surveys in different languages, I offered 

the survey only in English. 

Prior to a study project going live, Prolific requires the researcher to fund their account. I used the 

online calculator to get a quote of the gross study cost (participant payments, a 33% service fee, 

and sales tax) and the university department paid the amount into my Researcher Account using a 

debit/credit card. Prolific then deducted the platform service charge and the balance, the net study 

cost, was used to reward participants. The researcher is not permitted to withdraw from the balance 

while the study is ongoing. Once participants complete the questionnaire and submit, the researcher 

reviews and approves (or rejects, if returned blank) each submission. Prolific then automatically 

pays the reward in a transfer from the researcher account to the participant’s nominated account 

(usually PayPal). I offered respondents, who successfully submitted the survey, a payment rate of 

£10.00 an hour. It was timed to be completed in 12 minutes and each participant was timed as they 

went through the questionnaire. Prolific also sets a maximum time allowed for the survey 

completion. This maximum completion time is based on the researcher’s estimated time and is to 

allow respondents complete the survey successfully. For the 12-minute survey, Prolific set the 

maximum completion time at 49 minutes. This default time is set to account for participants who 
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may take longer than the average person to complete the survey, it was not for the purposes of 

determining payment. Pilot-testing for this instrument was two-fold. I sent the preview link of the 

survey hosted by Qualtrics to practitioner colleagues in Canada, the UK, and NZ, who I knew had 

worked and were working in manufacturing and I also used the services of four members of Prolific.  

These individuals reported that they could access the survey on different devices (laptop, desktop, 

mobile), found the questions to be easy to understand, and encountered no issues in completing 

the survey. 

Once the survey was closed in July 2020, I downloaded the responses from Qualtrics in numerical 

and text formats in Excel and performed data cleaning. The response of each participant from Prolific 

was checked for completeness to ensure respondents used the identifier code unique to the study 

as assigned by their platform. Also, to weed out those who engaged in satisficing (i.e., the random 

selection of answers with little or no thought and so complete the survey in the least time possible), 

a minimum completion time was chosen. Submissions sent in that were completed in less than a 

third of the allocated time (i.e., four minutes) would not be included in the final sample as the time 

was judged inadequate for a full consideration of the cover information sheet and questions. I 

removed responses to the screening and attention check questions and response and Prolific ID, 

adjusted the duration of each survey from seconds to minutes and seconds, set aside those that 

failed the attention checks and those who had taken less than four minutes in completing the survey 

– this is a tactic used by DuHadway et al. (2018) to guard against satisficing. The cleansed dataset 

was then uploaded in SPSS. 158 manufacturing workers on the Prolific platform completed and 

submitted responses to the survey, 11 of these were excluded because the completion time was 

less than four minutes. This left the study with 147 respondents, and my supervisors and I 

independently classified them into two categories of operations workers and technical specialists. 

The classification was done based on the job titles of the respondents and the grouped lists were 

thereafter compared. Job titles that proved difficult were checked against the European Skills, 

Competencies, Qualifications, and Occupations (ESCO framework). There were 70 operations 

workers and 77 technical specialists and professional engineers in the final grouping. 
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4.5: Data Collection Instruments 

The instruments (in appendices) used for data collection in the study were partly patterned on the 

self-report questionnaire created by Statistics Canada for its survey on the use of advanced 

technologies in Canadian enterprises. The survey was employed between 1987 and 2015 to 

determine the extent to which innovative technologies and practices had been introduced to the 

Canadian manufacturing industry, and results of the cross-sectional survey have been published 

(see: Baldwin & Sabourin, 1995, 2000; Broth et al., 2010; Baldwin & Yan, 2015). This foundation 

was then updated, from reviewing relevant I4.0 literature, to reflect the current realities of digital 

manufacturing technologies and factory digitalisation (e.g., the associated technologies and 

digitalisation). The objective was to collect data on which I4.0 advanced manufacturing technologies 

New Zealand businesses adopt, the relevance of these I4.0 technologies for their operations, and 

the level of digitalisation within their operations.  

Common method variance and single-rater bias were mitigated in several ways. Each question in 

the survey instrument was followed by varying categories of Likert scales, a technique 

recommended by Podsakoff et al. (2003) to negate the likelihood of common method variance. 

Other tactics included pilot testing of the questionnaire, assuring respondents of complete 

anonymity and confidentiality, asking them to consult other staff if they lacked accurate answers, 

presenting a clear explanation of the purpose of the study, and providing unambiguous definitions 

of technology (Chang et al., 2010; Murray et al., 2005). 

 

4.5.1: Instrument I 

This instrument, used to survey New Zealand manufacturing employers and termed ‘instrument I’, 

contained measures to assess the objectives and challenges of I4.0 adoption and actions taken to 

address them, and thus answer research question one. The measurement scales used included 3, 

5, 6, 7, and 10-point Likert scales. Respondents were asked to rate their use of 15 advanced 

manufacturing technologies in the period from 2016 to 2018 across a 5-point scale from “1. We did 

not use and have no plan to use 2. We began to implement 3. We substantially implemented 4. We 

fully implemented 5. We plan to implement between now and 2025”. In addition, as digital 
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transformation is the foundation of I4.0 (Frank et al, 2019; Bonnard et al, 2019; Ghobakhloo, 2018), 

I measured levels of factory digitalisation by presenting a series of statements to which the 

respondent could pick only one and explained digitalisation as “the use of information technology 

to integrate all processes, people, information and functions within the manufacturing value-chain, 

to improve efficiency and decision-making.” Objectives of technology adoption were tested on a 1-

5 scale of “Not at all important” to “Extremely Important”, while challenges to adoption and 

mitigating actions were on a 1-3 scale from “Not a challenge/an Action” to “Minor challenge/Action” 

to “Major challenge/Action”. The answer options for the previous three measures were based on the 

Survey of Advanced Technologies (Statistics Canada, 2015) and literature on I4.0 digital 

manufacturing (e.g., Kagermann et al, 2013; Kagermann, 2015; Zhou et al., 2015; Erol et al., 

2016; Muller et al., 2018a). Also included were questions to help classify respondent companies 

along the lines of age of plant, industry sub-sector, and percentage of New Zealand shareholding to 

create a participant profile.  

To answer research questions two and four and address hypotheses 1 to 5i, instrument I also 

included measures on skill use, importance, and shortages, workforce management strategies, HR 

practices, and involvement in decision-making processes. Respondents were presented with a list 

of 29 technical and non-technical skills. This list was adapted from the McKinsey Global Institute 

report on skills and the adoption of automation (Bughin et al., 2018), and contains five categories 

of skills: physical and manual, basic cognitive, higher cognitive, social, and emotional, and 

technological skills. The list was specifically chosen because it contains both basic capabilities and 

acquired competencies, and it can be collapsed into the five categories to ease analysis. The survey 

asked participants to rate the current and future (in 2025) importance of these 29 skills to their 

manufacturing plant using a 10-point Likert scale from “0. Not relevant to my plant, 1. Very low 

importance, 2. Low importance, 3. Slightly low importance, 4. Moderately low importance, 5. 

Important, 6. Moderately high importance, 7. Slightly high importance, 8. High importance, and 9. 

Very high importance”. Also, the survey asked respondents the extent to which they were 

experiencing shortages across the 29 skills and provided a 10-point scale of “0. Not relevant to my 

plant, 1. Never, 2. Very rarely, 3. Rarely, 4. Sometimes, 5. Occasionally, 6. Frequently, 7. Very 

frequently, 8. Almost always, and 9. Always”.  
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The next set of questions focused on organisational practices – and as it has been recognised that 

companies often apply different human resource (HR) management strategies to different 

occupation groups within their organisations (e.g., Huselid et al., 2005) – participants were required 

to provide answers for two categories of manufacturing employees: operations workers and 

technical specialists and professional engineers. Variation in HR practices and investments arises 

because of a cost-benefit rationale of human capital in which various employee groups are managed 

based on how important they are to the company’s pursuit of its strategic goals, and the quality of 

their skills (Lepak & Snell, 1999; Ulrich & Brockbank, 2005, Huselid & Becker, 2011, Marescaux et 

al., 2013, Schmidt et al., 2017). It is interesting to find out if manufacturing companies use different 

talent management systems for these two employee groups. Therefore, participants were given a 

list of tactics and asked to indicate – across a 5-point Likert scale from “1.Very unlikely, 2. Unlikely, 

3. Undecided, 4. Likely, to 5. Very likely” – how they plan to manage their workforce because of 

I4.0. Respondents were also required to reveal the actions taken to deal with skill shortages 

measured on a 1-3 scale (“Not an action, minor action, and major action”). In addition, the survey 

asked if any new or special training specific to I4.0 digital manufacturing had been provided, the 

hours of training offered per year per employee, and the extent of literacy, numeracy, digital 

technology, quality assurance and safety training.  

Lastly, respondents were provided a list of 14 HR practices and 5 decision-making processes and 

asked to signify the extent of usage across a 7-point scale from “0. Never, 1. Very rarely, 2. Rarely, 

3. Occasionally, 4. Frequently, 5. Very frequently, and 6. Always”. The lists of organisational 

practices and processes used in the questions described above were adapted from the works of 

Bayo-Moriones et al. (2017), Michie and Sheehan (2005), and Ichniowski et al. (1997), with input 

from my supervisors (please see the appendices for the questionnaire). The bundle of 14 HR 

practices were used to create an index of HR practices. Extant research (e. g., Trevor & Nyberg, 

2008) used the same approach in which greater scores on the index indicated higher human capital 

investment by the organisation. Shaw et al. (2005) opine that an index is a suitable method for 

combining multiple primary elements into a single construct.  

The control variables include age (the number of years since the plant was established), size 

(number of full-time employees and revenue figures), ownership structure (majority foreign or 
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majority New Zealand shareholders), and industry sub-sector (food and beverage, wood & paper, 

chemical & refining, plastics & rubber, metals & metal products, machinery & equipment, 

electronics, and other manufacturing). Existing research shows these contextual factors play 

influential roles in the adoption of innovation practices and technology. For example, Oliveira et al. 

(2014) found a robust positive association between organisational size (by number of employees 

and annual turnover) and the tendency to adopt cloud computing technology. Hsu et al. (2014), on 

the other hand, found that firm size, by employee numbers, had an indirect effect on the intention 

to implement cloud technology. Also, Chen and Tan (2013) proved the positive relationship between 

company ownership structure and implementation of JIT production systems.  

As stated earlier, all questions covered the period 2016 – 2018, and the survey was timed to be 

completed in 30 minutes. The questionnaire was developed and reviewed in close consultation with 

my supervisors and experts from the Manufacturers’ Network of New Zealand (Dieter Adam and 

Kieran Ormandy) and from Competenz NZ to refine the tool, it was then pilot-tested and 

adjustments for clarity were made.  

 

4.5.2: Instrument II 

For instrument II, used in the international survey of manufacturing workers, measures examining 

employee job satisfaction, skill use, involvement in decision-making, and work intensity were added 

to the base questions of I4.0 usage and digitalisation levels at work. These measures on work 

characteristics were chosen specifically to provide information on how employees’ work has been 

affected due to the adoption of I4.0 digital manufacturing technologies, and so help in answering 

research questions three and four. Both instruments I and II contained questions on human 

resources practices and the extent of preparatory training provided prior to the implementation of 

the new technologies. The measures in instrument II were selected to obtain insight, from the 

employee perspective, of the systems of work in operation. Instrument II was developed with input 

from both supervisors and advice from other academic scholars in the faculties of business and 

economics and engineering. 
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The measure relating to the individual I4.0 sub-technologies was whittled down from 15 to 12 based 

on responses to the employer survey and suggestions from I4.0 experts from the faculty of 

engineering. Thus, 3D printing/additive manufacturing, virtual and augmented reality, and 

integrated planning were removed because they were regarded as the least unique technologies to 

the I4.0 paradigm. The answer choice was changed to a no/yes scale to create an index since the 

focus of the study was not on the extent of use but on if the technology was in use. Similarly, the 

question on the degree of digitalisation had its answer options adjusted from six to five – “1. Not 

digitalised, 2. Very little digitalisation, 3. Some digitalisation for stand-alone processes, 4. A lot of 

digitalisation, and 5. Completely digitalised”. The answer option of introducing digitalisation between 

now and 2025 was removed because employees would likely not possess such strategic information. 

Other measures that were retained included new or special training on the adoption of I4.0 (5-point 

response scale: none, very little, some, quite a bit, and a great deal), experience of 13 human 

resources practices (2-point response scale: no, yes), and participation in five decision-making 

processes (7-point response scale: never, very rarely, rarely, occasionally, frequently, very 

frequently, and always). As mentioned above, these lists of practices and processes were taken 

from studies conducted by Bayo-Moriones et al. (2017), Michie and Sheehan (2005), and Ichniowski 

et al. (1997).  

Specific to the instrument II were measures to test job satisfaction, physical and psychological 

health, skill utilisation, and work intensity (hypotheses 5ii to 13). Job satisfaction was assessed 

using the Michigan Organizational Assessment Questionnaire Job Satisfaction Subscale (MOAQ-JSS) 

as analysed by Bowling and Hammond (2008). The subscale, with an internal reliability of 0.84, has 

three components – ‘All in all, I am satisfied with my job’, ‘In general, I do not like my job’, ‘In 

general, I like working here’ – with the average score taken as a measure of overall job satisfaction. 

The survey presented these three components with a 7-point Likert scale from “1. Strongly disagree, 

2. Disagree, 3. Somewhat disagree, 4. Neither agree nor disagree, 5. Somewhat agree, 6. Agree, 

and 7. Strongly agree”. Physical health was measured using a single item as advised by Guest 

(2017). The question, adopted from Ware and Sherbourne (1992), asked respondents to rate their 

health on a 7-point scale from “1. Very poor, 2. Poor, 3. Somewhat poor, 4. Neither poor nor good, 

5. Somewhat good, 6. Good, and 7. Very good”. For psychological health, the measure from Woods 
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at el. (2012) – which in turn was adapted from Warr (1990)’s anxiety-comfort scale – was used, 

with respondents asked to think how often their jobs have made them feel three positive (relaxed, 

calm, contented) affective states, and three negative ones (tense, worried, uneasy) over the last 

few weeks. The measure has an internal consistency of 0.85 and is computed as the mean scores 

of the six emotional states. A 5-point response scale from “1. All the time, 2. Most of the time, 3. 

Some of the time, 4. Occasionally, and 5. Never” was provided. Skill utilisation was assessed using 

the six-item measure from Morrison et al. (2005). For example, participants were asked the extent 

to which their jobs provide the opportunity to “a. Use all of the skills, talents and abilities you 

possess on a regular basis” and “b. Develop new knowledge and learn new skills”. Responses could 

be indicated on a 5-point scale from “1. Not at all, 2. Just a little, 3. A moderate amount, 4. Quite 

a bit, and 5. A great deal”. Lastly, work intensity was measured by using Mullarkey et al. (1995)’s 

three-item statement which, for example, includes “I am under constant pressure at work” and “I 

find myself working faster than I would like in order to complete my work”. The measure has an 

internal reliability of 0.84, and respondents were asked to indicate their extent of agreement over 

a 7-point scale from “1. Strongly disagree, 2. Disagree, 3. Somewhat disagree, 4. Neither agree nor 

disagree, 5. Somewhat agree, 6. Agree, and 7. Strongly agree”. Cullinane et al. (2014) use this 

scale to measure production pace and Sprigg et al. (2007) use a variation to measure workload. 

As with instrument I, this instrument was crafted with a view to minimise common method effects 

(variance and bias) in self-reported data. The Likert response scales varied by type, number of scale 

points, and anchor labels for the questions. The instrument was short in length, was written in 

simple, easy-to-understand and concise language, was pilot-tested before deployment, and had a 

cover information sheet which explained the purpose of the survey and gave assurances of complete 

anonymity and confidentiality to participants. These a-priori procedures are all suggested measures 

to alleviate common method effects (Podsakoff et al., 2003; Lindell & Whitney, 2001; Chang et al., 

2010; Murray et al., 2005).  
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4.6: Data Analysis: Tools and Processes 

Both datasets were subjected to statistical tests of correlation, bivariate and multiple regression, 

and ordinary least squares regression-based path analyses to identify patterns and confirm, or 

disprove, the various hypotheses that were posited. These analyses address both the descriptive 

and the more explanatory, theory-driven questions posed in the research. They were conducted 

using SPSS Statistics Premium versions 25 and 26, and the PROCESS macro (version 3.5) was 

attached to the SPSS software to enable tests of multiple parallel mediation models in survey II. 

This macro, developed by Hayes (2018) was downloaded from processmacro.org and the custom 

dialog builder file was installed – users have the option of using syntax to communicate between 

both software systems, but I found the graphical interface more user-friendly.  

I chose to use PROCESS rather than a structural equation modelling (SEM) programme because the 

sample size of survey II was less than 200, and as Siddiqui (2013) argues, using SEM for sample 

sizes below 200 observations can “cause parameter estimates to be unstable and the tests of 

statistical significance to lack power” (p. 286). Also, due to the controls I put in place while setting 

up survey II on Qualtrics and Prolific, there was no missing data. A complete dataset is one of the 

primary conditions for using the PROCESS macro. PROCESS estimates mediation models by using 

ordinary least squares regression to separately test each associated equation and is very useful for 

assessing hypothesized indirect effects through bootstrapping methods (Hayes et al., 2017). 

 

4.7: Ethical Considerations, Data Storage and Management 

Care was taken to obtain approval for each survey from the University of Auckland Human 

Participants Ethics Committee (UAHPEC) prior to commencement. Research information documents 

(presented in the appendices) were prepared, approved, and distributed to study participants 

according to UAHPEC’s guidelines. Thus, all respondents were informed at the outset of the purpose 

and nature of the studies and the contact details of the researcher and supervisors. They were also 

told that their involvement was entirely voluntary and assured that their identities would be kept 

confidential, and all responses anonymized, and that the data would be stored indefinitely and might 

be used in future projects.  
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Furthermore, a data management plan was created to guide the use, access, and storage of the 

data. The plan, detailed in a document, stated the data – during the current research – would be 

stored in separate encrypted files in a university allocated drive to which only I have access. It 

would, thereafter, be transferred to the keeping of the department of Management and International 

Business to be archived in the research repository of the University of Auckland. Controlled access 

to the data would be granted to other researchers who make formal written requests, with the 

stipulation that any future use acknowledge the original source. 

 

4.8: Conclusion 

In this chapter, I have discussed my research journey and the various choices that were taken 

regarding the study’s philosophical underpinnings, its design and strategy, data collection methods 

and analysis, and ethics’ considerations. My philosophical perspective is critical realism, which has 

a realist ontology of an independent and single reality that has multiple interpretations, is stratified, 

and systemically open, and a relativist epistemology that allows for the social, technological, 

economic, and political framings of the I4.0 phenomenon. The causal-explanatory focus of critical 

realism is most suitable for uncovering, understanding, and theorising the causal mechanisms that 

interact in an I4.0 context to affect the nature of work in digitalised manufacturing. Also, the non-

prescriptive methodology allows the researcher the freedom to use a variety of techniques in 

ensuring the research objectives are met. Thus, the study, while primarily of a quantitative slant, 

contains qualitative inputs embedded in its survey research design and strategy to contextualise 

the phenomenon of I4.0.  

A survey research design was deemed appropriate for the study as it is a form of extensive research 

that allows the study of mechanisms operating in context. This choice is logically consistent with 

critical realist principles and has also had been used in previous research projects which studied 

manufacturing innovation and human work. Two online surveys were conducted, one in New 

Zealand and one globally, using instruments that were developed with input from academic and 

industry experts. Self-report questionnaires were used to collect cross-sectional data from 

manufacturing industry employers and employees of their experience implementing and working 
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with the advanced technologies of I4.0 digital manufacturing. This was done to gain a more 

comprehensive understanding of how the new paradigm impacts manufacturing work organisation. 
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Chapter 5: Results 

 

5.1: Introduction  

This chapter presents the findings of the online survey of New Zealand manufacturing companies 

and the online international survey of employees in the manufacturing industry. Both surveys looked 

at the incidence and experience of I4.0 advanced technology within manufacturing but did so from 

different perspectives. The resultant data was subjected to statistical analysis to identify patterns, 

trends, and demi-regs (McAvoy & Butler, 2018; Downward et al., 2002).  

The first section of the chapter reports on the NZ manufacturer survey and consists of information 

about the skill classes that were assessed, the sample demographic information, the correlation 

matrix of the variables in the survey, and descriptive statistics of the I4.0 technologies used, the 

degree of plant digitalisation, the drivers of I4.0 adoption in NZ, the challenges the companies faced 

and the responses. I also present a regression analysis of the factors that influence the decision to 

implement the technologies of I4.0. To reiterate, prediction in critical reality, and as used in this 

research, does not imply the existence of a deterministic or universal event regularity. Rather, it is 

the identification of how the demi-regular nature of mechanisms interact to cause an event. It is as 

argued by Fleetwood (2017), “whenever event y, then sometimes, but not always, event x” (p. 47). 

Also included in this section is the finding concerning the skills needs and shortages, training, and 

workforce management strategies used by NZ manufacturers. The results of testing hypotheses one 

to five are presented at the end of the section. 

The chapter then moves on to present a report of the findings of the international survey of 

manufacturing employees. It highlights the I4.0 technologies being used and the degree of 

workplace digitalisation, before focusing on the results of the questions regarding employee job 

satisfaction, experience of work intensity, skill use, involvement in decision-making, and HR 

practices. The section closes by communicating the results of the parallel mediation analysis testing 

the associations hypothesised in the conceptual model that was developed in chapter 3. 

The datasets of both surveys do not exhibit a normal distribution, and so non-parametric tests were 

chosen to compare groups. The Mann-Whitney U test was used to compare mean ranks (Mr) across 
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groups to determine the significance of the differences between the responses reported. The p-

value for all tests conducted was set at less than or equal .05.  

 

5.2: Survey I (New Zealand Manufacturing Companies)  

As mentioned in the preceding chapter, measures of skill use, importance, and shortages, workforce 

management strategies, capital expenditure on advanced technologies, and export orientation were 

included in instrument I. A list of 29 technical and non-technical skills, as shown in table 5.1 below, 

was adapted from the McKinsey Global Institute report on skills and the adoption of automation 

(Bughin et al., 2018). The list contains five categories of skills: physical and manual, basic cognitive, 

higher cognitive, social, and emotional, and technological skills. 

Physical and Manual Skills 

General equipment operation and navigation 

General equipment repair and mechanical skills 

Craft and technician skills 

Fine motor skills 

Gross motor skills and strength 

Inspecting and monitoring 

Basic Cognitive Skills 

Basic literacy 

Basic numeracy 

Basic communication 

Basic digital skills (data input and processing) 

Higher Cognitive Skills 

Advanced communication and negotiation 

Advanced literacy and writing 

Advanced mathematical and data analysis 

Business analysis and analytics 

Critical thinking and decision making 

Project management 

Complex information processing and interpretation 

Creativity 

Social and Emotional Skills Interpersonal skills and empathy 
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Leadership and managing others 

Entrepreneurship and initiative-taking 

Adaptability and continuous learning 

Teaching and training others 

Technological Skills 

Advanced IT 

Software programming (coding) 

Equipment Programming 

Design skills 

Advanced engineering and maintenance 

Scientific research and development 

 

Table 5.1: Skill Categories 

 

For ease of analyses, the 29 skills were collapsed into their respective categories to obtain single 

values for each of the three variables: importance of skills for current plant operation, current skill 

shortages, and importance of skills for plant operation in 2025 (future importance). In other words, 

physical and manual skills is the summation of six skills, basic cognition of four skills, higher 

cognition of 8 skills, social and emotional of five skills, and technological of six skills.  

Demographic Characterisation of Participants 

The demographic details of the NZ survey of manufacturing companies are presented in table 5.2. 

60.8 % of the manufacturing plants are reported to be between 31 to 60 years old, 29.1% are 30 

years old or less, while 10.2% are older than 60 years. Most respondents indicate they have 11 to 

50 fulltime employees working in their plants, 16.5 % have 10 or fewer staff members, 3.8% have 

between 51 and 100, 10.1% have staff numbers ranging from 101 to 500, and 1.3% have over 501 

employees. In terms of manufacturing sub-sector, other manufacturing at 50.6% and metal and 

metal products at 13.9% dominate the participant pool. Other sub-sectors include plastics and 

rubber at 8.9%, machinery and equipment at 8.9%, electronics at 5.1%, food and beverage at 

5.1%, and chemicals and refining at 3.8%. 87.3% of the companies in which our respondents work 

have a majority New Zealand ownership, while 12.7% are controlled by foreign shareholders. 
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Table 5.2: Demographic Representation of Survey I Sample 

 

 5.2.1: Descriptive Statistics 
 

To obtain the variable ‘manufacturing technologies’ values of 0 and 1 were respectively assigned to 

the non-use and use of the 15 separate advanced technologies, and then these were added up for 

each respondent. The variables of HR practices, involvement in decision-making, extent of training, 

and new or special training for Industry 4.0 were also condensed. From the skills categories in table 

5.3, we can see the moderate correlations between the use of manufacturing technologies and the 

current importance of higher cognitive, social and emotional, and technological skills at r = 0.38, r 

= 0.41, and r = 0.47 respectively. With current skill shortages, only higher cognitive skills (r = 

0.43) and technological skills (r = 0.45) are moderately associated with manufacturing technologies 

used. Also, moderate and weak relationships occur between the use of manufacturing technologies 

and the future importance of higher cognitive skills (r = 0.50), social and emotional skills (r = 0.37), 

and technological skills (r = 0.41). In addition, there is a weak relationship between manufacturing 

         

 

  

  

  

 

 
Manufacturing sub-sector Percent 

  

Age of Plant in 

years Percent 
 

 
Chemicals and refining 3.8 0 - 30 29.1 

 

 
Electronics 5.1 31 - 60 60.8 

 

 
Food and beverage 5.1 61 - 90 5.1 

 

 
Machinery and equipment 8.9 91 - 120 5.1 

 

 
Metal and metal products 13.9 

 

 

 
Other manufacturing 50.6 

 

 
Plastics and rubber 8.9 Employee Numbers Percent 

 

 
Wood and paper 3.8 0 - 10 16.5 

 

 
  11 - 50 68.4 

 

 
Controlling Stake in Plant Percent 51 - 100 3.8 

 

 
New Zealand majority shareholding 87.3 101 - 500 10.1 

 

 
Foreign majority shareholding 12.7 Over 501 1.3 
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technologies used and HR practices for technical specialists and professional engineers (r = 0.37), 

and a stronger association is seen for the extent of training provided to the same employee group 

(r = 0.44). There also exists weak relationships between the use of manufacturing technologies and 

involvement in decision-making by technical specialists (r = 0.33), extent of training given to 

operations workers (r = 0.29), and new or special training on I4.0 for technical specialists (r = 

0.31).



 

 

Table 5.3: Means, standard deviations and correlations between variables 

  

Column1 Variables Mean S.D. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1 Manufacturing Technology Summation 6.62 3.88

Current Importance of Skills

2 Physical and manual 38.24 9.31 0.17

3 Basic cognitive 28.15 6.12 .23* .55**

4 Higher cognitive 46.79 14.47 .38** .49** .54**

5 Social and emotional 35.32 6.57 .41** .48** .58** .75**

6 Technological 30.13 11.95 .47** .30** .43** .67** .57**

Current Skill Shortages

7 Physical and manual 32.1 14.20 .30* .57** .30** .30* .37** .26*

8 Basic cognitive 20.04 8.54 0.08 .31** 0.17 0.03 .24* 0.05 .76**

9 Higher cognitive 43.66 17.31 .43** .25* 0.14 .38** .38** .41** .66** .57**

10 Social and emotional 30.3 10.28 .24* 0.18 0.03 0.12 .29* 0.18 .63** .69** .73**

11 Technological 30.97 13.97 .45** .27* 0.1 .30* .32** .54** .63** .47** .82** .63**

Future Importance of Skills

12 Physical and manual 44.05 12.35 0.16 .45** .32** 0.17 .30* 0.15 .46** .33** .25* .30* .29*

13 Basic cognitive 30.84 8.93 .31* .24* .46** .25* .49** 0.19 .26* 0.23 0.2 .31* 0.21 .55**

14 Higher cognitive 59.74 18.48 .50** .29* .39** .46** .49** .43** 0.23 0.02 .48** .32** .46** .58** .54**

15 Social and emotional 41.09 10.92 .37** .33** .31** .27* .49** .24* .27* 0.16 .30* .35** .26* .52** .53** .72**

16 Technological 39.94 15.31 .41** .31** .34** .25* 0.23 .38** .28* -0.02 .43** .25* .51** .44** .33** .74** .48**

17 Actions taken to deal with skill shortages 4.61 1.86 .39** .34** .41** 0.25 .41** .42** .40** .26* .34** .45** .45** .27* .45** .33* .34** .35**

HR Practices

18 Operations Workers 56.98 14.14 0.25 .35** .43** .40** .49** .38** .34** 0.11 0.25 0.15 .33* 0.14 0.26 .31* .32* 0.26 .51**

19 Technical Specialists and Professional Engineers 52.69 17.71 .37** 0.23 .36** 0.24 .35* 0.26 -0.01 -.30* 0.05 -0.06 0.14 -0.04 0.18 .36* .34* .30* 0.27 .79**

Involvement in Decision-making

20 Operations Workers 23.96 6.13 0.18 .37** .39** .31* .28* .28* .49** 0.21 .39** 0.19 .36** .37** .29* .34* .29* 0.2 0.26 .63** .37**

21 Technical Specialists and Professional Engineers 22.65 7.63 .33* 0.18 .30* 0.19 0.26 0.16 0.03 -.28* 0.03 -0.04 0.07 0.13 0.19 .41** .37** .28* 0.17 .58** .83** .41**

Extent of Training

22 Operations Workers 21.73 6.76 .29* .42** .46** .38** .45** .34** 0.45** .27* .35** .37** .31* .35** .44** .31* .31* .43** 0.62** .57** .46** .34* .39**

23 Technical Specialists and Professional Engineers 20.31 6.94 .44** .32* 0.26 .32* .43** .28* .31* 0.12 0.23 0.18 0.26 .39* 0.24 .31* 0.09 0.25 .39** .46** .58** 0.23 .53** .64**

New or Special Training for I4.0

24 Operations Workers 2.55 1.03 0.3 0.31 0.22 0.29 0.16 .33* .35* .35* 0.27 0.14 .48** 0.18 0.17 0.28 0.25 0.26 0.23 .52** 0.24 .42* 0.08 .35* 0.33

25 Technical Specialists and Professional Engineers 2.69 1.24 .31* .42** .32* .33* .37** .34** .49** 0.22 .36** .31* .42** 0.25 .27* .33* .36** .36** .48** .63** .59** .39** .50** .65** .61** 0.29 n/a

*p < 0.05, **p < 0.01

Table 6.2: Means, standard deviations and correlations between variables



 

5.2.2: Digital Manufacturing Technologies Adopted 

Table 5.4 below displays the frequencies of the digital technologies in use by New Zealand 

manufacturers. These 15 technologies are grouped by the degree of use (ranked by mean values), 

as reported by the respondents, in table 5.5. The top five technologies are cybersecurity, cloud 

manufacturing, predictive maintenance, internet of things (IoT) and integrated planning. At the 

other end of the scale are big data, simulation, artificial intelligence, digital twin of production 

process, and virtual and augmented reality. The five middle technologies include advanced robotics, 

vertical and horizontal system integration, data-enabled resource optimisation, 3D printing (additive 

manufacturing) and connected sensors. 

I4.0 Technologies 

Plan to 

by 2025 

Not using and 

no plan to 

Began to 

implement 

Substantially 

implemented 

Fully 

implemented Total 

Cybersecurity 5 18 18 21 16 78 

Cloud Computing 6 20 17 27 8 78 

Predictive Maintenance 10 26 29 6 6 77 

Integrated Planning 9 29 25 10 4 77 

Vertical and Horizontal System 

Integration 7 37 18 12 2 76 

Connected Sensors 6 43 15 10 4 78 

Simulation 4 48 8 12 4 76 

Internet of Things 13 35 16 10 4 78 

3D Printing / Additive 

Manufacturing 9 45 13 7 4 78 

Data-enabled Resource 

Optimisation 10 40 20 4 3 77 

Big Data 8 48 11 5 2 74 

Advanced Robotics 15 47 12 3 1 78 

Digital Twin of Production 

Process 4 64 7 0 0 75 

Artificial Intelligence 7 63 6 0 1 77 

Virtual and Augmented Reality 4 69 5 0 0 78 

Table 5.4: Response to I4.0 Technologies Usage 
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I4.0 Technologies Mean S.D. 

Cybersecurity 2.32 1.222 

Cloud Computing 2.14 1.148 

Predictive Maintenance 1.64 1.063 

Integrated Planning 1.62 1.026 

Vertical and Horizontal System Integration 1.54 0.958 

Connected Sensors 1.53 0.990 

Simulation 1.53 1.000 

Internet of Things 1.45 1.077 

3D Printing / Additive Manufacturing 1.38 0.983 

Data-enabled Resource Optimisation 1.35 0.914 

Big Data 1.26 0.845 

Advanced Robotics 1.08 0.786 

Digital Twin of Production Process 1.04 0.383 

Artificial Intelligence 1.03 0.537 

Virtual and Augmented Reality 1.01 0.342 

Table 5.5:  I4.0 Technologies in New Zealand (Descending Order of Use) 

 

5.2.3: Degree of Digitalisation 

As seen in figure 5.1, the results reveal that New Zealand manufacturers describe their plants as 

completely digitalised (6.3%) and partially digitalised (24.1%), and slightly more than a quarter of 

them (25.3%) only use stand-alone digital technology solutions in their operations. However, 27.8% 

of respondents report negligible use of these technologies, while 16.5% indicate their organisations 

are still in the planning phase and intend to introduce digitalisation by 2025.  
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Figure 5.1: Degree of Digitalisation 

 

 
Frequency 

Little or no digitalisation 22 

Planning, will introduce between now and 2025 13 

Used digital technologies for stand-alone solutions 20 

Partially digitalised and connected 19 

Completely digitalised 5 

Total 79 

Table 5.6: Responses to Degree of Digitalisation 

 

The heat graph in figure 5.2 below is the breakdown of degree of digitalisation by industry sub-

sector and 2017 revenue figures and shows manufacturers in the electronics sector as the most 

likely to be partially digitalised and connected the higher their revenue – thus confirming the high 

technological and capital requirements necessary for operating in such a fast-moving innovative 

segment. Also, plants in the machinery and equipment sector, tend to be non-digitalised, planning 

for digitalisation, or completely digitalised with increasing revenue levels. The middle ground of 

digital stand-alone solutions and partial digitalisation does not appear to be of much interest. On 

the other hand, plants with higher revenue in the metal and metal products and food and beverage 

6.3%

24.1%

25.3%

27.8%

16.5% Complete digitalisation

Partially digitalised

Digital stand-alone solutions

Little or no digitalisation

Planning for digitalisation, will introduce
before 2025
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sectors remain at the partially digitalised and connected level. Greater revenue figures in other 

manufacturing (furniture, printing, clothing and footwear, and sports goods) is related to 

digitalisation being at the planning stage.  

 

Figure 5.2: Digitalisation by Sub-sector & Revenue 

 

 

In addition, plotting degree of digitalisation, industry sub-sector and percentage of output sold 

within New Zealand in figure 5.3 below indicates that the metal and metal products, plastics and 

rubber, chemicals and refining, and wood and paper segments operate mainly within the local 

market, and report low levels of digitalisation - these sectors contribute 32% of manufacturing GDP 

to the economy (MBIE, 2018). 
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Figure 5.3: Digitalisation by Sub-sector & NZ Sales 

 

On the other hand, figure 5.4 shows the effect when the percentage of output exported is plotted 

against the degree of digitalisation and industry sub-sector. The machinery and equipment and 

‘other’ manufacturing sub-sectors have a higher percentage of their products sold in international 

markets and appear to plan for and use digitalisation at a greater degree. The ‘other’ manufacturing 

sub-sector produces non-metallic products, textiles, leather, clothing and footwear, sports goods, 

printing, and furniture. The machinery and equipment sub-sector produces medical equipment, 

boats, domestic and industrial appliances, scientific and measuring equipment, optical, 

photographic, and cinematographic machines, fibre optics, computers, and communication 

equipment, and reports one of the highest innovation and R&D rates across all sectors in New 

Zealand (Stats NZ, 2020b). 
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Figure 5.4: Digitalisation by Sub-sector & Export 

 

Figure 5.5 below reveals that companies with a majority New Zealand ownership were more likely 

to spend a greater proportion of their capital expenditure on acquiring advanced manufacturing 

technologies, and thus report a higher use of digitalisation within their operations. Patterns of 

investment in advanced technologies, innovation and company ownership structure have been the 

subject of previous studies on Australia and Canada (Beaumont et al., 2002) and China (Pyke et 

al., 2002; Chen & Tan, 2013). These findings tend to indicate that foreign ownership correlates with 

increased levels of technology investment. However, my results fall outside this consensus. 
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Figure 5.5: Digitalisation by Plant Ownership & Capital Expenditure 

 

Based on the response to the question on the degree of plant digitalisation, the 79 respondents in 

the survey were categorised as either low or high adopters. Low adopters, consisting of 35 

respondents, are those who indicated they had little or no digitalisation in their manufacturing plants 

and those who were not digitalised but were planning for it and intend to introduce it by 2025. High 

adopters, who are 44 in number, are companies that use digital stand-alone solutions, are partially 

digitalised and connected, and those that report their plant as being completely digitalised. This 

categorisation will aid a deeper investigation of the data as shown below in table 5.7 in which the 

15 I4.0 technologies are grouped according to low/high adoption and ranked by mean values. High 

adopters report greater or nearly equal mean values for 14 technologies than do low adopters – 

additive manufacturing (3D printing) is the only exception – and this finding buttresses the 

categorisation according to levels of plant digitalisation. The top two and bottom four technologies 

appear in a similar ranking across both groups. The main differences occur in the middle of the table 

where we see that high adopters have integrated planning, vertical and horizontal system 

integration, and simulation featuring higher in the ranking.  
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Low Adopters High Adopters 

Technologies Mean N S.D. Technologies Mean N S.D. 

Cloud Computing 2.00 35 1.237 Cybersecurity 2.63 43 1.113 

Cybersecurity 1.94 35 1.259 Cloud Computing 2.26 43 1.071 

Predictive Maintenance 1.51 35 1.067 Integrated Planning 1.95 42 1.125 

3D Printing / Additive 

Manufacturing 

1.43 35 0.917 Vertical and Horizontal 

System Integration 

1.83 42 0.986 

Connected Sensors 1.29 35 0.825 Simulation 1.77 43 1.109 

Internet of Things 1.26 35 1.039 Predictive Maintenance 1.74 42 1.061 

Big Data 1.26 34 0.790 Connected Sensors 1.72 43 1.076 

Integrated Planning 1.23 35 0.731 Internet of Things 1.60 43 1.094 

Simulation 1.21 33 0.740 Data-enabled Resource 

Optimisation 

1.53 43 1.077 

Vertical and Horizontal System 

Integration 

1.18 34 0.797 3D Printing / Additive 

Manufacturing 

1.35 43 1.044 

Data-enabled Resource 

Optimisation 

1.12 34 0.591 Big Data 1.25 40 0.899 

Advanced Robotics 1.00 35 0.594 Advanced Robotics 1.14 43 0.915 

Digital Twin of Production Process 1.00 35 0.343 Artificial Intelligence 1.09 44 0.676 

Virtual and Augmented Reality 1.00 35 0.343 Digital Twin of Production 

Process 

1.08 40 0.417 

Artificial Intelligence 0.94 33 0.242 Virtual and Augmented 

Reality 

1.02 43 0.344 

Table 5.7: I4.0 Technologies Usage by Degree of Digitalisation 

 

However, a Mann-Whitney U test revealed that the difference in responses between the two groups 

was significant for only four I4.0 technologies. The results are displayed in table 5.8, and we can 

see that vertical and horizontal system integration scores for high adopters (Mr = 45.25, n = 42) 

were significantly higher than that of low adopters (Mr = 30.16, n = 34), U = 430, z = -3.181, p = 
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.001, with a moderate effect size r = .4. Similarly, cybersecurity usage by high adopters (Mr = 

45.19, n = 43) was greater that the use by low adopters (Mr = 32.51, n = 35), U = 508, z = -

2.524, p = .012. High adopters also had greater ratings for simulation (Mr = 43.20, n = 43) than 

did low adopters (Mr = 32.38, n = 33), U = 507.5, z = -2.456, p = .014 and a small effect size, r 

= .3; and for integrated planning (Mr = 45.63, n = 42) as compared to low adopters (Mr = 31.04, 

n = 35), U = 456.5, z = -2.989, p = .003, also with a small effect size of r = .3.  

I4.0 Technologies 
 

Mean Rank Mann-Whitney U Z p r 

Simulation 

High Adopters 43.20 507.5 -2.456 .014 0.3 

Low Adopters 32.38 

    
Vertical and Horizontal 

System Integration 

High Adopters 45.25 430.5 -3.181 .001 0.4 

Low Adopters 30.16 

    

Cybersecurity 

High Adopters 45.19 508.0 -2.524 .012 0.3 

Low Adopters 32.51 

    

Integrated Planning 

High Adopters 45.63 456.5 -2.989 .003 0.3 

Low Adopters 31.04 

    
Table 5.8: Mann Whitney U Test for I4.0 Technologies Usage 

 

 

5.2.4: Objectives of Adoption 

Table 5.9 presents the reasons given by respondents for adopting I4.0 technologies. These, ranked 

by their mean values in table 5.10, indicate that New Zealand manufacturers in general adopt digital 

manufacturing technologies mainly for enhanced performance. The desire for increased profits, 

greater quality of output and production efficiency increases with means of 4.22, 4.22 and 4.14 

emerge as the ultimate objective driving innovative technology adoption. At the same time, these 

companies seek to lower their operation costs (�̅� = 4.00) and react faster to customer requests (�̅� 

=  3.96) while growing market share (�̅� = 3.86) and developing new products and services for the 

market (�̅� =  3.82). They also want to meet the requirements of supply-chain partners (�̅� = 3.49) 

and reduce their transport and logistics expenses (�̅� = 3.41). Raw material sustainability (�̅� = 3.06) 

and personalised product offerings (�̅� = 2.91) feature lower on the table, while returning production 

to base (x̄ = 2.45) appears not to be a key driver of I4.0 adoption by NZ manufacturers.  
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Reasons 

Not at all 

important 

Slightly 

important 

Moderately 

important 

Very 

important 

Extremely 

important Total 

Improving output quality 0 6 3 38 32 79 

Increasing profitability 1 2 10 31 34 78 

Increasing production efficiency 2 1 12 33 31 79 

Lowering operation costs 0 5 15 34 25 79 

Faster reaction to customer wishes 0 4 16 37 21 78 

Growing market share 3 5 12 38 20 78 

Developing new products and 

services 

2 6 17 33 21 79 

Meeting requirements of supply-

chain partners 

7 7 20 30 15 79 

Reducing transport and logistics 

expenses 

5 11 25 23 15 79 

Improving sustainability, reducing 

raw material consumption 

8 17 24 20 9 78 

Personalising the product range 10 26 18 11 14 79 

Returning production back to New 

Zealand 

34 6 13 11 11 75 

Table 5.9: Objectives of I4.0 Adoption 

 

Objectives 

Low Adopters High Adopters Total 

Mean N SS.D. Mean N S.D. Mean N S.D. 

Improving output quality 3.91 35 0.951 4.45 44 0.663 4.22 79 0.842 

Increasing profitability 4.09 34 1.055 4.32 44 0.674 4.22 78 0.863 

Increasing production efficiency 3.91 35 0.951 4.32 44 0.829 4.14 79 0.902 

Lowering operation costs 3.86 35 0.974 4.11 44 0.784 4.00 79 0.877 

Faster reaction to customer 

wishes 

3.82 34 0.936 4.07 44 0.728 3.96 78 0.829 

Growing market share 3.56 34 1.160 4.09 44 0.802 3.86 78 1.003 
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Developing new products and 

services 

3.86 35 1.115 3.80 44 0.904 3.82 79 0.997 

Meeting requirements of 

supply-chain partners 

3.23 35 1.285 3.70 44 1.025 3.49 79 1.164 

Reducing transport and 

logistics expenses 

3.29 35 1.178 3.50 44 1.110 3.41 79 1.138 

Improving sustainability, 

reducing raw material 

consumption 

2.94 34 1.153 3.16 44 1.180 3.06 78 1.166 

Personalising the product range 2.89 35 1.278 2.93 44 1.336 2.91 79 1.303 

Returning production back to 

New Zealand 

2.26 34 1.421 2.61 41 1.626 2.45 75 1.536 

Table 5.10: Means & Std. Deviations of Objectives of adoption 

 

The objectives indicated by low and high adopters and shown in table 5.9 above follow an almost 

identical pattern with a few differences. A Mann-Whitney U test revealed that the objective of 

improving output quality was significantly less important for low adopters (Mr = 34.36, n =35) than 

for high adopters (Mr = 44.49, n = 44), U = 572.5, Z = -2.098, p = .036, with a medium effect size 

of r = .3. The objectives of increasing production efficiency and growing market share were also not 

as critical for low adopters as they were for high adopters, as presented in table 5.11 below.  

Objectives 

 
Mean Rank 

(Mr) 

Mann-Whitney 

U Z P r 

Increasing production efficiency High Adopters 44.49 572.5 -2.10 0.036 0.2 

 

Low Adopters 34.36 

    
Improving output quality High Adopters 45.76 516.5 -2.76 0.006 0.3 

 

Low Adopters 32.76 

    
Growing market share High Adopters 43.81 558.5 -2.06 0.040 0.2 

 
Low Adopters 33.93 

    
Table 5.11: Mann-Whitney U Test of Significance for Objectives of Adoption 
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5.2.5: Challenges of Adoption & Responses  

I asked respondents to identify the challenges they faced in the implementation of I4.0 digital 

manufacturing technologies and to rate the severity of each. The empirical results displayed in table 

5.12 reveal that for companies in New Zealand finding people with the requisite skills and availability 

is a major issue. Respondents indicated that they have significant difficulty hiring for these skills (�̄� 

= 2.52) and face a dearth of critical skills in current employees (�̄� = 2.38). Another prime issue is 

the uncertainty associated with investing in digital manufacturing technologies. The possibility of a 

low-return on investment, a long pay-back period, the complexity integrating with existing systems, 

and the lack of support from government agencies rank high on the list with means of 2.15, 2.14, 

2.13, and 2.09 respectively. In contrast, respondents consider the difficulty in accessing funding 

(�̄� = 1.90), employee resistance to change (�̄� = 1.89), and lack of technical support (�̄� = 1.81) to 

be less of a challenge. The incidence of decisions made outside the plant (�̄� = 1.25) is clearly not 

an issue.  

 

  Mean 

 

S.D. 

Difficulty in recruiting skilled staff 2.52 
 

0.677 

Lack of employee skills 2.38 
 

0.722 

Low return on investment 2.15 
 

0.685 

Long payback period 2.14 
 

0.729 

Difficulty in integrating new advanced technologies with existing systems, standards, 

and processes 

2.13 
 

0.648 

Lack of support from government agencies 2.09 
 

0.830 

Difficulty in accessing funding 1.90 
 

0.794 

Workforce resistance to change 1.89 
 

0.640 

Lack of technical support of services 1.81 
 

0.685 

Decisions affecting our plant are made elsewhere in the organisation 1.25 
 

0.588 

Table 5.12: Challenges of Adoption 
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Challenges 

  Low 

Adopters 

High 

Adopters Total X2 df P 

Lack of employee skills Not a challenge 9 2 11 7.315 2 .026* 

Minor challenge 10 17 27       

Major challenge 16 25 41       

Total 35 44 79       

Workforce resistance to change Not a challenge 14 7 21 11.486 2 .003* 

Minor challenge 13 33 46       

Major challenge 8 4 12       

Total 35 44 79       

Difficulty in recruiting skilled 

staff 

Not a challenge 6 2 8 4.482 2 0.106 

Minor challenge 11 11 22       

Major challenge 18 31 49       

Total 35 44 79       

Low return on investment Not a challenge 6 7 13 0.36 2 0.835 

Minor challenge 19 21 40       

Major challenge 10 15 25       

Total 35 43 78       

Long payback period Not a challenge 9 7 16 1.166 2 0.558 

Minor challenge 15 21 36       

Major challenge 11 16 27       

Total 35 44 79       

Difficulty in accessing funding Not a challenge 14 15 29 0.304 2 0.859 

Minor challenge 12 17 29       

Major challenge 9 12 21       

Total 35 44 79       

Lack of support from 

government agencies 

Not a challenge 11 12 23 1.681 2 0.431 

Minor challenge 8 16 24       

Major challenge 15 15 30       

Total 34 43 77       

Not a challenge 6 6 12 0.822 2 0.663 



 

115 

 

Difficulty in integrating new 

advanced technologies with 

existing systems, standards, 

and processes 

Minor challenge 21 24 45       

Major challenge 8 14 22       

Total 35 44 79       

Decisions affecting our plant 

are made elsewhere in the 

organisation 

Not a challenge 32 33 65 4.211 2 0.122 

Minor challenge 1 7 8       

Major challenge 2 4 6       

Total 35 44 79       

Lack of technical support of 

services 

Not a challenge 16 11 27 3.553 2 0.169 

Minor challenge 15 24 39       

Major challenge 4 8 12       

Total   35 43 78       

*p<0.05 
       

Table 5.13: Crosstabs and Chi-Square of Challenges to Adoption 

 

From the information in table 5.13 above, the chi-square test of independence shows that high 

adopters were more likely to identify the lack of employee skills as a challenge than were low 

adopters (X2 = 7.315, df = 2, p = .026). There was also a significant difference between the two 

groups regarding workforce resistance to change (X2 = 11.486, df = 2, p = .003) with high adopters 

regarding it as less of a major challenge than low adopters. 

To alleviate the challenges of adoption, respondents, as seen from table 5.14, prefer to offer in-

house training to their employees (�̄�= 2.18). They also consider partnering with clients (�̄�= 1.97) 

and suppliers (�̄�= 1.84), offering attractive remuneration (�̄�= 1.82), improving working conditions 

(�̄�= 1.81), short-term subcontracting (�̄� = 1.76), help from professional networks (�̄� = 1.72), and 

use of consultants (�̄� = 1.62). However, respondents appear less interested in seeking financial help 

(�̄� = 1.43), recruiting university graduates (𝑥 ̅ = 1.40) and collaborating with universities and other 

research centres (𝑥 ̅ = 1.37). Acquiring another company that had developed advanced technologies 

(𝑥 ̅ = 1.06), does not seem to be an attractive option, either.  
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Actions taken 

Low Adopters High Adopters Total 

Mean N S.D. Mean N S.D. Mean S.D. 

Offered training as needed in the 

organisation 

2.00 34 0.696 2.33 43 0.606 2.18 0.663 

Worked in partnership with clients 2.00 35 0.840 1.95 44 0.834 1.97 0.832 

Collaborated with other suppliers 1.83 35 0.747 1.84 44 0.680 1.84 0.706 

Offered attractive pay 1.54 35 0.561 2.05 44 0.608 1.82 0.636 

Improved working conditions 1.63 35 0.598 1.95 44 0.746 1.81 0.699 

Subcontracted labour for short-term 

needs 

1.71 35 0.667 1.80 44 0.701 1.76 0.683 

Sought help from professional networks 1.63 35 0.598 1.80 44 0.594 1.72 0.598 

Called in consultants 1.41 34 0.609 1.77 44 0.774 1.62 0.725 

Obtained financial help 1.54 35 0.701 1.34 44 0.608 1.43 0.654 

Recruitment of recent university 

graduates 

1.21 34 0.479 1.55 44 0.663 1.40 0.61 

Collaborated with universities or 

research centres to develop advanced 

technologies 

1.29 34 0.579 1.43 44 0.625 1.37 0.605 

Acquired another company that had 

developed the particular advanced 

technology 

1.06 35 0.236 1.07 44 0.334 1.06 0.293 

Table 5.14: Responses to Challenges 

 

Further analysis using a Mann-Whitney U test on the two groups shows that high adopters (Mr = 

47.14, n = 44) significantly reported offering attractive pay in response to the challenges of I4.0 

adoption compared to low adopters (Mr = 31.03, n = 35), U = 456, z = -3.497, p<.000, and a 

medium effect size of r = .4. Table 5.15 presents the results of the significance tests which also 

show high adopters scoring higher on recruiting recent university graduates, offering in-house 

training, and calling in consultants as remedies to the challenges they faced. 
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Response 

 
Mean 

Rank 

Mann-

Whitney U Z P r 

Offered attractive pay High Adopters 47.14 456 -3.497 <.000 0.4 

 
Low Adopters 31.03 

    

Improved working conditions High Adopters 44.13 588.5 -1.955 0.051 0.2 

 
Low Adopters 34.81 

    

Recruitment of recent university 

graduates 

High Adopters 44.27 538 -2.559 0.011 0.3 

Low Adopters 33.32 
    

Offered training as needed in the 

organisation 

High Adopters 43.23 549 -2.072 0.038 0.2 

Low Adopters 33.65 
    

Called in consultants High Adopters 43.82 558 -2.121 0.034 0.2 

 
Low Adopters 33.91 

    

Table 5.15: Mann-Whitney U Test for Response to Challenges of Adoption 

 

5.2.6: Predictors of Adoption 

A multiple regression was carried out to investigate which of the variables in the study directly 

influence the decision to implement advanced manufacturing technologies. The model was 

developed using a backward selection of study variables. All relevant variables, including the 

percentage of capital expenditure and type of operational strategy (innovation or cost) were 

included in the initial model with the use of I4.0 technologies serving as the dependant variable. 

Then, variables with the highest p-values were subsequently eliminated in a single fashion until the 

highest adjusted R2 was achieved. The results, presented below in table 5.16, indicate that the 

model explains 42.3% of the variance, and is a significant predictor of the adoption of advanced 

manufacturing technologies by New Zealand companies, f(3,31) = 9.304, p = .000. The three 

variables, ranked by their contributory effect to the model include the manufacturing plant’s revenue 

figure for 2017 (β = 0.621, p = .000), age of manufacturing plant in 2015 (β = -0.490, p = .002), 

and the number of full-time employees at the plant in 2015 (β = 0.308, p = .032). The negative 

coefficient of manufacturing plant age indicates that greater plant age is associated with lower 

likelihood of adopting I4.0 technologies. Conversely, the existence of more full-time employees 

working within manufacturing plants is positively related to the increased use of advanced 
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manufacturing technologies. Not surprisingly, however, the most significant predictor of innovative 

manufacturing technology adoption is the 2017 revenue figure of the manufacturing plant. With 

respect to the collinearity statistics, Thompson et al (2017) argue that the presence of 

multicollinearity is indicated when the values of the tolerance index are small. The tolerance values 

shown below (0.898, 0.840 & 0.929) and its inverse, the  VIF index (1.113,1.190 & 1.076) – which, 

according to O’Brien (2007) should have values less than 10 – confirm the absence of 

multicollinearity in the model.  

 Correlations Collinearity 

Model Predictors USC B SE SC β t p 

Zero-

order 
Partial 

Semi-

partial 
Tolerance VIF 

1 

Number of 

full-time 

employees in 

2015 

0.004 0.002 0.308 2.241 0.032 0.160 0.373 0.292 0.898 1.113 

 

Age of plant 

in 2015 

-0.075 0.022 

-

0.490 

-3.447 0.002 -0.237 -0.526 -0.449 0.840 1.190 

Total 

revenue of 

plant in 2017 

1.244E-

07 

0.000 0.621 4.591 0.000 0.497 0.636 0.598 0.929 1.076 

R2 0.474 

 

Adjusted 

R2 

0.423 

F value 
9.304 (p = 

.000) 

Intercept 7.488 

*USC - Unstandardized Coefficients; *SC - Standardised Coefficients 

 

Table 5.16: Predictors of Manufacturing Technology Adoption 

 

5.2.7: Importance of Skills        

As mentioned earlier, the survey provided respondents with a list of 29 technical and non-technical 

skills and asked them to indicate the importance of each to their current and future (in 2025) plant 

operations. Table 5.17 below presents the current view of skills ranked by mean values. Basic 

communication (�̄� = 7.73)  appears to be the most important skill New Zealand manufacturers value 

in their employees. This is followed by basic numeracy (�̄�= 7.53) and leadership and managing 
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others (�̄� = 7.51). Of the top ten skills, three fall under the basic cognitive label (basic 

communication, basic numeracy, and basic literacy), four are categorised under social and emotional 

skills (leadership and managing others, adaptability and continuous learning, teaching and training 

others, and interpersonal skills and empathy), and the other three are physical and manual skills 

(general equipment operation and navigation, inspecting and monitoring, and craft and technician 

skills). At the other end of the scale, the least ranked skills are all technological – advanced IT (�̄� = 

4.27), software programming (�̄� = 4.19), and scientific research and development (�̄� = 4.03). 

However, most of the bottom ten skills are higher cognitive skills (complex information processing 

and interpretation, business analysis and analytics, advanced communication and negotiation, 

advanced literacy and writing, and advanced mathematical and data analysis).  

 Skills Mean S.D. 

1 Basic communication 7.73 1.609 

2 Basic numeracy 7.53 1.878 

3 Leadership and managing others 7.51 1.767 

4 General equipment operation and navigation 7.34 1.401 

5 Basic literacy 7.32 1.856 

6 Adaptability and continuous learning 7.30 1.496 

7 Teaching and training others 7.30 1.590 

8 Inspecting and monitoring 7.17 2.009 

9 Craft and technician skills 7.14 1.978 

10 Interpersonal skills and empathy 7.08 1.812 

11 Critical thinking and decision making 7.05 1.769 

12 General equipment repair and mechanical skills 6.63 1.824 

13 Creativity 6.57 2.446 

14 Design 6.39 2.482 

15 Project management 6.25 2.498 

16 Entrepreneurship and initiative-taking 6.14 2.269 

17 Equipment Programming 6.13 2.668 

18 Basic digital skills (data input and processing) 5.84 2.396 

19 Advanced engineering and maintenance 5.73 2.766 
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20 Complex information processing and interpretation 5.66 2.659 

21 Fine motor skills 5.53 2.407 

22 Business analysis and analytics 5.41 2.504 

23 Advanced communication and negotiation 5.40 2.375 

24 Gross motor skills and strength 5.31 2.254 

25 Advanced literacy and writing 5.27 2.309 

26 Advanced mathematical and data analysis 5.25 2.550 

27 Advanced IT 4.27 2.629 

28 Software programming (coding) 4.19 3.260 

29 Scientific research and development 4.03 2.919 

Table 5.17: Current Importance of Skills 

 

The ranking of skills as currently important to plant operations by high adopters is shown below in 

table 5.18. The mean scores are higher than in the general group for each skill except for gross 

motor skills and strength (�̄� = 4.93). The pattern of ranking is also similar, with both lists having 

the higher cognitive skills placing at the middle while the basic cognitive, social and emotional, and 

physical and manual skill classes are seen as more important. Of note, however, critical thinking 

and decision making (a higher cognitive skill) has risen to 10th place and is ranked higher than 

interpersonal skills and empathy. 

 

N Skills Mean S.D. 

1 Basic communication 8.05 1.308 

2 Basic numeracy 7.84 1.479 

3 Leadership and managing others 7.70 1.611 

4 Teaching and training others 7.67 1.248 

5 Basic literacy 7.60 1.594 

6 Adaptability and continuous learning 7.51 1.404 

7 General equipment operation and navigation 7.44 1.419 

8 Inspecting and monitoring 7.40 2.037 

9 Craft and technician skills 7.33 1.961 
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10 Critical thinking and decision making 7.30 1.698 

11 Interpersonal skills and empathy 7.23 1.556 

12 Equipment Programming 6.86 2.374 

13 Creativity 6.72 2.333 

14 General equipment repair and mechanical skills 6.67 1.756 

15 Basic digital skills (data input and processing) 6.42 2.239 

16 Design 6.40 2.548 

17 Project management 6.28 2.374 

18 Entrepreneurship and initiative-taking 6.14 2.436 

19 Advanced engineering and maintenance 6.12 2.674 

20 Fine motor skills 5.98 2.087 

21 Complex information processing and interpretation 5.95 2.497 

22 Advanced mathematical and data analysis 5.74 2.290 

23 Advanced communication and negotiation 5.63 2.093 

24 Business analysis and analytics 5.57 2.568 

25 Advanced literacy and writing 5.51 2.040 

26 Gross motor skills and strength 4.93 2.076 

27 Software programming (coding) 4.79 3.265 

28 Advanced IT 4.65 2.468 

29 Scientific research and development 4.37 2.948 

Table 5.18: Current Importance of Skills by High Adopters 

 

The frequencies of all respondents’ answers to the question of current skill importance are presented 

in table 5.19 below. 

 



 

 

Table 5.19: Frequencies of Current Importance of Skills 

 

Basic communication 0 1 0 0 3 5 5 10 21 33 78

Basic numeracy 0 1 1 1 5 4 4 13 15 34 78

Leadership and managing others 0 2 0 1 1 5 8 12 20 28 77

General equipment operation and navigation 0 0 0 1 2 5 13 13 27 16 77

Basic literacy 0 1 1 1 4 6 6 15 15 27 76

Adaptability and continuous learning 0 0 0 0 4 8 11 10 26 18 77

Teaching and training others 0 1 1 0 1 6 9 20 20 19 77

Inspecting and monitoring 0 1 2 2 4 5 9 12 14 27 76

Craft and technician skills 0 2 1 2 2 7 9 11 19 23 76

Interpersonal skills and empathy 0 0 2 2 3 10 7 10 26 17 77

Critical thinking and decision making 0 1 2 0 2 6 18 10 20 18 77

General equipment repair and mechanical skills 0 1 2 1 3 16 10 14 20 11 78

Creativity 4 0 2 3 4 8 10 12 13 21 77

Design skills 2 3 2 4 4 9 10 8 16 18 76

Project management 3 3 4 2 1 11 9 14 17 13 77

Entrepreneurship and initiative-taking 1 2 4 4 5 13 6 18 12 12 77

Equipment Programming 4 2 2 3 10 8 7 8 12 19 75

Basic digital skills (data input and processing) 1 6 3 3 4 15 8 14 15 8 77

Advanced engineering and maintenance 4 6 3 4 5 10 7 11 15 12 77

Complex information processing and interpretation 4 6 2 5 5 8 8 18 12 9 77

Fine motor skills 1 6 2 5 8 17 8 8 11 9 75

Business analysis and analytics 1 6 5 7 7 13 4 15 10 8 76

Advanced communication and negotiation skills 2 4 3 6 11 16 7 10 10 8 77

Gross motor skills and strength 1 4 5 6 8 16 10 12 7 6 75

Advanced literacy and writing 2 2 7 7 7 19 6 12 9 6 77

Advanced mathematical and data analysis skills 3 5 7 5 3 18 9 10 9 8 77

Advanced IT skills 5 11 9 6 8 9 10 10 6 3 77

Software programming (coding) 10 14 7 4 4 6 3 7 9 9 73

Scientific research and development 10 11 6 6 7 12 3 7 6 6 74

Slightly high 

importance

High 

importance

Very high 

importance
Total

Low 

importance

Slightly low 

importance

Moderately 

low 

importance

Important

Moderately 

high 

importance

Not 

relevant

Very low 

importance
Skills



 
Table 5.20 displays the skills respondents believe will be of relevance to their manufacturing 

operations in five years’ time. Basic communication (�̅�=8.45) still features high on the list, but it 

has slipped down the number one spot behind leadership and managing others (�̅�=8.69). These two 

are followed by adaptability and continuous learning (�̅�=8.44), and craft and technician skills 

(�̅�=8.42). The top ten on the list are still mostly social and emotional skills (leadership and managing 

others, adaptability, and continuous learning, teaching, and training others, and interpersonal skills 

and empathy), and one higher cognitive skill – critical thinking and decision-making (�̅�=8.22) - has 

risen in importance. Technological skills still congregate at the lower end of the list with advanced 

engineering and maintenance (�̅�=7.31), advanced IT (�̅�=6.29), software programming (�̅�=5.88), 

and scientific research and development (�̅�=5.72). Also, three higher cognitive skills make up the 

bottom ten – advanced communication and negotiation (�̅�=7.29), advanced mathematical and data 

analysis (�̅�=6.77), and advanced literacy and writing (�̅�=6.71). Gross motor skills (�̅�=5.53), under 

the physical and manual category, brings up the rear.  

 
Skills Mean S.D. 

1 Leadership and managing others 8.69 3.620 

2 Basic communication 8.45 2.808 

3 Adaptability and continuous learning 8.44 3.012 

4 Craft and technician skills 8.42 2.913 

5 Teaching and training others 8.28 2.682 

6 Interpersonal skills and empathy 8.25 3.006 

7 Critical thinking and decision making 8.22 3.254 

8 General equipment repair and mechanical skills 8.02 3.354 

9 Basic numeracy 8.00 3.311 

10 Inspecting and monitoring 7.97 3.001 

11 Entrepreneurship and initiative-taking 7.92 2.880 

12 General equipment operation and navigation 7.92 3.390 

13 Basic literacy 7.89 2.940 

14 Creativity 7.88 2.914 

15 Business analysis and analytics 7.85 2.913 

16 Project management 7.82 3.193 

17 Design  7.82 3.122 
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18 Equipment Programming 7.54 2.412 

19 Complex information processing and interpretation 7.45 2.729 

20 Advanced engineering and maintenance 7.31 2.852 

21 Advanced communication and negotiation  7.29 2.414 

22 Basic digital skills (data input and processing) 6.85 2.662 

23 Advanced mathematical and data analysis 6.77 2.845 

24 Advanced literacy and writing 6.71 2.673 

25 Fine motor skills 6.30 2.625 

26 Advanced IT 6.29 2.348 

27 Software programming (coding) 5.88 2.525 

28 Scientific research and development 5.72 2.670 

29 Gross motor skills and strength 5.53 2.722 

Table 5.20: Future Importance of Skills 

 

Figure 5.6 below presents the comparison of both time periods and shows the change in relevance 

between now and 2025. It appears business analysis and analytics has the highest increase in 

importance for New Zealand manufacturers. 
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Figure 5.6: Current and future importance of skills 

 

Furthermore, a Wilcoxon signed-rank test was done to compare the changes in the current and 

future median scores reported by respondents. The data, as mentioned previously, does not follow 

a normal distribution, so a non-parametric paired test of central tendency was chosen to analyse 

the differences in ratings of skill importance. As presented in table 5.21, there are significant 

differences (p<.05) between the reported scores for current and future importance of skills for 27 

skills. For example, there is a significant difference between the current importance of business 

analysis and analytics (Md = 5, Mr= 18.38) and its future importance (Md = 8, Mr = 29.09), z = -

5.150, p < .000, with a large effect size, r = 0.6. Only two of the 29 skills do not show a significant 

difference – gross motor skills and strength and basic numeracy. 
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Skills 

Current Importance Future Importance 

Z* p r Median 

Mean 

Rank Median 

Mean 

Rank 

General equipment operation and 

navigation 8 20.40 8 23.59 -2.226 .026 0.3 

General equipment repair and 

mechanical skills 7 22.94 8 30.08 -3.405 .001 0.4 

Craft and technician skills 8 21.10 9 22.91 -3.329 .001 0.4 

Fine motor skills 5 24.86 6 26.43 -2.998 .003 0.4 

Gross motor skills and strength 5 23.00 6 23.82 -1.408 .159 0.2 

Inspecting and monitoring 8 17.69 8 24.52 -3.112 .002 0.4 

Basic literacy 8 18.50 8 21.58 -2.081 .037 0.3 

Basic numeracy 8 17.52 8 26.65 -1.710 .087 0.2 

Basic communication 8 17.44 9 24.70 -2.365 .018 0.3 

Basic digital skills (data input and 

processing) 6 24.86 7 26.62 -2.035 .042 0.3 

Advanced communication and 

negotiation skills 5 20.50 7.5 28.51 -4.545 .000 0.6 

Advanced literacy and writing 5 20.87 7 30.68 -3.859 .000 0.5 

Advanced mathematical and data 

analysis skills 5 23.65 7 29.35 -3.897 .000 0.5 

Business analysis and analytics 5 18.38 8 29.09 -5.150 .000 0.6 

Critical thinking and decision making 7 20.55 8 24.43 -3.468 .001 0.4 

Project management 7 23.31 9 28.83 -3.816 .000 0.5 

Complex information processing and 

interpretation 7 17.27 7 27.82 -4.341 .000 0.5 

Creativity 7 15.27 8 25.53 -3.475 .001 0.4 

Interpersonal skills and empathy 8 20.22 8 23.09 -3.679 .000 0.5 

Leadership and managing others 8 15.83 9 27.21 -3.327 .001 0.4 

Entrepreneurship and initiative-

taking 7 20.25 8 27.40 -4.334 .000 0.5 

Adaptability and continuous learning 8 20.50 9 28.08 -3.567 .000 0.4 
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Teaching and training others 8 18.46 8 26.35 -3.255 .001 0.4 

Advanced IT skills 4 20.30 7 27.98 -4.442 .000 0.5 

Software programming (coding) 4 22.50 6 28.28 -3.013 .003 0.4 

Equipment Programming 7 22.46 9 27.34 -3.283 .001 0.4 

Design skills 7 18.45 8 26.89 -4.096 .000 0.5 

Advanced engineering and 

maintenance 6 18.97 8 30.16 -3.356 .001 0.4 

Scientific research and development 4 26.87 6 31.07 -3.659 .000 0.5 

*Based on negative ranks 

Table 5.21:Wilcoxon Signed-Rank Test comparing Current and Future Importance of Skills 

 

5.2.8: Current Skills Shortages & Responses 

Respondents were also asked if they were experiencing a shortage in any of the 29 skills. Their 

response is presented and ranked by mean values in table 5.22 below. Leadership and managing 

others (�̅�=6.50) is the skill New Zealand manufacturers report as most scarce, the next skill is 

teaching and training others (�̅�=6.35), closely followed by craft and technician skills (�̅�=6.34). Here 

also, four of the top ten skill deficits are under the social and emotional skills category (leadership 

and managing others, teaching and training others, entrepreneurship and initiative taking, and 

adaptability and continuous learning), three are technological (advanced engineering and 

maintenance, design, and equipment programming), and two are higher cognitive skills [project 

management (�̅� = 6.03) and critical thinking and decision-making (�̅�=5.89)]. There appears to be 

less of a scarcity in gross motor skills (�̅� = 4.91), software programming (�̅� = 4.91), and basic 

digital skills (�̅� = 4.84), lying at the opposite end of the scale. Frequencies for current skill shortages 

are presented in table 5.23. 

 
Skills Mean S.D. 

1 Leadership and managing others 6.50 2.333 

2 Teaching and training others 6.35 2.168 

3 Craft and technician skills 6.34 2.471 

4 Project management 6.03 2.504 

5 Entrepreneurship and initiative-taking 6.00 2.539 
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6 Adaptability and continuous learning 6.00 2.269 

7 Advanced engineering and maintenance 5.92 2.565 

8 Design  5.91 2.556 

9 Critical thinking and decision making 5.89 2.447 

10 Equipment Programming 5.89 2.409 

11 General equipment repair and mechanical skills 5.87 2.546 

12 Interpersonal skills and empathy 5.80 2.131 

13 General equipment operation and navigation 5.79 2.715 

14 Inspecting and monitoring 5.75 2.470 

15 Creativity 5.71 2.410 

16 Advanced communication and negotiation  5.63 2.406 

17 Advanced mathematical and data analysis 5.53 2.394 

18 Advanced literacy and writing 5.48 2.259 

19 Advanced IT 5.48 2.723 

20 Business analysis and analytics 5.46 2.489 

21 Complex information processing and interpretation 5.45 2.642 

22 Scientific research and development 5.40 2.878 

23 Basic literacy 5.31 2.423 

24 Basic numeracy 5.28 2.531 

25 Fine motor skills 5.26 2.636 

26 Basic communication 5.24 2.357 

27 Gross motor skills and strength 4.91 2.350 

28 Software programming (coding) 4.91 2.811 

29 Basic digital skills (data input and processing) 4.84 2.129 

Table 5.22: Current Skill Shortages 



 

 

Table 5.23: Frequencies for Current Skill Shortages 

Leadership and managing others 5 1 12 6 9 9 12 9 7 70

Teaching and training others 4 4 8 7 11 9 15 8 3 69

Craft and technician skills 5 5 9 6 12 6 6 12 7 68

Project management 7 6 10 4 11 9 6 9 6 68

Entrepreneurship and initiative-taking 8 5 9 7 10 8 6 8 7 68

Adaptability and continuous learning 7 4 10 6 8 13 12 7 2 69

Advanced engineering and maintenance 9 7 5 2 14 8 7 6 6 64

Design skills 9 5 7 7 6 12 7 4 7 64

Critical thinking and decision making 7 8 8 8 9 9 10 5 6 70

Equipment Programming 5 6 10 7 8 8 7 4 6 61

General equipment repair and mechanical skills 11 7 5 3 14 11 8 6 6 71

Interpersonal skills and empathy 6 4 12 8 13 8 13 4 2 70

General equipment operation and navigation 12 7 8 4 10 10 5 6 9 71

Inspecting and monitoring 10 7 6 7 7 11 12 4 4 68

Creativity 12 2 6 5 17 9 7 3 5 66

Advanced communication and negotiation skills 9 8 7 7 10 11 6 7 3 68

Advanced mathematical and data analysis skills 9 8 8 6 10 10 8 3 4 66

Advanced literacy and writing 8 7 10 8 10 12 5 4 3 67

Advanced IT skills 12 10 5 3 10 4 9 4 6 63

Business analysis and analytics 12 8 8 5 8 11 9 5 3 69

Complex information processing and interpretation 10 11 10 5 6 6 7 7 5 67

Scientific research and development 16 6 3 0 9 9 3 5 6 57

Basic literacy 12 8 8 10 9 7 8 5 3 70

Basic numeracy 13 9 9 9 6 8 9 3 5 71

Fine motor skills 15 5 8 9 7 6 3 8 4 65

Basic communication 10 12 7 11 10 4 11 3 3 71

Gross motor skills and strength 15 5 11 9 7 10 2 3 3 65

Software programming (coding) 16 9 6 2 5 7 2 3 6 56

Basic digital skills (data input and processing) 11 11 10 8 13 6 5 1 2 67

Almost 

always
Always TotalRarely Sometimes Occasionally Frequently

Very 

frequentlySkills in shortage
Never

Very 

rarely



 
However, high adopters, as shown in table 5.24 below, report craft and technician skills (�̅�=6.71), 

as the area in which they experience the most shortage. This is followed by a set of four skills for 

which they face a similar lack – teaching and training others (�̅�=6.24), equipment programming 

(�̅�=6.21), leadership and managing others (�̅�=6.18), and advanced engineering and maintenance 

(�̅�=6.18). There are five technological class skills in the top 10, three social and emotional class 

skills (teaching and training others, leading and managing others, and entrepreneurship and 

initiative-taking), one physical and manual class skill (craft and technician skill), and one higher 

cognitive class skill (project management). It should be noted that while high adopters report facing 

skill deficits in advanced IT (�̅�=6.06), and software programming (�̅�=5.90), they have also indicated 

(in table 5.18) these two skills as being of less importance to their plant operations.  

N Skills Mean S.D. 

1 Craft and technician skills 6.71 2.404 

2 Teaching and training others 6.24 2.140 

3 Equipment Programming 6.21 2.595 

4 Leadership and managing others 6.18 2.252 

5 Advanced engineering and maintenance 6.18 2.747 

6 Advanced IT 6.06 2.628 

7 Project management 5.95 2.438 

8 Entrepreneurship and initiative-taking 5.94 2.585 

9 Design 5.91 2.578 

10 Software programming (coding) 5.90 2.905 

11 Advanced communication and negotiation 5.89 2.323 

12 General equipment repair and mechanical skills 5.87 2.280 

13 Advanced mathematical and data analysis 5.86 2.440 

14 Adaptability and continuous learning 5.86 2.123 

15 Inspecting and monitoring 5.84 2.192 

16 General equipment operation and navigation 5.82 2.338 

17 Critical thinking and decision making 5.79 2.462 

18 Scientific research and development 5.72 2.939 

19 Business analysis and analytics 5.57 2.609 

20 Advanced literacy and writing 5.54 2.243 

21 Interpersonal skills and empathy 5.50 1.997 
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22 Complex information processing and interpretation 5.35 2.541 

23 Fine motor skills 5.33 2.366 

24 Creativity 5.22 2.257 

25 Basic literacy 4.92 2.247 

26 Gross motor skills and strength 4.86 2.060 

27 Basic numeracy 4.84 2.272 

28 Basic digital skills (data input and processing) 4.77 2.073 

29 Basic communication 4.63 2.059 

Table 5.24: Skill Shortages by High Adopters 

 

As shown in table 5.25, the most preferred action of New Zealand manufacturers to deal with these 

skill shortages is to provide in-house training to their employees (�̅� = 2.48). They then resorted to 

recruiting skilled workers (�̅� = 2.37) and improving salaries, wages, and benefits (�̅� = 2.15). The 

least attractive remedies are establishing links with universities, institutes of technology and 

polytechnics (�̅� = 1.41), collaborating with private training establishments (�̅� = 1.44), and offering 

internships (�̅� = 1.49). A Mann-Whitney U test revealed no significant differences between the 

reported scores of low and high adopters on the actions taken to deal with skill shortages. 

Responses Mean S.D. 

Fr
eq

u
en

ci
es

 

Not 

an 

action 

Minor 

action 

Major 

action 

Tota

l 

 

Provided in-house training 2.48 0.622 4 24 33 61  

Recruited skilled employees 2.37 0.688 7 24 29 60  

Improved salaries, wages and benefits 2.15 0.679 10 32 19 61  

Partnered with industry training 

organisations (ITOs) 1.70 0.803 31 17 13 61 
 

Instituted or upgraded apprenticeship 

programmes 1.56 0.807 39 10 12 61 
 

Offered internships 1.49 0.722 39 14 8 61  
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Collaborated with private training 

establishments (PTEs) 1.44 0.592 37 21 3 61 
 

Established stronger links with 

universities, institutes of technology or 

polytechnics 1.41 0.588 39 19 3 61 

 

Table 5.25: Response to Skill Shortages 

 

5.2.9: Workforce Management in I4.0 

Participants were asked how they planned to manage their plant’s workforce (across two occupation 

types – operations workers and technical specialists and professional engineers) because of adopting 

I4.0 advanced technologies. As shown by their responses ranked by mean values in table 5.26, NZ 

manufacturers largely intend to have both operations workers and technical specialists and 

professional engineers continue to learn on the job. Thereafter, different strategies are preferred 

for each occupational group. Manufacturers in the survey rank providing in-house training for 

operations workers above offering competitive remuneration, bringing in new hires with necessary 

skills, and sending workers on external training courses. For technical specialists and professional 

engineers on the other hand, manufacturers rank offering competitive remuneration above bringing 

in new hires, enrolling workers in external training courses, and providing in-house training. The 

final three strategies – using technology so older workers can hold on to their jobs, partnering with 

industry training organisations, and replacing workers who leave with digital technologies -  are the 

same for both employee groups. Figure 5.7 displays the strategies in a contrasting clustered bar.  

Operations Workers Mean S.D. 

F
r
e
q

u
e
n

c
ie

s
 

Very 

unlikely Unlikely Undecided Likely 

Very 

likely Total 

 
Learning on the job 4.55 0.832 2 0 1 17 40 60  

Providing in-house training 

programmes 4.13 0.999 3 1 5 27 24 60 
 

Making sure remuneration 

packages are competitive 4.08 0.743 1 0 8 35 16 60 
 

Hiring new employees who 

have the necessary skills 3.69 1.125 2 10 9 25 16 62 
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Enrolling employees in 

external courses 3.50 1.142 4 7 16 21 12 60 
 

Using technology to assist 

older employees to remain 

longer in jobs 3.39 1.187 5 8 18 18 12 61 

 

Partnering with industry 

training organisations (ITOs) 2.93 1.276 8 18 14 12 9 61 
 

Replacing employees who 

leave with digital technologies 2.67 1.174 12 14 20 10 4 60 
 

Technical Specialists and 

Professional Engineers     

 

 
Learning on the job 4.22 1.031 1 4 6 15 29 55  

Making sure remuneration 

packages are competitive 4.09 0.793 1 1 6 32 16 56 
 

Hiring new employees who 

have the necessary skills 3.96 0.999 1 5 7 24 18 55 
 

Enrolling employees in 

external courses 3.80 1.026 1 6 11 22 15 55 
 

Providing in-house training 

programmes 3.47 1.215 6 5 11 23 10 55 
 

Using technology to assist 

older employees to remain 

longer in jobs 3.11 1.056 4 10 24 12 6 56 

 

Partnering with industry 

training organisations (ITOs) 2.93 1.189 6 17 14 13 6 56 
 

Replacing employees who 

leave with digital technologies 2.57 1.076 10 17 18 9 2 56 
 

Table 5.26: Actions to manage workforce 
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Figure 5.7: Managing I4.0 Workforce 

 

Results of a Mann-Whitney U test to assess the significance of the different responses to this 

question by low and high adopters are presented below in table 5.27. There was a higher ranking 

given to the provision of in-house training to operations workers by high adopters (Mr = 36.05, n 

= 32) than by low adopters (Mr= 24.16, n = 28), U = 270.5, z = -2.862, p = .004, with a medium 

effect size, r = 0.4. This pattern was repeated for technical specialists and professional engineers 

where the option of offering in-house training programmes and competitive remuneration packages 

were more highly ranked by high adopters compared to low adopters.  

Workforce Management Strategies N 

Mean 

Rank 

Mann-

Whitney U Z P r 

OpWkrs: Providing in-house 

training programmes 

High Adopters 32 36.05 270.5 -2.862 .004 0.4 

Low Adopters 28 24.16 
    

Total 60 
     

TSPE: 
  

Providing in-house training 

programmes 

High Adopters 30 32.22 248.5 -2.24 .025 0.3 

Low Adopters 25 22.94 
    

Total 55 
     

Making sure your remuneration 

packages are competitive 

High Adopters 30 32.03 284 -1.96 .050 0.3 

Low Adopters 26 24.42 
    

Total 56 
     

*OpWkrs: Operations Workers, TSPE: Technical Specialists and Professional Engineers 

Table 5.27: Mann-Whitney U Test of Workforce Management Strategies 

0 1 2 3 4 5

Learning on the job

Providing in-house training

Offering competitive remuneration…

Hiring new employees with the…

Enrolling employees in external courses

Using technology to assist older…

Partnering with industry training…

Replacing employees who leave with…

Technical Specialists & Professional
Engineers

Operations Workers
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5.2.10: Human Resources (HR) Practices 

Respondents also had to indicate their extent of use of 14 human resources practices within their 

plants since implementing I4.0 technologies. The results for both employee groups ranked by mean 

values are presented in table 5.28 below; figure 5.8 provides a visual comparison. The top two HR 

practices for operations workers and technical specialists and professional engineers are the same 

– employment security (�̅� = 5.50; 5.16) and team-briefing exercises (�̅� = 5.40; 4.90). 

Subsequently, the preferred HR practices for both groups diverge. For example, New Zealand 

manufacturers rank job rotation as more often used for operations workers (�̅� = 4.53) than for 

technical specialists (�̅� = 3.39). It appears respondents are unenthused about team-building 

exercises, profit sharing based on plant performance and team-based performance pay for both 

occupational groups. 



 

 

Table 5.28: HR Practices by Occupation Type 

A good level of employment security 5.50 1.526 3 0 1 7 13 15 17 56

Team briefing 5.40 1.223 1 0 3 5 21 16 11 57

Plant-wide meetings between management and the workforce 4.79 1.750 3 4 3 16 11 6 14 57

Employee involvement in problem-solving groups 4.65 1.541 3 2 5 16 14 10 7 57

Extensive screening of new hires 4.54 2.036 8 3 3 12 11 5 14 56

Job rotation 4.53 1.582 4 4 2 13 23 4 7 57

Broadly designed or flexible job descriptions 4.49 1.583 6 1 4 9 27 5 5 57

Individual performance appraisals 4.18 1.853 8 4 5 14 11 9 6 57

A consultative committee to discuss plant or workforce issues 3.81 1.977 13 3 5 15 9 6 6 57

Individual performance pay 3.79 2.059 14 4 3 15 8 6 7 57

Self-managing teams 3.75 1.661 11 1 7 17 17 1 3 57

Team-building exercises 3.37 1.577 9 9 12 11 12 3 1 57

Profit sharing based on plant performance 2.45 2.199 34 5 3 2 2 4 6 56

Team-based performance pay 2.00 1.716 37 4 6 3 1 3 2 56

A good level of employment security 5.16 1.974 7 0 1 6 8 14 15 51

Team briefing 4.90 1.781 5 2 2 5 16 12 9 51

Employee involvement in problem-solving groups 4.67 1.796 8 0 0 8 16 15 4 51

Extensive screening of new hires 4.65 2.057 8 2 2 9 11 7 13 52

Plant-wide meetings between management and the workforce 4.42 1.984 7 4 3 11 10 7 10 52

Individual performance appraisals 4.26 2.008 9 1 6 9 10 7 8 50

Broadly designed or flexible job descriptions 3.94 1.714 9 1 5 15 14 4 3 51

Self-managing teams 3.75 1.888 13 2 4 7 21 2 3 52

Individual performance pay 3.67 2.112 15 3 4 9 9 7 5 52

A consultative committee to discuss plant or workforce issues 3.48 1.955 14 3 8 11 7 5 4 52

Job rotation 3.39 1.698 11 6 7 11 12 3 1 51

Team-building exercises 2.96 1.523 13 6 14 8 8 2 0 51

Profit sharing based on plant performance 2.48 2.236 32 4 2 2 3 3 6 52

Team-based performance pay 1.60 1.317 40 3 4 3 0 1 1 52

Very 

rarely
Never

Operations Workers Mean S.D.

F
r
e
q

u
e
n

c
ie

s

Technical Specialists and Professional Engineers

TotalAlways
Very 

frequently
FrequentlyOccasionallyRarely



 
 

 

Figure 5.8: Comparison of HR Practices 

 

A Mann-Whitney U test was conducted to compare and analyse the differences in the response given 

by high and low adopters to the use of these HR practices for both occupational types. The results 

of significant differences are presented in table 5.29 below and show higher reported scores for 

seven HR practices by NZ manufacturers that are high adopters of digitalisation. For example, there 

is a higher score for team briefing for technical specialists and professional engineers by high 

adopters (Mr = 31.38, n = 28) than by low adopters (Mr = 19.46, n = 23), U = 171.5,  z= -2.93, 

p = .003, and a medium effect size, r = .4. In fact, the ratings of high adopters for this occupation 

group across six other HR practices (team-building exercises, involvement in problem-solving 

groups, self-managing teams, plant-wide meetings between management and the workforce, profit 
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sharing based on plant performance, and the extensive screening of new hires) are greater than 

those provided by low adopters. A similar pattern occurs in the reported scores for four HR practices 

for operations workers between high and low adopters. As an example, the practice of having 

employees involved in problem-solving groups for operations workers is rated higher by high 

adopters (Mr = 33.23, n = 31) than by low users of digitalisation (Mr = 23.96, n = 26), U = 272, z 

= -2.15, p = .032, with a medium effect size r = .3. The scores given for team-building exercises, 

plant-wide meetings, and profit sharing based on the performance of the plant by high adopters are 

greater than those reported by low adopters. 

HR Practices: OpWkrs 

 

N 

Mean 

Rank 

Mann-

Whitney U Z p r 

Team-building exercises 

High Adopters 31 33.19 273 -2.12 .034 0.3 

Low Adopters 26 24.00 

    
Total 57 

     
Employee involvement in 

problem-solving groups 

High Adopters 31 33.23 272 -2.15 .032 0.3 

Low Adopters 26 23.96 

    
Total 57 

     
Plant-wide meetings 

between management and 

the workforce 

High Adopters 31 33.23 272 -2.15 .032 0.3 

Low Adopters 26 23.96 

    
Total 57 

     
Profit sharing based on plant 

performance 

High Adopters 30 33.23 248 0.008 .008 0.0 

Low Adopters 26 23.04 

    
Total 56 

     
HR Practices: TSPE 

       

Team briefing 

High Adopters 28 31.38 171.5 -2.93 .003 0.4 

Low Adopters 23 19.46 

    
Total 51 

     

Team-building exercises 

High Adopters 28 30.63 192.5 -2.51 .012 0.4 

Low Adopters 23 20.37 

    
Total 51 
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Employee involvement in 

problem-solving groups 

High Adopters 28 31.27 174.5 -2.89 .004 0.4 

Low Adopters 23 19.59 

    
Total 51 

     

Self-managing teams 

High Adopters 28 32.36 172 -3.15 .002 0.4 

Low Adopters 24 19.67 

    
Total 52 

     
Plant-wide meetings 

between management and 

the workforce 

High Adopters 28 30.95 211.5 -2.32 .020 0.3 

Low Adopters 24 21.31 

    
Total 52 

     
Profit sharing based on plant 

performance 

High Adopters 28 30.38 227.5 -2.28 .023 0.3 

Low Adopters 24 21.98 

    
Total 52 

     
Extensive screening of new 

hires 

High Adopters 28 30.50 224 -2.09 .036 0.3 

Low Adopters 24 21.83 

    
Total 52 

     
Table 5.29: Significance Test of Responses to Use of HR Practices 

 

 

5.2.11: Involvement in Decision-making 

I asked respondents to indicate how often their non-managerial workers were involved in decision-

making processes pertaining to their own jobs within the manufacturing plant. Five decision areas 

were presented, and participants had to specify the level of employee involvement for both worker 

groups. As can be seen in table 5.30 and figure 5.9, operations workers and technical specialists 

and professional engineers appear to have a similar level of involvement in decision-making, with 

both exercising greatest control over the quality of their work (�̄� = 5.42; 4.94) and least control 

over work scheduling and rosters (�̄�= 4.35; 4.04). However, operations workers seem to be allowed 

more of a say across these decision-making processes than technical specialists and professional 

engineers. The one exception is on the adoption of new technologies where technical specialists and 
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professional engineers with a mean of 4.81 have slightly more input than operations workers (�̄� = 

4.47). 

 

Table 5.30: Involvement in Decision-making by Occupation Type 

 

 

Figure 5.9: Involvement in Decision-making Processes 

 

A comparison of the reported scores for involvement in decision-making across the two employee 

groups by low and high adopters of digitalisation revealed significant differences only for technical 

specialists and professional engineers. The result of the Mann-Whitney U test for significance is 

displayed in table 5.31. The processes of having this employee type involved in decisions on new 

Quality of work 5.42 1.414 3 0 1 5 16 21 11 57

Methods of work 5.11 1.263 2 1 0 9 26 12 7 57

Pace of work 4.61 1.59 5 1 6 7 23 10 5 57

Adoption of new technologies 4.47 1.441 2 2 10 14 16 8 5 57

Work schedules or rosters 4.35 1.847 7 5 3 10 17 8 7 57

Quality of work 4.94 1.827 7 0 1 4 16 15 8 51

Methods of work 4.87 1.572 4 2 1 6 22 11 6 52

Adoption of new technologies 4.81 1.657 5 0 5 6 15 16 5 52

Pace of work 4.18 1.646 6 3 6 9 16 10 1 51

Work schedules or rosters 4.04 1.909 10 3 3 11 13 8 4 52

OpWkrs

TSPE

S.D.Mean
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technology adoption and the pace and quality of work was ranked higher by high adopters than low 

adopters.  

Involvement in Decision-making: TSPE N 

Mean 

Rank 

Mann-

Whitney U Z p r 

Adoption of new technologies 

High Adopters 28 32.5 168 -3.176 .001 0.4 

Low Adopters 24 19.5 

    
Total 52 

     

Pace of work 

High Adopters 28 30.43 198 -2.404 .016 0.3 

Low Adopters 23 20.61 

    
Total 51 

     

Quality of work 

High Adopters 27 31.26 182 -2.768 .006 0.4 

Low Adopters 24 20.08 

    
Total 51 

     
Table 5.31: Mann-Whitney U Test of Responses to Decision-making Processes 

 

 

5.2.12: Extent of Training Provided 

Respondents were presented with a list of nine specific skill areas and were then asked to indicate 

the extent of training in each that had been provided to employees. As displayed in table 5.32, 

coaching in safety skills was the training most often provided to both operations workers (�̄� = 3.66) 

and technical specialists and professional engineers (�̄� = 3.52), which is not surprising in a 

manufacturing environment. The greatest difference in the degree of training that was offered is in 

basic digital skills with operations workers showing a mean of 2.15 and technical specialists at 1.67, 

while the least variance is in interpersonal skills (�̄� = 2.44; 2.39). It appears operations workers 

received more training across the stated skill areas, except in advanced digital skills coaching (�̄� = 

1.68; 1.96). Figure 5.10 provides a graphical representation of the skill areas in comparison across 

the two occupation groups. Statistical tests evaluating the differences in scores reported by low and 

high adopters did not reveal any significant differences. 
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OpWkrs: Mean S.D. 

F
r
e
q

u
e
n

c
ie

s
 

Not 

at all 

To a 

small 

extent 

To a 

moderate 

extent 

To a 

great 

extent 

To a very 

great 

extent Total 

 

 
Safety skills 3.66 1.07 3 6 13 27 13 62  

Teamwork 2.98 1.133 8 11 20 18 4 61  

Quality assurance skills 2.95 1.016 7 8 29 13 3 60  

Technical skills 2.75 1.120 11 11 24 12 3 61  

Interpersonal skills 2.44 0.922 10 22 21 8 0 61  

Basic digital skills 2.15 1.030 21 15 22 1 2 61  

Literacy skills 1.75 1.090 36 10 12 0 3 61  

Numeracy skills 1.72 1.002 35 12 12 0 2 61  

Advanced digital skills 1.68 0.873 34 12 13 1 0 60  

TSPE:      

Safety skills 3.52 1.193 5 5 12 21 11 54  

Quality assurance skills 2.89 1.223 11 7 16 17 3 54  

Teamwork 2.80 1.172 10 11 15 16 2 54  

Technical skills 2.57 1.175 12 14 16 9 3 54  

Interpersonal skills 2.39 0.998 12 17 17 8 0 54  

Advanced digital skills 1.96 1.036 25 11 16 2 1 55  

Basic digital skills 1.67 0.862 31 12 11 1 0 55  

Literacy skills 1.38 0.757 42 6 6 1 0 55  

Numeracy skills 1.38 0.757 42 6 6 1 0 55  

Table 5.32: Means, Std. Deviations, and Frequencies for Extent of Training 
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Figure 5.10: Extent of Training 

 

 

5.2.13: New or Special I4.0 Training 

Finally, I asked participants if their employees had received any new or special training on the 

implementation of I4.0 manufacturing technologies. This was to check whether workers (the social 

component of the system) had been readied for the introduction of new technology. As can be seen 

in table 5.33 below, respondents reported mid-range scores, on average, on this question for the 

two occupation groups. The graphical representation of this information in figure 5.11 shows most 

employees in both groups fall within the left half of the chart. Differences in response to this question 

by low and high adopters were significant only for technical specialists and professional engineers. 

The Mann-Whitney U test revealed that high adopters (Mr = 38.23, n = 31) reported higher scores 

in providing new or special training than did low adopters (Mr = 20.89, n = 28), U = 179, z = -

3.98, p<.000, with a large effect size, r = 0.5. 
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New/Special 

Training Mean S.D. 

F
re

q
u
e
n
c
ie

s
 

None 

A 

little 

A moderate 

amount 

A 

lot 

A great 

deal Total 
 

TSPE 2.69 1.24 11 18 13 12 5 59 
 

OpWkrs 2.55 1.03 8 7 18 4 1 38 
 

Table 5.33: Means, Std. deviations, and Frequencies for New or Special Training 

 

 

Figure 5.11: New or Special I4.0 Training 

 

 

5.2.14: Test of Hypotheses 

The regression results in Table 5.34 provide full and partial support for the first five hypotheses 

postulated in chapter three. The associations between the use of I4.0 manufacturing technologies 

and the use (importance) of technological skills (H1) (β = 0.467; 95% CI: 0.085, 0.216), incidence 

of skills shortages (H2) (β = 0.358; 95% CI: 0.009, 0.038), and the availability of training 

opportunities (H3) (β = 0.468; 95% CI: 0.068, 0.196) are all positive. However, hypotheses 4 and 
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5 only hold true for technical specialists and professional engineers [(β = 0.367; 95% CI: 0.023, 

0.143); (β = 0.329; 95% CI: 0.032, 0.313)]. The results do not support any significant relationship 

between the use of I4.0 technologies and the index of HR practices for operations workers (H4a) 

or the involvement of this group in decision-making processes (H5ia). The confidence interval for 

both relationships includes zero. 

Column1 Independent Variables SC β p 95% CI 

Use of I4.0 

Manufacturing 

technologies 

Importance (use) of technological skills 0.467 0.000 0.085, 0.216 

 Current skills shortage 0.358 0.002 0.009, 0.038 

 Extent of training 0.468 0.000 0.068, 0.196 

 Index of HR practices: Operations workers 0.245 0.066 -0.005, 0.147 

 

Index of HR practices: Technical specialists & 

Professional engineers 
0.367 0.007 0.023, 0.143 

 

Involvement in decision-making: Operations 

workers 
0.176 0.191 -0.060, 0.296 

 

Involvement in decision-making: Technical 

specialists & Professional engineers 
0.329 0.017 0.032, 0.313 

 

*SC - Standardised Coefficients; CI - Confidence Intervals 

   

 

 

   
Table 5.34: Results of Hypotheses Tests 

 

 

5.3: Survey II (Manufacturing Employees) 

As discussed in the preceding chapter, respondents for the online international survey of 

manufacturing workers were sourced from Prolific - an academic, research-oriented crowdsourcing 

platform. This survey had 179 participants and their demo graphic information is presented in table 

5.35.  
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  Mean age 36.9 years   Manufacturing Subsector Percentage   

      Chemical and chemical products 1.4   

  Gender Percentage  Electronics and electrical equipment 23.1   

  Female 34.7  Food and beverage 0.7   

  Male 65.3  Furniture and fixtures 0.7   

      

Gas, petroleum refining, coke, and 

allied products 4.1   

  Highest Qualification Percentage  Industrial and commercial machinery 12.2   

  No qualification 2.7  Leather and related products 0.7   

  

High (secondary) school 

diploma 30.6  

Measuring, analysing, and controlling 

instruments 3.4   

  

Technical qualification or 

apprenticeship 25.2  Metal and metal products 12.2   

  University degree 41.5  Non-metallic mineral products 1.4   

      Paper and paper products 4.1   

  Country of work Percent  

Pharmaceutical products and 

preparations 4.8   

  Australia 7.5  Plastics and rubber 6.1   

  Belgium 0.7  Textiles and apparel 1.4   

  Canada 4.1  Transport equipment 6.1   

  Germany 2.7  Wood, cork, and lumber 0.7   

  Ireland 0.7  Other manufacturing 16.3   

  Italy 1.4  

Glass, stone, clay, and concrete 

products 0.7   

  Japan 0.7       

  Netherlands 0.7       

  Poland 4.1  

Length of time with current 

employer 7.43 years   

  Portugal 4.1       

  Mexico 2.7       

  Spain 2  Full-time Employees in Plant Percentage   

  United Kingdom 43.5  01 - 49 16.3   

  United States 23.1  50 - 249 43.5   

  Other 2  250 - 499 16.3   

      500 - 999 12.2   

      1000 - 4999 8.8   

  Hours of Work per Week 41.1  5000 and above 2.7   

           

      Employee Groups Number   

      Operations Workers 70   

      

Technical Specs. & Professional 

Engrs. 77   

  Unionism at Workplace Percentage       

  No 47.6  Age of Plant in Years Percentage   

  Yes 31.3  1 - 10 12.2   

  Unsure 21.1  11 - 20 19.7   

      21 - 30 24.5   

  Member of Trade Union Percentage  31 - 40 15.0   

  No 84.4  41 - 50  8.8   

  Yes 15.6   51 and above 19.7   

              

Table 5.35: Demographic Representation of Survey II Sample 
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The mean age of the respondents is 36.9 years (SD = 10.32), and there were more males than 

females. Most of the participant pool possessed some form of educational qualification, with the 

highest proportion being university degree holders at 41.5%. Just 2.7% reported having no 

qualifications. There was some spread in the geographical location of participants, though most 

were concentrated in western Europe, north America, and Australia. 43.5% of the respondents were 

in the United Kingdom, 23.1% in the United States, 7.5% in Australia, and 4.1% in Canada. Only 

0.7% of participants were in each of the Netherlands, Japan, Ireland, and Belgium. The average 

length of time with the current employer was 7.43 years (SD = 6.122) and the mean score for hours 

of work per week was 41.1 (SD = 6.73). 47.6% of respondents said there was no trade union at 

their workplace, 31.3% revealed there was some unionism, while 21.1% were not sure. In terms of 

trade union membership, 15.6% said they were members, but 84.4% indicated they did not belong 

to a union. Most respondents reported that their workplace had between one and 500 fulltime 

employees. 43.5% indicated their manufacturing plant employed between 50 to 249 staff members, 

while 2.7% said their workplaces had employee numbers from 5000 and above. 24.5% of 

participants in the study reported the age of the plant they work in as being between 21 to 30 years, 

19.7% indicated the plant was 11 to 20 years old, 15% said 31 to 40 years, while 8.8% said theirs 

was 41 to 50 years old. The manufacturing subsectors in which the study’s respondents worked 

were mainly the electronics and electrical equipment subsector at 23.1%, other manufacturing at 

16.3%, metal and metal products at 12.2%, and industrial and commercial machinery at 12.2%. 

 

5.3.1: Descriptive Statistics 

The means, standard deviations, and correlations between the variables examined in the study are 

presented below in table 5.36. To ease analyses, indices of the use of manufacturing technologies, 

job satisfaction, psychological health, skill utilisation, work intensity, human resources practices, 

and involvement in decision-making were created for each respondent. As can be seen from the 

table, the use of manufacturing technologies has significant but weak correlations with skill 

utilisation (r = 0.28) and involvement in decision-making (r = 0.31), a strong relationship with 

new/special training (r = 0.61), and a moderate one with human resources practices (r = 0.44). In 

addition, job satisfaction has a negative and weak association with work intensity (r = -0.27), 
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positive and weak associations with physical health (r = 0.22), new/special training (r = 0.28), and 

human resources practices (r = 0.33). It is moderately correlated with psychological health (r = 

0.44) and involvement in decision-making (r = 0.44), while strongly related with skill utilisation (r 

= 0.62). There were also weak correlations between physical and psychological health (r = 0.36), 

physical health and work intensity (r= -0.25), psychological health and skill utilisation (r = 0.32), 

psychological health and involvement in decision-making (r = 0.23), and human resources practices 

and involvement in decision-making (r = 0.32). Finally, we can see moderate relationships between 

psychological health and work intensity (r = -0.47), skill utilisation and new/special training (r = 

0.47), skill utilisation and human resources practices (r = 0.44), skill utilisation and involvement in 

decision-making (r = 0.46), new/special training and human resources practices (r = 0.57), and 

new/special training and involvement in decision-making (r = 0.43). 

 

 



 

 

Table 5.36: Means, standard deviations, and correlations between variables 

 

 

  

* Variables Mean S.D. 1 2 3 4 5 6 7 8 9 

1 Manufacturing Technologies Used  3.52 2.79          

2 Job Satisfaction 2.53 1.38 0.09         

3 Physical Health 5.60 1.06 0.01 0.22**        

4 Psychological Health 19.78 5.17 0.03 0.44** 0.36**       

5 Skill Utilisation 19.57 5.55 0.28** 0.62** 0.08 0.32**      

6 New/Special Training 2.20 1.06 0.61** 0.28** -0.01 0.08 0.47**     

7 Work Intensity 11.58 3.99 -0.01 -0.27** -0.25** -0.47** -0.19* 0.01    

8 Human Resources Practices 5.90 2.96 0.44** 0.33** 0.05 0.15 0.44** 0.57** -0.03   

9 Involvement in Decision-making 20.10 6.45 0.31** 0.44** 0.16* 0.23** 0.46** 0.43** -0.15 0.32** n.a 

 

*p < 0.05, **p < 0.01 
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5.3.2: I4.0 Manufacturing Technologies in Use 

Study participants were asked to indicate if they had worked with any of the 12 I4.0 manufacturing 

technologies in their jobs. Based on the advice of manufacturing and robotics experts from the 

engineering faculty of the University of Auckland, the original 15 technologies were reduced to 12. 

Table 5.37 displays their responses and ranks the technologies by mean values.  

I4.0 Technologies No Yes N Mean S.D. 

Cloud Computing 74 73 147 1.50 0.502 

Internet of Things 81 66 147 1.45 0.499 

Cybersecurity 85 62 147 1.42 0.496 

Predictive maintenance 97 50 147 1.34 0.475 

Big Data 101 46 147 1.31 0.465 

Simulation 103 44 147 1.30 0.460 

Connected Sensors 105 42 147 1.29 0.453 

Artificial Intelligence 104 43 147 1.29 0.456 

Data-enabled resource optimisation 112 35 147 1.24 0.427 

Advanced Robotics 121 26 147 1.18 0.383 

Vertical and horizontal system integration 127 20 147 1.14 0.344 

Digital twin of production process 137 10 147 1.07 0.253 

Table 5.37: I4.0 Manufacturing Technologies in Use 

 

 

The ranking changes slightly when the responses are split according to occupation type. As shown 

in table 5.38. 

 

  Operations Workers (N=70) 

I4.0 Technologies Mean S.D. 

1 Cloud Computing 1.43 0.498 

2 Internet of Things 1.40 0.493 

3 Cybersecurity 1.34 0.478 

4 Predictive maintenance 1.30 0.462 
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5 Connected Sensors 1.27 0.448 

6 Big Data 1.26 0.440 

7 Artificial Intelligence 1.26 0.440 

8 Simulation 1.23 0.423 

9 Data-enabled resource optimisation 1.21 0.413 

10 Advanced Robotics 1.14 0.352 

11 Vertical and horizontal system integration 1.13 0.337 

12 Digital twin of production process 1.06 0.234 

  
  

  

  Technical Specialists and Professional Engrs (N=77) 

I4.0 Technologies Mean S.D. 

1 Cloud Computing 1.56 0.500 

2 Internet of Things 1.49 0.503 

3 Cybersecurity 1.49 0.503 

4 Predictive maintenance 1.38 0.488 

5 Big Data 1.36 0.484 

6 Simulation 1.36 0.484 

7 Artificial Intelligence 1.32 0.471 

8 Connected Sensors 1.30 0.461 

9 Data-enabled resource optimisation 1.26 0.441 

10 Advanced Robotics 1.21 0.408 

11 Vertical and horizontal system integration 1.14 0.352 

12 Digital twin of production process 1.08 0.270 

Table 5.38: Breakdown of I4.0 technologies used by Occupation Type 

 

 

However, as presented in table 5.39 below, a Mann-Whitney test did not uncover significant 

differences in the reported scores of the two occupation groups on the use of I4.0 technologies. 
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I4.0 Technologies 

OpWkrs: 

Mean 

Rank 

TSPE: 

Mean 

Rank 

Mann-

Whitney U Z P r 

Cloud Computing 69.00 78.55 2345 -1.567 .117 0.1 

Internet of Things 70.40 77.27 2443 -1.134 .257 0.1 

Cybersecurity 68.20 79.27 2289 -1.841 .066 0.2 

Predictive maintenance 71.05 76.68 2488.5 -0.976 .329 0.1 

Big Data 69.90 77.73 2408 -1.386 .166 0.1 

Simulation 68.80 78.73 2331 -1.78 .075 0.1 

Connected Sensors 72.95 74.95 2621.5 -0.364 .716 0.0 

Artificial Intelligence 71.40 76.36 2513 -0.896 .370 0.1 

Data-enabled resource optimisation 72.25 75.59 2572.5 -0.644 .520 0.1 

Advanced Robotics 71.50 76.27 2520 -1.027 .304 0.1 

Vertical and horizontal system 

integration 

73.45 74.50 2656.5 -0.251 .801 0.0 

Digital twin of production process 73.20 74.73 2639 -0.498 .618 0.0 

* OpWkrs: Operations Workers, TSPE: Technical Specialists and Professional Engineers 

Table 5.39: Mann-Whitney U Test of Significance for I4.0 technologies by Occupation Type 

 

 

5.3.3: Degree of Digitalisation 

The survey also asked employees to assess the extent of digitalisation within the manufacturing 

plant where they worked. As shown in figure 5.12, the largest group of respondents (42%) indicated 

that digitalisation was used for stand-alone processes within their factories. The next largest group, 

at 31%, revealed there was a lot of digitalisation occurring at work, while only 4% described their 

manufacturing workplace as completely digitalised. Conversely, a slighter larger proportion of 

employees (7%) say their plants are not digitalised, and 16% experience very little digitalisation at 

work. Table 5.40 shows the results of a chi-squared test of independence which revealed that 

greater levels of digitalisation in the workplace were reported by technical specialists and 

professional engineers than by operations workers. This difference was significant as corroborated 

by the results of a Mann-Whitney U test shown in table 5.41. The degree of workplace digitalisation 
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reported by technical specialists and professional engineers (Mr = 82.28, n = 77) was significantly 

higher than that reported by operations workers (Mr = 64.94, n = 70), U = 2060.5, z = -2.606, p 

= .009, and a small effect size, r = 0.2.   

 

Figure 5.12: Degree of Digitalisation 

 

 
Degree of Digitalisation OpWkrs TSPE Total X2 df P 

 
Not digitalised 7 3 10 12.473 4 .014* 

 
Very little digitalisation 11 13 24 

 

 
Some digitalisation for stand-alone processes 37 25 62 

 
A lot of digitalisation 13 32 45 

 
Completely digitalised 2 4 6 

 
  147 

        *p<0.05; OpWkrs: Operations Workers, TSPE: Technical Specialists and Professional Engineers 

 
Table 5.40: Crosstab of response by Occupation Type 
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Degree of 

Digitalisation 

Employee Group Mean Rank Mann-Whitney U Z P r 

TSPE 82.24 2060.5 -2.606 .009 0.2 

OpWkrs 64.94         

Table 5.41: Mann-Whitney U Test of Significance  

 

5.3.4: Employee Job Satisfaction 

Table 5.42 displays the responses (ranked by mean values) to the three-item measure of job 

satisfaction. Participants indicated their extent of agreement with each item, and the results show 

most operations workers and technical specialists/professional engineers are satisfied with their 

workplaces (�̄�= 5.10; 5.35) and jobs (�̄�  = 5.03; 5.21). When examined by trade union membership, 

members and non-union members report being satisfied with their workplaces (�̄�= 5.65; 5.15) and 

with their jobs (�̄�= 5.52; 5.05). The test of significance, as shown in table 5.43, reveals that the 

differences in response by the two occupation types and by trade union membership are not 

significant. Figure 5.13 is a breakdown of responses according to the two occupation groups – 

operations workers and technical specialists/professional engineers.  

Statement: 

OpWkrs TSPE Total 

Mean S.D. Mean S.D. Mean S.D. 

a. In general, I like working here 5.10 1.426 5.35 1.449 5.23 1.439 

b. All in all, I am satisfied with my job 5.03 1.318 5.21 1.408 5.12 1.364 

c. In general, I do not like my job 2.80 1.528 2.74 1.617 2.77 1.571 

 

Statement: 

Trade Union 

Member 

Not a Union 

Member Total 

Mean S.D. Mean S.D. Mean S.D. 

a. In general, I like working here 5.65 0.885 5.15 1.509 5.23 1.439 

b. All in all, I am satisfied with my job 5.52 0.730 5.05 1.442 5.12 1.364 

c. In general, I do not like my job 2.35 0.935 2.85 1.653 2.77 1.571 

Table 5.42: Satisfaction with Job by Occupation Type and Trade Union Membership 
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OpWkrs: 

Mean Rank 

TSPE: Mean 

Rank 

Mann-

Whitney U Z p r 

a. In general, I like working 

here 

69.06 78.49 2349.5 -1.403 .161 0.1 

b. All in all, I am satisfied with 

my job 

69.44 78.14 2376 -1.292 .196 0.1 

c. In general, I do not like my 

job 

76.01 72.17 2554 -0.571 .568 0.0 

 

Not a 

member: 

Mean Rank 

Trade Union 

member: 

Mean Rank 

Mann-

Whitney U Z p r 

a. In general, I like working 

here 

72.47 82.26 1236 -1.06 .289 0.1 

b. All in all, I am satisfied with 

my job 

72.25 83.46 1208.5 -1.21 .226 0.1 

c. In general, I do not like my 

job 

75.04 68.39 1297 -0.72 .473 0.1 

Table 5.43: Mann-Whitney U Test of Significance for Satisfaction with Job 
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Figure 5.13: Measure of Job Satisfaction by Occupation Type 

 

5.3.5: Skill Utilisation 

In response to the question on skill use and development at work, respondents indicate the extent 

to which they are free to apply their current skills and abilities in carrying out their tasks (�̄� = 3.51; 

3.38). They, however, have less opportunity to develop new knowledge, skills, and talents on the 

job (�̄� = 2.99;3.08). The ranked results are shown in table 5.44, and in table 5.45 we can see that 

none of the differences between the occupation types and trade union membership status proved 

significant. Figure 5.14 juxtaposes the two occupation groups’ responses to statements a, e, and f. 

Statement - My job gives me the opportunity to:  

OpWkrs TSPE Total 

Mea

n S.D. Mean S.D. Mean S.D. 

a. Apply skills, knowledge, and abilities in a way 

I think is best 3.51 0.959 3.38 1.113 3.44 1.041 

b. Use skills and abilities others regard as 

valuable 3.34 1.075 3.47 1.107 3.41 1.090 
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c. Use a variety of skills, talents, and abilities each 

day 3.23 1.038 3.36 1.075 3.30 1.056 

d. Regular use of all my skills, talents, and abilities 3.19 1.081 3.22 1.071 3.20 1.072 

e. Improve on skills and abilities I possess 3.09 1.060 3.27 1.210 3.18 1.141 

f. Develop new knowledge and learn new skills 2.99 1.014 3.08 1.133 3.03 1.075 

Statement - My job gives me the opportunity 

to:  

Trade Union 

Member 

Not a Union 

Member Total 

Mean S.D. Mean S.D. Mean S.D. 

a. Apply skills, knowledge, and abilities in a way I 

think is best 3.61 0.839 3.41 1.075 3.44 1.041 

b. Use skills and abilities others regard as valuable 3.65 0.885 3.36 1.121 3.41 1.090 

c. Use a variety of skills, talents, and abilities each 

day 3.43 0.945 3.27 1.077 3.30 1.056 

d. Regularly use of all my skills, talents, and 

abilities 3.48 0.730 3.15 1.119 3.20 1.072 

e. Improve on skills and abilities I possess 3.57 0.992 3.11 1.156 3.18 1.141 

f. Develop new knowledge and learn new skills 3.35 1.112 2.98 1.063 3.03 1.075 

Table 5.44: Skill Utilisation by Occupation Type and Trade Union Membership 

 

 

 

 

 

OpWkrs: 

Mean Rank 

TSPE: Mean 

Rank 

Mann-

Whitney U Z p r 

a. Apply skills, knowledge, and 

abilities in a way I think is best 

76.45 71.77 2523.5 -0.693 .488 0.1 

b. Use skills and abilities others 

regard as valuable 

71.03 76.70 2487 -0.839 .402 0.1 

c. Use a variety of skills, talents, 

and abilities each day 

70.29 77.38 2435 -1.048 .294 0.1 
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d. Regular use of all my skills, 

talents, and abilities 

72.84 75.05 2614 -0.327 .743 0.0 

e. Improve on skills and abilities I 

possess 

69.74 77.88 2396.5 -1.194 .232 0.1 

f. Develop new knowledge and 

learn new skills 

71.34 76.42 2508.5 -0.750 .453 0.1 

 

Not a 

member: 

Mean Rank 

Trade Union 

member: 

Mean Rank 

Mann-

Whitney U Z p r 

a. Apply skills, knowledge, and 

abilities in a way I think is best 

72.96 79.61 1297 -0.717 .474 0.1 

b. Use skills and abilities others 

regard as valuable 

72.35 82.87 1222 -1.131 .258 0.1 

c. Use a variety of skills, talents, 

and abilities each day 

73.2 78.33 1326.5 -0.552 .581 0.0 

d. Regular use of all my skills, 

talents, and abilities 

72.21 83.63 1204.5 -1.231 .219 0.1 

e. Improve on skills and abilities I 

possess 

71.47 87.65 1112 -1.727 .084 0.1 

f. Develop new knowledge and 

learn new skills 

71.82 85.74 1156 -1.493 .135 0.1 

Table 5.45:Test of Significance for Skill Utilisation by Occupation Type and Trade Union Membership 
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Figure 5.14: Breakdown by Occupation Type 

 

5.3.6: Work Intensity 

The results shown in table 5.46 below are on the incidence of work intensity. Study participants 

were presented with a series of three statements to which they were requested to provide answers 

across a 7-point Likert scale (from 1. ‘Strongly disagree’ to 7. ‘strongly agree’). Further analysis of 

the top ranked statement is provided, with both groups showing most respondents face persistent 

pressures at work.  

Statement: 

OpWkrs TSPE Total 

Mean S.D. Mean S.D. Mean S.D. 

a. Under constant pressure at work 4.16 1.656 4.22 1.544 4.19 1.593 

b. Working faster than I would like to complete 

my work 3.93 1.788 3.92 1.528 3.93 1.651 

c. Work piles up faster than I can complete it 3.23 1.534 3.68 1.517 3.46 1.536 

Table 5.46: Comparison of Work Intensity by Occupation Type 
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Figure 5.15: Experience of Intensified Work 

 

I also analysed the responses to this question by using another respondent categorisation – trade 

union membership. As shown in table 5.47, trade union members report higher mean values across 

the three statements. However, neither the grouping by union membership nor that by occupation 

proved to exhibit significant differences in a Mann-Whitney U test of significance. 

Trade Union Member No 

 

Yes 

 
Mean S.D. 

 

Mean S.D. 

a. Under constant pressure at work 4.19 1.635 

 

4.22 1.38 

b. Working faster than I would like to complete my work 3.91 1.692 

 

4.00 1.45 

c. Work piles up faster than I can complete it 3.44 1.558 

 

3.57 1.44 

Table 5.47: Comparison of Work Intensity by Trade Union Membership 

 

Under Constant Pressure at

Work

Working Faster than I would

like to complete my work

Work piles up faster than I

can complete it

Mean 4.19 3.93 3.46
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5.3.7: Involvement in Decision-making 

Respondents reported being most involved in the decision-making processes affecting the quality 

of their work (�̄�  = 4.43; 4.92) and least involved in the adoption of new technologies (�̄�= 2.79; 

3.73). Table 5.48 shows the ranking by mean values of the different processes for the two employee 

groups – with technical specialists and professional engineers reporting higher scores across all five 

processes. Figure 5.16 provides a bar chart of processes a, c, and e. 

  

OpWkrs TSPE Total 

Mean S.D. Mean S.D. Mean S.D. 

a. Quality of Work 4.43 1.893 4.92 1.306 4.69 1.625 

b. Methods of Work 3.91 1.648 4.44 1.323 4.19 1.505 

c. Pace of Work 3.76 1.892 4.49 1.401 4.14 1.688 

d. Work schedule/roster 3.41 2.082 4.14 1.570 3.80 1.861 

e. Adoption of New Technologies 2.79 1.503 3.73 1.561 3.28 1.600 

Table 5.48: Employee Involvement in Decision-making Processes by Occupation Type 
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Figure 5.16: Decision-making Processes by Occupation Type 

 

 

 

A Mann-Whitney U test was conducted to investigate the difference in reported scores and the 

results are presented in table 5.49. The test revealed that scores for four of the decision-making 

areas are lower for operations workers than for technical specialists and professional engineers. For 

instance, the reported values for pace of work for technical specialists and professional engineers 

(Mr = 81.36, n = 77) were higher than that of operations workers (Mr = 65.91, n = 70), U = 2128.5, 

z = -2.250, p = .024, with a small effect size, r = 0.2. The three other decision-making processes 

are adoption of new technologies, methods of work, and work schedule or roster. 
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OpWkrs: 

Mean Rank 

TSPE: Mean 

Rank 

Mann-

Whitney U Z p r 

a. Quality of Work 69.6 78 2387 -1.228 .220 0.1 

b. Methods of work 66 81.27 2135 -2.223 .026 0.2 

c. Pace of Work 65.91 81.36 2128.5 -2.250 .024 0.2 

d. Work schedule or roster 65.99 81.29 2134 -2.225 .026 0.2 

e. Adoption of new technologies 61.11 85.72 1792.5 -3.572 <.000 0.3 

Table 5.49: Mann-Whitney U Test of Significance for Decision-making 

 

Again, I categorised the responses to this question by trade union membership (table 5.50), but 

the differences did not prove to be significant. 

Trade Union Member 

 

Not a Member 

 

Mean S.D. 

  

Mean S.D. 

Quality of Work 4.83 1.193 
 

Quality of Work 4.66 1.696 

Methods of Work 4.48 1.123 
 

Pace of Work 4.19 1.713 

Pace of Work 3.91 1.564 
 

Methods of Work 4.14 1.563 

Work schedule/roster 3.91 1.593 
 

Work schedule/roster 3.77 1.912 

Adoption of New Technologies 3.61 1.033 
 

Adoption of New Technologies 3.22 1.680 

Table 5.50: Employee Involvement in Decision-making Processes by Trade Union Membership 

 

 

5.3.8: Human Resource (HR) Practices 

The survey also asked respondents if, over the last 12 months, they had experienced a series of 

human resource practices in their jobs. Their answers, given over a 2-point scale, are presented in 

table 5.51 below. Team-briefing (�̄�  = 0.84) appears to be the most common practice, followed by 

a good level of job security (�̄�  = 0.68) and plant-wide meetings (�̄�  = 0.62). The least experienced 

practices are related to remuneration, with individual merit pay (�̄�= 0.27), profit sharing based on 
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plant performance (�̄�= 0.23), and team-based pay (�̄�  = 0.16) all lying at the bottom of the list. 

Table 5.52 shows a breakdown of the HR practices by occupation type. The two groups have similar 

rankings for nine of the practices with team-briefing, job security, plant-wide meetings, and 

individual performance appraisal being the most in use. I conducted a significance test of the 

differences, and from the results (table 5.53), the scores for job rotation by operations workers (Mr 

= 85.4, n = 70) is higher than that by technical specialists and professional engineers (Mr = 63.64, 

n = 77), U = 1897, z = -3.667, p = <.000, and with a medium effect size r = .3. On the other hand, 

the reported values for individual merit pay by technical specialists and professional engineers (Mr 

= 80.73, n = 77) is higher than the scores by operations workers (Mr = 66.6, n = 70), U = 2177, 

z = -2.606, p = .009, and a small effect size r = .2. 

Practices Mean S.D. 

Team-briefing 0.84 0.365 

Good Level of job Security 0.68 0.468 

Plant-wide Meetings 0.62 0.487 

Individual Performance Appraisal 0.60 0.492 

Involvement in Problem-solving 0.52 0.501 

Broadly designed / Flexible Jobs 0.41 0.494 

Consultative Committees 0.40 0.492 

Job Rotation 0.39 0.489 

Self-managing Teams 0.39 0.489 

Team-building Exercises 0.38 0.487 

Individual Merit Pay 0.27 0.447 

Profit Sharing based on Plant Performance 0.23 0.423 

Team-based Pay 0.16 0.371 

Table 5.51: Human Resource Practices 
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Practices 

OpWkrs 

(n=70) 

 

Practices 

TSPE (n=77) 

Mean S.D. 
 

Mean S.D. 

Team-briefing 0.80 0.403 
 

Team-briefing 0.88 0.323 

Good level of job security 0.66 0.478 
 

Good level of job security 0.70 0.461 

Plant-wide meetings 0.57 0.498 
 

Plant-wide meetings 0.66 0.476 

Individual performance appraisal 0.57 0.498 
 

Individual performance appraisal 0.62 0.488 

Job rotation 0.54 0.502 
 

Involvement in problem-solving 0.56 0.500 

Involvement in problem-solving 0.47 0.503 
 

Self-managing teams 0.45 0.501 

Broadly designed or flexible jobs 0.39 0.490 
 

Broadly designed or flexible jobs 0.44 0.500 

Consultative committee 0.36 0.483 
 

Consultative committee 0.44 0.500 

Team-building exercises 0.33 0.473 
 

Team-building exercises 0.43 0.498 

Self-managing teams 0.31 0.468 
 

Individual merit pay 0.36 0.484 

Profit sharing based on plant 

performance 

0.20 0.403 
 

Profit sharing based on plant 

performance 

0.26 0.441 

Individual merit pay 0.17 0.380 
 

Job rotation 0.25 0.434 

Team-based pay 0.13 0.337 
 

Team-based pay 0.19 0.399 

Table 5.52: HR Practices by Occupation Type 

 

Practices 

OpWkrs: 

Mean 

Rank 

TSPE: 

Mean 

Rank 

Mann-

Whitney 

U Z p r 

Team-briefing 70.8 76.91 2471 -1.381 .167 0.1 

Good Level of job Security 72.3 75.55 2576 -0.571 .568 0.0 

Plant-wide Meetings 70.5 77.18 2450 -1.130 .259 0.1 

Individual Performance Appraisal 72 75.82 2555 -0.64 .522 0.1 

Involvement in Problem-solving 70.65 77.05 2460.5 -1.051 .293 0.1 

Broadly designed / Flexible Jobs 71.85 75.95 2544.5 -0.684 .494 0.1 

Consultative Committees 70.75 76.95 2467.5 -1.039 .299 0.1 
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Job Rotation 85.4 63.64 1897 -3.667 <.000 0.3 

Self-managing Teams 68.6 78.91 2317 -1.737 .082 0.1 

Team-building Exercises 70.15 77.5 2425.5 -1.243 .214 0.1 

Individual Merit Pay 66.6 80.73 2177 -2.606 .009 0.2 

Profit Sharing based on Plant 

Performance 71.7 76.09 2534 -0.855 .393 0.1 

Team-based Pay 71.45 76.32 2516.5 -1.081 .280 0.1 

Table 5.53: Mann-Whitney U Test of Significance for Occupation Type 

 

Furthermore, as shown below in table 5.54, the responses were recategorized under trade union 

membership and some differences were uncovered. Trade union members reported higher means 

for 12 HR practices than did those who did not belong to a union. Team-based pay was the only 

practice scored lower by union members than by non-members. A Mann-Whitney U test (table 5.55) 

revealed that the differences in response by union and non-union members was significant for two 

HR practices. Participation in consultative committees, for instance had higher scores by trade union 

members (Mr = 98.83, n = 23) than by non-union members (Mr = 69.4, n = 124), U = 855, z = -

3.586, p<.000, with a medium effect size, r = .3. Also, trade union members (Mr = 87.54, n = 23) 

had greater ratings for team-building exercises than did those who were not in a trade union (Mr = 

71.49, n = 124), U = 1114.5, z = -1.975, p = .048, with a small effect of r = .2.  

Trade Union Member (n=23) 

 

Not a member (n=124) 

 
Mean S.D. 

  
Mean S.D. 

Team-briefing 0.96 0.209 
 

Team-briefing 0.82 0.384 

Good level of job security 0.83 0.388 
 

Good level of job security 0.65 0.478 

Plant-wide meetings 0.74 0.449 
 

Plant-wide meetings 0.60 0.493 

Consultative committee 0.74 0.449 
 

Individual performance appraisal 0.58 0.495 

Individual performance appraisal 0.70 0.470 
 

Involvement in problem-solving 0.48 0.502 

Involvement in problem-solving 0.70 0.470 
 

Broadly designed or flexible jobs 0.41 0.494 

Team-building exercises 0.57 0.507 
 

Job rotation 0.39 0.489 
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Broadly designed or flexible jobs 0.43 0.507 
 

Self-managing teams 0.39 0.489 

Job rotation 0.39 0.499 
 

Team-building exercises 0.35 0.478 

Self-managing teams 0.39 0.499 
 

Consultative committee 0.34 0.475 

Individual merit pay 0.35 0.487 
 

Individual merit pay 0.26 0.439 

Profit sharing based on plant 

performance 

0.30 0.470 
 

Profit sharing based on plant 

performance 

0.22 0.414 

Team-based pay 0.13 0.344 
 

Team-based pay 0.17 0.377 

Table 5.54: HR Practices by Trade Union Membership 

 

Practices 

Not a 

member: 

Mean 

Rank 

TU 

member: 

Mean 

Rank 

Mann-

Whitney 

U Z P r 

Team-briefing 72.46 82.3 1235 -1.618 .106 0.1 

Good level of job security 72.01 84.72 1179.5 -1.627 .104 0.1 

Plant-wide meetings 72.36 82.83 1223 -1.287 .198 0.1 

Individual performance appraisal 72.68 81.13 1262 -1.03 .303 0.1 

Involvement in problem-solving 71.56 87.13 1124 -1.86 .063 0.2 

Broadly designed or flexible jobs 73.73 75.46 1392.5 -0.209 .834 0.0 

Consultative committee 69.4 98.83 855 -3.586 <.000 0.3 

Job rotation 73.95 74.26 1420 -0.038 .970 0.0 

Self-managing teams 73.95 74.26 1420 -0.038 .970 0.0 

Team-building exercises 71.49 87.54 1114.5 -1.975 .048 0.2 

Individual merit pay 72.97 79.57 1298 -0.885 .376 0.1 

Profit sharing based on plant 

performance 

73 79.37 1302.5 -0.902 .367 0.1 

Team-based pay 74.45 71.59 1370.5 -0.462 .644 0.0 

Table 5.55: Mann-Whitney U Test of Significance for Trade Union Membership 
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5.3.9: New or Special I4.0 Training 

Lastly, in response to the question on whether they had received new or special training on the 

introduction of I4.0 manufacturing technologies, 34.7% of participants said they had not. Table 5.56 

shows 23.1% of respondents having had very little training while 31.3% had only some training. 

Further analysis of this measure is displayed by the two employee groups in figure 5.17, which 

reveals operations workers to have received less training in general than technical specialists and 

professional engineers. 

 

Percent 

None 34.7 

Very Little Training 23.1 

Some Training 31.3 

Quite a bit of Training 9.5 

A great deal of Training 1.4 

Table 5.56: New/Special I4.0 Training 

 

 

Figure 5.17: Breakdown by Occupation Type 

Table 5.57 presents the crosstab of responses to the question according to employee groupings of 

occupation type and trade union membership. The chi-squared test of independence for the 

grouping by occupation type is not significant. However, the grouping by trade union membership 

is, and reveals that the experience of new or special training was greater amongst with trade union 

members than non-union members, X2 (4, n = 147) = 11.277, p = .024. Results of a Mann-Whitney 

U test shown in table 5.58 confirm that trade union members (Mr = 97.85, n = 23) had greater 
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ratings for new/special training  than did those who were not in a trade union (Mr = 69.58, n = 

124), U = 877.5, z = -3.058, p = .002, with a medium effect of r = .3.  

By occupation 

type 

  

OpWkrs 

(n=70) 

TSPE 

(n=77) Total X2 df P 

None 27 24 51 5.66 4 .226 

Very little 20 14 34 

   

Some 18 28 46 

   

Quite a bit 4 10 14 

   

A great deal 1 1 2 

   

Total 70 77 147       

  

No 

(n=124) 

Yes 

(n=23) Total X2 df P 

By trade union 

membership 

None 49 2 51 11.277 4 .024* 

Very little 29 5 34 

   
Some 34 12 46 

   
Quite a bit 10 4 14 

   
A great deal 2 0 2 

   
Total 124 23 147       

Table 5.57: Crosstab of response by Employee Groupings 

 

New/special 

training on 

implementation 

of advanced 

technologies 

OpWkrs: Mean 

Rank TSPE: Mean Rank 

Mann-

Whitney U Z P r 

67.51 

  

79.9 

  

2240.5 

  

-1.843 

  

0.065 

  

0.2 

  

New/special 

training on 

implementation 

of advanced 

technologies 

TU member: Mean 

Rank 

Not a member: 

Mean Rank 

Mann-

Whitney U Z P r 

97.85 

  

69.58 

  

877.5 

  

-3.058 

  

0.002 

  

0.3 

  

Table 5.58: Test of Significance by Occupation Group and Trade Union Membership 
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5.3.10: Test of Hypotheses (Parallel Mediation)  

The PROCESS macro (version 3.5) for SPSS developed by Hayes (2018) was used to test the parallel 

multiple mediator models hypothesized in the study – that is, assessing the effects that the use of 

I4.0 manufacturing technologies have on job satisfaction and physical, and psychological health via 

the mediators of involvement in decision-making, skill utilisation, and work intensity. The results of 

the Ordinary Least Squares (OLS) regression pathways, and the direct and indirect effects that were 

assessed for mediation are shown in table 5.59 and figures 5.18, 5.19, and 5.20 below.  

 
  

Variable USC B SE t P 

Direct Effects: 

 

Use of I4.0 MT ---> IDM .7217 .1821 3.9621 .0001 

Use of I4.0 MT ---> SU .5625 .1581 3.5570 .0005 

Use of I4.0 MT ---> WI -.0202 .1186 -.1699 .8653 

Use of I4.0 MT ---> JS a -.0649 .0329 -1.9702 .0508 

Use of I4.0 MT ---> PHYH a -.0138 .0328 -.4212 .6743 

Use of I4.0 MT ---> PSYH a -.1188 .1404 -.8464 .3988 

IDM ---> JS .0451 .0155 2.9137 .0042 

IDM ---> PHYH .0245 .0154 1.5874 .1146 

IDM ---> PSYH .0701 .0659 1.0641 .2891 

SU ---> JS .1315 .0179 7.3330 .0000 

SU ---> PHYH -.0035 .0179 -.1972 .8439 

SU ---> PSYH .2008 .0764 2.6281 .0095 

WI ---> JS -.0488 .0221 -2.2113 .0286 

WI ---> PHYH -.0609 .0220 -2.7671 .0064 

WI ---> PSYH -.5461 .0941 -5.8665 .0000 
  

Variable Value SE LL 95% 

CI 

UL 95% 

CI 

Indirect Effect (Bootstrapping): Use of I4.0 MT ---> IDM ---> JS .0325 .0139 .0058 .0606 

Use of I4.0 MT ---> IDM ---> PHYH .0177 .0117 -.0026 .0440 

Use of I4.0 MT ---> IDM ---> PSYH .0506 .0513 -.0471 .1576 

Use of I4.0 MT ---> SU ---> JS .0740 .0229 .0358 .1255 

Use of I4.0 MT ---> SU ---> PHYH -.0020 .0102 -.0231 .0177 

Use of I4.0 MT ---> SU ---> PSYH .1130 .0472 .0307 .2131 

Use of I4.0 MT ---> WI ---> JS .0010 .0063 -.0128 .0131 

Use of I4.0 MT ---> WI ---> PHYH .0012 .0077 -.0152 .0159 

Use of I4.0 MT ---> WI ---> PSYH .0110 .0673 -.1266 .1429 

 

*MT: Manufacturing Technologies; IDM: Involvement in decision-making; SU: Skill Utilisation; WI: Work Intensity; JS: 

Job Satisfaction; PHYH: Physical Health; PSYH: Psychological Health; LL:Lower Limit, UL: Upper Limit, CI: Confidence 

Interval; a :C’. Bias-Corrected Bootstrap CI; Bootstrap Sample Size:5,000  
 

Table 5.59: Regression Results for Hypotheses Tests 
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As can be observed in table 5.59 (under direct effects) and figure 5.18 below, the use of I4.0 

manufacturing technologies has significant positive relationships with employee involvement in 

decision-making (B = .7217, t = 3.9621, p < .0001) and skill utilisation (B = .5625, t = 3.5570, p 

< .0005), and a negative but not significant one with work intensity (B = -.0202, t = -.1699, p = 

.8653). The direct effects (C’ pathway) it has on the three outcomes are also negative but not 

significant – job satisfaction (B = -.0649, t = -1.9702, p = .0508), physical health (B = -.0138, t = 

-.4212, p = .6743), and psychological health (B = -.1188, t = -.8464, p = .3988).  

Furthermore, involvement in decision-making has a positive and significant association with job 

satisfaction (B = .0451, t = 2.9137, p = .0042), but not significant ones with physical health (B = 

.0245, t = 1.5874, p = .1146), and psychological health (B = .0701, t = 1.0641, p = .2891). Skill 

utilisation has significant positive relationships with job satisfaction (B = .1315, t = 7.3330, p < 

.0000) and psychological health (B = .2008, t = 2.6281, p = .0095), and a negative and not 

significant one with physical health (B = -.0035, t = -.1972, p = .8439). Lastly, work intensity is 

shown to be negatively and significantly associated with psychological health (B = -.5461, t = -

5.8665, p < .0000), physical health (B = -.0609, t = -2.7671, p = .0064), and job satisfaction (B 

= -.0488, t = -2.2113, p = .0286). These associations are as presented in figures 5.18 to 5.20. 

 

Figure 5.18: Mediated Outcome on Job Satisfaction 
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Figure 5.19: Mediated Outcome on Physical Health 

 

Figure 5.20: Mediated Outcome on Psychological Health 

 

The indirect effects, as analysed through bootstrapping, reveal that the use of I4.0 manufacturing 

technologies exerts an influence on job satisfaction through the mediating variables of involvement 
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in decision-making (bootstrap value = .0325, 95%CI = .0058, .0606) and skill utilisation (bootstrap 

value = .0740, 95%CI = .0358, .1255). In addition, skill utilisation also acts as a mediator of the 

relationship between use of I4.0 manufacturing technologies and psychological health (bootstrap 

value = .1130, 95%CI = .0307, .2131). As Shrout and Bolger (2002) argue, bootstrapping is a 

useful tool for assessing mediational effects and estimating standard errors in cross-sectional data, 

with mediation being confirmed when zero is not present in the computed confidence interval (Hayes 

& Rockwood, 2017; 2020). 

 

5.4: Conclusion 

This chapter has reported the results of surveys of NZ manufacturing companies and international 

manufacturing employees. The chapter provides a comprehensive view of the current state of I4.0 

advanced manufacturing in New Zealand - the technologies used, the drivers, challenges and 

responses, extent of adoption, skill profiles and shortages, training, and workforce management 

strategies. Support for the study’s hypotheses was also established. To reiterate, the following 

hypotheses were supported: (H1) greater use of I4.0 manufacturing technologies is associated with 

greater requirement of advanced technical skills; (H2) greater use of I4.0 manufacturing 

technologies is associated with greater skill shortages; (H3) greater use of I4.0 manufacturing 

technology is associated with increased training in manufacturing plants; (H4b) greater use of I4.0 

manufacturing technology is associated with a higher level on the index of human resource practices  

for technical specialists and professional engineers; (H5ib) greater use of I4.0 manufacturing 

technology is associated with greater involvement in decision-making by technical specialists and 

professional engineers; (H5ii) greater use of I4.0 manufacturing technology is associated with 

greater involvement in decision-making by employees; (H6a) involvement in decision-making has 

a positive relationship with job satisfaction; (H7a) involvement in decision-making mediates the 

relationship between the use of I4.0 manufacturing technology and job satisfaction; (H8) greater 

use of I4.0 manufacturing technology is associated with greater levels of skill utilisation; (H9a) skill 

utilisation has a positive relationship with job satisfaction; (H9c) skill utilisation has a positive 

relationship with psychological health; (H10a) skill utilisation mediates the relationship between the 

use of I4.0 manufacturing technology and job satisfaction; (H10c) skill utilisation mediates the 
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relationship between the use of I4.0 manufacturing technology and psychological health; (H12a) 

work intensity has a negative relationship with job satisfaction; (H12b) work intensity has a negative 

relationship with physical health; and (H12c) work intensity has a negative relationship with 

psychological health. 

However, no support was established for these following hypotheses: (H4a) greater use of I4.0 

manufacturing technology is associated with a higher level on the index of human resource practices  

for operations workers; (H5ia) greater use of I4.0 manufacturing technology is associated with 

greater involvement in decision-making by operations workers; (H6b) involvement in decision-

making will have a positive relationship with physical health; (H6c) involvement in decision-making 

will have a positive relationship with psychological health; (H7b) involvement in decision-making 

mediates the relationship between the use of I4.0 manufacturing technology and physical health; 

(H7c) involvement in decision-making mediates the relationship between the use of I4.0 

manufacturing technology and psychological health; (H9b) skill utilisation will have a positive 

relationship with physical health; (H10b) skill utilisation mediates the relationship between the use 

of I4.0 manufacturing technology and physical health; (H11) greater use of I4.0 manufacturing 

technology is associated with greater levels of work intensity; (H13a) work intensity mediates the 

relationship between the use of I4.0 manufacturing technology and job satisfaction; (H13b) work 

intensity mediates the relationship between the use of I4.0 manufacturing technology and physical 

health; and (H13c) work intensity mediates the relationship between the use of I4.0 manufacturing 

technology and psychological health.  

In the next chapter, I will discuss the importance and implications of these findings in relation to 

the literature and how they help in addressing the research questions posed in the study. 
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Chapter 6: Discussion 

6.1: Introduction 

In this chapter, I interpret and discuss the results of the data analysis to answer the research 

questions. I examine the approach to I4.0 implementation taken by New Zealand manufacturers 

and the work organisation strategies that they use. In addition, I consider the key elements of 

sociotechnical and action regulation theories that exist in systems of work under I4.0, and what 

effects the new manufacturing paradigm has on employees’ job quality and well-being. This study 

seeks to advance understanding of the I4.0 advanced digital manufacturing phenomenon and its 

impact on the organisation and experience of work. It has followed a critical realist approach to 

explore, describe, and explain the structures and mechanisms that interact to influence work under 

the I4.0 paradigm. The interpretation and discussion that follow are presented under the relevant 

research question. 

 

6.2: To what extent are New Zealand manufacturers adopting Industry 4.0 technologies? 

The first research question is not driven by any hypothesis, but it is important to discover and 

describe the nature and the structures of, and the conditions in which the mechanism of I4.0 

manufacturing occurs in New Zealand (Mingers & Standing, 2017; Bygstad et al., 2016; Sayer, 

2000). To answer this question, the study surveyed the CEOs and general managers of 79 New 

Zealand manufacturing plants across the areas of digitalisation, technology choice, and the drivers 

and challenges of I4.0 adoption. These themes are discussed below and represent an explanation 

of the reality of I4.0 advanced manufacturing in New Zealand.  

 

6.2.1: Degree of Digitalisation 

As discussed in the literature review, the digital transformation of the manufacturing value-chain is 

regarded as a building block of the I4.0 paradigm, and, as some scholars argue, determines whether 

companies fail or prosper in the new production age (Ghobakhloo & Ching, 2019; Bogner et al., 

2016). These results show respondents firmly lean towards digital integration within their production 

value-chain, with over half (55.7%) indicating some use of digitalisation within their factory plants. 
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This finding, when compared with a survey conducted by PwC of 200 manufacturing companies in 

Germany where 91% of participants had some form of digitalisation in their industrial operations 

(Geissbauer et al., 2017), is interesting. Germany, according to the Readiness for the Future of 

Production report (2018) by the World Economic Forum (WEF), ranks 3rd (behind Japan and South 

Korea) of a hundred countries for structure of production and 6th for drivers of production, while 

New Zealand ranks 53rd and 20th respectively. Structures of production refers to the complexity and 

scale of the manufacturing base, and the drivers of production include technology and innovation, 

human capital, global trade and investment, and institutional framework (WEF, 2018). This positions 

the results of manufacturing digitalisation against a global perspective and highlights the ‘upside 

potential’ New Zealand manufacturing has if it can use advanced digital technologies to leverage its 

production complexity and scale.  

There are, however, variations within the NZ industry regarding the extent of plant digitalisation.  

For instance, the findings show that sub-sectors like the machinery and equipment, electronics, and 

wood and paper that service external markets through exporting are more likely to report greater 

levels of digitalisation. Keller (2004) argues that this is because such companies operate in markets 

where higher standards are required to compete and because there are more opportunities in 

international trade to acquire innovative technology. Furthermore, the results disclose that the 

extent of digitalisation increases with higher revenue in the New Zealand electronics, metal and 

metal products, and machinery and equipment sub-sectors. Digitalisation also varied according to 

the ownership structure and percentage of capital expenditure spent on manufacturing technologies. 

The data reveals that plants with majority New Zealand shareholders have higher levels of capital 

expenditure and digitalisation than do those with foreign ownership. Previous research (e.g., Chen 

& Tan, 2013; Beaumont et al., 2002; Baldwin & Diverty, 1995) suggests that the adoption of 

innovation tends to be positively associated with foreign ownership of companies. Other studies, 

however, show that this relationship depends on the type of technology. Gomez and Vargas (2012), 

for instance, found the relationship to be significant only for robotics technology and not for CNC 

(computerised numerical control) or FMS (flexible manufacturing system). 

Nevertheless, with 44.3% of manufacturing plants not being digitalised, the NZ manufacturing 

industry is characterised by slightly above average levels of digitalisation. There are high adopters 
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that, as will be discussed subsequently, chose more innovative technologies, identified key 

objectives for I4.0 adoption, faced challenges but took much stronger and proactive measures to 

address them than did low adopters. The study by Muller et al. (2018) finds that small companies, 

faced with the concept of I4.0 digitalisation, approach its adoption with caution. The findings support 

this verdict because a quarter of respondents use the technology only in detached processes and 

jobs. This is a tactic some organisations adopt when, faced with low financial capability for greenfield 

investments, they choose a piecemeal approach to technology implementation - a choice that may 

lead to greater expenses when later the need to synchronise systems and standards of 

miscellaneous applications arises (Davis et al., 2012; Hirsch-Kreinsen, 2014; Strozzi et al., 2017; 

Muller et al, 2018). The challenges of adoption experienced by these respondents are, perhaps, 

substantial barriers to a more comprehensive use of digitalisation. 

 

6.2.2: Extent of Adoption 

The results disclose that the I4.0 technologies most used by the NZ manufacturers in the study are 

cybersecurity, cloud computing, predictive maintenance, Internet of Things (IoT), and integrated 

planning. The least used are big data, simulation, artificial intelligence, digital twin systems, and 

virtual and augmented reality technologies. Those in the middle include advanced robotics, vertical 

and horizontal system integration, data-enabled resource optimisation, 3D printing/additive 

manufacturing, and connected sensors. Taking a general view, it would appear New Zealand 

manufacturers, like their similarly sized contemporaries in other countries (Ghobakhloo & 

Iranmanesh, 2021; Frank et al, 2019; Dalenogare et al., 2018), follow a restrained approach in 

using I4.0 technologies, and indeed may not consider them critical to their plant’s operations. The 

top five technologies, according to the classification by Frank et al. (2019), are a mix of core and 

supporting technologies. Core technologies like cloud computing and the internet of things allow the 

integration of other technologies into a seamless manufacturing system. The supporting ones, on 

the other hand, provide enhanced operational capabilities. Even so, some of the technologies are 

not particularly unique to I4.0 - and indeed, many organisations in different industries use cloud 

computing and cybersecurity. Cybersecurity has become essential for organisations that want to 

protect their data, information, and systems from unauthorised access and to prevent theft, 
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monitoring, viruses, ransomware, and denial-of-service attacks (Von Solms & Van Niekerk, 2013). 

Also, cloud computing may be used for remote data storage only, but not to store real-time data 

captured from manufacturing machinery and equipment – which is a key process under I4.0 (Frank 

et al., 2019). The fact that connected sensors, which are the devices that can capture and transmit 

manufacturing data, appear as the sixth ranked technology suggests the former rather than the 

latter. The lower ranked technologies are more I4.0 specific, and Frank et al. (2019) suggests that 

companies that implement and master the ‘higher complexities’ of advanced automation (robotics), 

horizontal integration and virtualisation (simulation) technologies gain competitive advantage. 

Interestingly, these are the technologies given greater ranking by high adopters in the study. Two 

of the top five technologies chosen by high adoption companies are vertical and horizontal system 

integration and simulation, and this is a marked difference from low adopters.  

On the other hand, the study by Andulkar et al (2018) supports the view that organisations do not 

have to adopt all the technologies of I4.0 digital manufacturing to reap the benefits of integrated 

digitisation, only those technologies that support their business strategies, enhance customer 

offerings, and are cost effective. Nonetheless, it is noteworthy that big data and data-enabled 

resource optimisation (analytics) do not feature higher in the rankings. Data mining is the process 

of discovering patterns or trends in sets of data and making the resultant information available to 

enhance decision-making and is said to be key for business success in I4.0 digital manufacturing 

(Bonnard et al, 2019). New Zealand manufacturing companies might be more hesitant to integrate 

big data analytics in their operations because of a lack of understanding, lack of internal capability 

and unwillingness to disrupt their current systems and business model (Horvath & Szabo, 2019; 

Muller et al, 2018; Basl, 2017).  

The findings also support the assertion by Moeuf et al. (2018) that such enterprises would not favour 

revolutionary technologies like artificial intelligence, big data, and virtual and augmented reality 

that can lead to ‘profound’ business transformations. 

6.2.3: Objectives of Adoption 

By implementing these digital manufacturing technologies, participants in the study aim to enhance 

plant operational performance through improved production efficiency, higher quality of output, and 
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increased profitability. These findings support the theoretical conceptualisations in the I4.0 

literature. The economic perspective of digitalised manufacturing argues that implementation of the 

technologies in a transparent and readily accessible network would promote the operational 

optimisation of the manufacturing process to deliver competitive business results (Kagermann et 

al, 2013; Rubmann et al, 2015; Gilchrist, 2016; Hoffmann & Rusch, 2017; Kiel et al., 2017). 

Empirical studies testing whether I4.0 technologies provide an appreciable boost to company 

profitability would help to prove/disprove this assumption; though, as noted earlier, such research 

is still some time in the future (Sung, 2018). Nevertheless, my research shows that New Zealand 

manufacturers, like those elsewhere, seek the digital technologies of I4.0 for financial and 

operational opportunities, a finding supported by Schmidt et al. (2015) and  Muller et al. (2018). 

The differences in objectives of I4.0 adoption between high and low digitalisation adoption 

companies were in the areas of seeking to improve the quality of plant output, increasing production 

efficiency, and growing their market share. High adopters reported greater scores in these areas 

than did low adopters. 

On the other hand, the results do not indicate the prospect of having production return to home 

base, which Ancarani and Di Mauro (2018) term as ‘Reshoring’, to be an important reason for 

adopting I4.0 technologies by New Zealand manufacturers. Reshoring or backshoring has been 

suggested as a likely driver and/or effect of greater manufacturing digitalisation in OECD countries 

especially for smaller companies (Dachs et al., 2019; De Backer & Flaig, 2017). The proposition is 

that I4.0’s promise of increased productivity, labour cost savings and flexibility will persuade 

manufacturers to bring all or most of their production operations back to the home country. 

However, the debate on this is still open with other scholars (Muller et al., 2017) arriving at 

inconclusive results about the claim. 

 

6.2.4: Challenges of Adoption & Responses 

The key obstacles faced during implementation were recruiting people with the necessary skills and 

a lack of current internal capabilities – especially by high adopters. It has been noted that the 

manufacturing industry in New Zealand struggles to find specific trade related or technical expertise 
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in the local labour market, and so sometimes recruits internationally to fill the skills shortage (MBIE, 

2018). Hourly wages in the industry are lower on the average than the national median, with longer 

average weekly work hours. Most often, skill shortages are reported particularly for tradespeople 

and very specific technical or professional expertise (Stats NZ, 2019). It is no surprise then that 

such people would rather find jobs with better work conditions. Other challenges of adoption include 

the uncertainty about the financial outcome investing in I4.0 will bring and the difficulty of 

integrating innovative technologies with existing systems. The possibility of a low return on 

investment, a long pay-back period, and the complexity of integrating with existing systems are 

points of interest. These again, are suggested in the literature, and a few studies (Erol et al., 2016; 

Zhou et al., 2015; Kagermann et al, 2013) have identified that long-term financial pressures and 

the complex requirements of integration with existing standards, systems, and business processes, 

especially in a situation of uncertainty, will negatively impact the viability of smaller companies 

implementing I4.0.  

Employee resistance to change, which as de Sousa Jabbour et al. (2018b) argue forms part of the 

‘soft’ organisational elements required to ease I4.0 adoption, is seen to be comparatively 

unchallenging. It is regarded as more of a challenge by low than by high adopters. These findings 

may suggest that respondents consider their organisation’s level of change readiness well-suited to 

the demands of adoption. On a final point, the fact that respondents indicate that the difficulty in 

accessing funding and a lack of government agency support are less challenging factors is also 

worth noting. The assurance they show might perhaps stem from knowing about the various 

government support schemes available within the New Zealand business landscape. 

In response to these challenges, the companies provided in-house training for employees, partnered 

with suppliers and clients, offered attractive pay, and improved plant working conditions. These all 

tie-in with the two top challenges highlighted in the preceding paragraph. It would appear 

manufacturers are trying to make working in the industry more appealing. Interestingly, the findings 

show that while some New Zealand manufacturers are clear on the nature of challenges encountered 

in adopting I4.0, they are less inclined to approaches outside their network. There is some hesitation 

to reach outside primary networks to recruit university graduates, access funding, seek advice from 

consultants or collaborate on R&D projects. Reasons for this could be inexperience on how to 
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approach and partner on research and development projects, lack of knowledge sharing and open 

innovation, and scepticism about the relevance of university curricula and graduates to their 

business operations (Mittal et al, 2018). Nevertheless, Moeuf et al. (2020), in a study of Industry 

4.0 critical success factors for SMEs, argues that support from experts – academic researchers 

especially, but also industrialists and consultants – is necessary if effective knowledge transfer is to 

happen. High adopters outperform low adopters in this aspect. They are more willing to hire 

university graduates and use consultants, in addition to offering attractive pay and in-house 

training, than are low adopters of digitalisation. 

 

6.2.5: Factors influencing I4.0 Adoption 

The study, through statistical analysis, identified factors that can influence the decision to adopt the 

technologies of I4.0. The analysis was conducted, not with the aim to advance universal prediction, 

but to retrospectively demonstrate and explain causal patterns (Miller & Tsang, 2011). The results 

of the regression analysis show three variables – plant revenue, plant age, and the number of full-

time employees – that significantly increase the likelihood of I4.0 adoption. It was found that the 

earlier a plant was established, the less probable I4.0 technologies would be used within it. In 

contrast, larger companies, by total revenue and full-time employee numbers, are generally more 

likely to have adopted or be on the path towards adopting advanced manufacturing technologies in 

their manufacturing plants. This finding is supported in extant literature on how technology uptake 

rates differ between companies of varying sizes (Alshamaila et al., 2013; Lee & Xia, 2006; Stock et 

al., 2002; Kennedy & Hyland, 2003). Organisational size is commonly cited as a critical factor 

influencing the adoption of technology innovation as it implies the availability of greater resources, 

risk appetite for trial and error, and capacity to tolerate failure (Asare et al., 2016; Aboelmaged, 

2014; Hameed et al., 2012).  

The finding confirms that the management of older manufacturing plants are less inclined to adopt 

I4.0 technologies, probably because, as identified in the preceding section, integrating new and 

legacy systems is a complex and difficult process. This result also shows that manufacturers with 

more resources (as implied by greater revenue and employee numbers) are more willing to take 
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the strategic step of implementing I4.0. The study by Arnold et al. (2018) found that top 

management support, pressure from competitors, environmental uncertainty, and purported 

advantages of new technologies to be significant predictors of I4.0 implementation. However, the 

authors found little support for firm size and employee awareness influencing I4.0 adoption. On the 

other hand, Won and Park (2020) show that company sales and profits, but not company size 

(number of employees), significantly impact the decision to implement I4.0. 

Overall, the New Zealand advanced manufacturing landscape, as revealed in this study, is one where 

the uptake of I4.0 technologies is at modest levels. There are variations within the industry, with 

certain sub-sectors and manufacturing plants displaying a more progressive approach in their use 

of digitalisation, choice of technologies and objectives of adoption, and response to the challenges 

they face. These companies are not just high adopters of digitalisation, the results indicate that they 

make more proactive choices in the areas above than do low adopters. It should be noted also that 

these are companies that started the transition to I4.0 manufacturing digitalisation before the 

advent of any industry specific support and policy from the New Zealand government. However, a 

general assessment of the mechanism of I4.0 manufacturing in NZ signifies perhaps that the 

concept has, at this time, limited attraction for some companies or that the paradigm and the value-

added opportunities it offers are still not clearly understood. 

 

6.3: What skills framework and work organisation strategies in New Zealand 

manufacturing companies accompany a greater adoption of Industry 4.0? 

The second research question considers the skills profiles and the methods manufacturers in NZ use 

to attract, retain, manage, and develop their workforce when adopting the technologies of the I4.0 

paradigm. This section presents a discussion of the structures, conditions, and patterns that occur 

as the mechanisms of I4.0 advanced manufacturing and workforce management strategies interact.    

6.3.1: Importance of Skills 

The results show that the skills deemed most important by New Zealand manufacturers for current 

and future plant operations are basic communication and leadership and managing others. 

Interestingly, the top ten most important skills predominantly fall under the basic cognitive and 
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social and emotional classification. These ‘soft’ skills enable effective collaboration in a workplace 

where information needs to be evaluated, understood, and communicated for quick decision-making 

(Hecklau et al., 2017). On the other hand, there are only three ‘hard’ skills at positions 4, 8 and 9 

in the top ten, and these are all physical and manual skills. It is not exactly surprising, given the 

average levels of digitalisation of New Zealand manufacturing (discussed earlier) to see that 

technological skills are not more prominent.  

The ranking of the 29 work skills in order importance for both current and future manufacturing 

operations presents another snapshot, albeit from a different perspective, of the state of 

manufacturing in New Zealand. The finding that social and emotional, basic and higher cognitive, 

and physical and manual skill categories are crucial for work in I4.0 support the assertions and 

results of Kaur et al. (2020), Jerman et al. (2018), Hecklau et al. (2017), Benešová and Tupa 

(2017), and Longo et al. (2017). Gudanowska et al. (2018), for instance, in a quantitative survey 

of 95 production enterprises in the Podlaskie region of Poland, identified the key required skills to 

be communication, self-reliance, professional knowledge, teamwork, and knowledge-sharing. Also, 

these lists challenge the assumption of the primacy of technical skills in the I4.0 workplace (Lorenz 

et al., 2016; Pinzone et al., 2017). There is, of course, the probability that the skills ranking as 

shown in this study will change with increased digitalisation levels in New Zealand manufacturing 

plants. According to Kergroach (2017), the skills required for work in modern manufacturing will 

keep evolving to match the technology-enhanced environment. The findings reveal that 27 of the 

29 skills are projected to be significantly more important in the future. Specifically, the higher 

cognitive skills of business analysis and analytics and advanced communication and negotiation, 

and the technological skill of advanced IT showed the greatest shift between current and future 

importance, which perhaps corroborates the centrality of data, human interaction, and technology 

in the I4.0 paradigm (Gorecky et al., 2014). 

It has been suggested that the I4.0 paradigm represents a form of skill-biased technological change 

(Brynjolfsson & McAfee, 2014); however, the resulting skill mix might prove to slant less towards 

the technical side as our results for both current and future importance show. The technological 

skills are clustered around the middle and bottom of the lists - with design, the highest ranked 

technological skill, appearing as the 14th and 17th most important skill. Advanced engineering and 
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maintenance, advanced IT, software programming (coding), and scientific research and 

development are ranked at 19th, 27th, 28th, 29th and 20th, 26th, 27th, and 28th respectively. Higher 

cognitive skills do not fare much better: critical thinking and decision-making is the highest ranked 

in this category and appears in the 11th and 7th positions on both lists. Creativity has been suggested 

as one of the most critical skills for work of the future (World Economic Forum, 2016; Aulbur et al., 

2016), but is ranked here as the 13th and 14th. And given the fact that I4.0 manufacturing consists 

of interdependent systems with various data and information points to improve decision-making, 

complex information processing and interpretation would be considered a top skill, but it only 

manages to come in at the 20th and 19th positions. On the other hand, physical and manual skills 

are well represented in the top half of both lists with four of six skills appearing in the first 12, and 

so can be considered as the ‘hard’ skills New Zealand manufacturers require for their plant 

operations. Of interest is the review by Hecklau et al. (2017), which identified ‘communication and 

cooperation’ as the most important I4.0 competency from an analysis of 2,628 enterprise 

interviews. The similarities end there though, the review has software coding ranked 2nd, complex 

problem-solving 3rd, creativity 6th, decision-making 7th, leadership 10th, and analytical skills 11th out 

of 12 competency areas. 

 

6.3.2: Skill Shortages and Responses 

According to the results, New Zealand manufacturing companies are finding it difficult to recruit for 

such competencies as leadership and managing others, teaching, and training others, and craft and 

technician skills. The first two are classified under the social and emotional category, while the third 

is a physical and manual type. All three top the skills shortage list with a good margin of difference 

and rank as being very important to current and future manufacturing plant operations. It is perhaps 

the scarcity of these skills that respondents report as a challenge during I4.0 adoption, as discussed 

earlier. Interestingly though, some of the skills in the top ten here rank much lower in the lists of 

current and future importance. For example, project management is 4th here, but is positioned 15th 

and 16th on importance. Also, this is the first time any technological skill has placed so high, with 

advanced engineering and maintenance (7th), design (8th), and equipment programming (10th) 

positioned as 19th, 14th, 17th and 20th, 17th, and 18th in importance rankings.  
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The results here reinforce the findings of the MBIE (2018) report that New Zealand manufacturers 

find specific technical, professional and trades vacancies difficult to fill. The skills in which shortages 

are least experienced include gross motor skills and strength, software programming (coding), and 

basic digital skills (data input and processing). The other 23 skills have closely ranked values in 

between these two limits. According to the World Manufacturing Forum (WMF), the reasons for skill 

deficits experienced within manufacturing include the ever-increasing rate of technological change, 

a disconnect between what companies require and what educational and training institutes offer, 

an aging workforce, and people’s reluctance to enter the industry due to the misconception of 

manufacturing jobs as intellectually boring, labour intensive and precarious (WMF, 2019). Some or 

a combination of these factors might be behind the shortfall of skills being experienced in New 

Zealand manufacturing. 

To address the shortage in skills, companies mostly preferred to provide in-house training 

programmes for their employees, hire for the necessary skills, and then improved salaries, wages, 

and benefits. In-house training, which is the most common form of training in New Zealand (Stats 

NZ, 2019), raises the skills’ capacity of companies, although there is some acknowledgement that 

setting up training courses on the use of various I4.0 technologies and applications might be cost 

prohibitive for some organisations to bear on their own (Oesterreich & Teuteberg, 2016; Sommer, 

2015; Ghobakhloo & Fathi, 2019). However, NZ manufacturers seemed less interested in offering 

internships, collaborating with local private-training establishments, and developing stronger links 

with universities, polytechnics, and technology institutes. This finding closely mirrors the pattern of 

participants’ responses to the challenges of I4.0 adoption where there was a focus on a narrow 

circle of association. It is time, perhaps, to embrace a more expansive outlook. A viable option is to 

explore non-traditional recruitment sources. There is obviously a growing need, especially in the 

face of increasing manufacturing digitalisation, for educational and training institutes, the 

manufacturing industry, and companies to form closer ties for effective transfer of information, 

knowledge, opportunities, skills, and people. 

 



 

186 

 

6.3.3: Workforce management (HR practices and Decision-making) 

These sets of results reveal the different actions manufacturers use to manage two sets of their 

employees – operations workers and technical specialists and professional engineers. The initial 

strategy for both worker groups is the same - having them learn on the job - but manufacturers 

would thereafter rather offer internal training and competitive remuneration to current operations 

workers before deciding to look outside the company for needed skills. For technical specialists and 

professional engineers, however, there is a change in the sequence of actions. Manufacturers prefer 

using the offer of competitive remuneration, hiring new skilled workers, and enrolment in external 

courses before the provision of in-house training. Such variation perhaps reflects a recognition of 

the degree of difference in specialist knowledge between the two groups and the value management 

ascribes to each (Schmidt et al., 2017).  

Another key takeaway from this result is that partnering with industry training organisations (ITOs) 

and using digital technology to replace workers who leave the company are strategies NZ 

manufacturers are unlikely to pursue. The comparison between the responses of high and low 

adopters of digitalisation, reveals that high adopters are more likely to provide in-house training for 

both operations workers and technical specialists and professional engineers than are low adopters. 

Also, they show a preference for using competitive remuneration packages to manage their technical 

and professional employees than do low adopters. 

In addition, analysis of the HR practices further confirms the slightly different approaches 

manufacturers adopt with these employee groups. There are commonalities with practices like a 

good level of employment security, team briefing exercises, flexible and broadly designed job 

descriptions, team-building exercises, profit sharing based on plant performance, and team-based 

performance pay being similarly ranked in both groups. The most often used HR practices are good 

levels of employment security and team briefing. However, the order of the practices between these 

occupational groups reveals a form of HR customisation or differentiation. Job rotation is the most 

glaring example with operations workers seemingly experiencing this more often than technical 

specialists and professional engineers. It is probable that this variation is more likely due to the 

nature of job tasks in these roles than any workforce management philosophy - Fægri et al. (2010), 

for instance,  show software engineers having a negative reaction to job rotation because it was 
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perceived as robbing them of expertise, efficiency, and control. Also, it cannot be assumed that all 

HR practices regarded as beneficial, job rotation for example, will be interpreted as such in practice. 

It is evident that New Zealand manufacturers are not enthusiastic about performance-based pay 

(individual and team-based), group-building exercises or employee profit sharing. The 2018 New 

Zealand Workplace survey revealed the manufacturing industry to have the second highest 

proportion of employees who had spent 10 years or more in their current jobs (Stats NZ, 2019).  

On a final point, the significant difference in the way several HR practices are used by high and low 

adopters of digitalisation further suggests distinct organisational tactics. High adopters are more 

prone to manage their technical and professional employees using team briefing, team-building 

exercises, involvement in problem-solving groups, self-managing teams, plant-wide meetings 

between management and workforce, profit sharing based on plant performance, and extensive 

screening of new hires than are low adopters. This pattern is also repeated in the management of 

their operations workers across four HR practices (team-building exercises, involvement in problem-

solving groups, plant-wide meetings between management and workforce, and profit sharing based 

on plant performance). This suggests that high adopters place a greater premium on human capital 

development than do low adopters. This could be the reason they outperform low adopters in I4.0 

digitalisation, as Crook et al. (2011) show that investing in all levels of human capital in an 

organisation is positively associated with stronger operational performance, including technological 

development. 

As shown in the findings on employee decision-making, both worker groups had frequent 

involvement in the process across the five stated activities, although operations workers appear to 

be a bit more involved. The only area technical specialists and professional engineers show greater 

involvement is in decisions about the adoption of new technologies, which is likely the result of 

management bowing to their expertise in this regard. Decisions regarding the quality and methods 

of work was where both groups had the most frequent input and drawing up schedules or rosters 

for work the least. This finding has some support from the 2018 Survey of Working Life in which 

36% of New Zealand employees reported that they had a high level of influence on the decision-

making that affects their daily tasks, 45% saying they exercised control over how their daily tasks 
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were organised, and 56% stating they could control how they did their daily tasks (Stats NZ, 2019; 

Eurofound, 2019).  

There were no significant differences between the decision-making flexibility given by high and low 

adopters to their operations workers. When it came to technical specialists and professional 

engineers, however, there was a marked divergence where high adopters allowed greater freedom 

in three areas (adoption of new technology, pace, and quality of work) than did low adopters. 

Decentralisation or decentralised decision-making is a key design principle of the I4.0 paradigm as 

it allows non-management workers, who possess direct knowledge of the interconnected systems 

and processes, to make timely decisions (Hermann et al., 2016). The opportunity to exercise 

decision-making autonomy is also a feature of well-designed jobs in both sociotechnical and action 

regulation theories (Trist, 1981; Frese & Zapf, 1994). This finding that decision-making autonomy 

is restricted to certain jobs contradicts both the design principle and STS framework of the I4.0 

paradigm (Kagermann et al., 2013).    

 

6.3.4: Extent of Training and I4.0 Special Training 

Safety was the area in which both operations workers and technical specialists and professional 

engineers received the most training. This is not unusual: New Zealand manufacturing has 

comparatively high rates of workplace incidents with a monthly average of 22.4 events occurring 

from 2018 – 2019, and health and safety training is mandatory for businesses (WorkSafe NZ, 2020). 

Both employee groups also received trainings on teamwork, quality assurance, technical, and 

interpersonal skills to a similar extent. In line with the finding on decision-making discussed above, 

technical specialists received more training in advanced digital skills than operations workers – it 

was in fact, the area in which operations workers were least trained. Professional engineers and 

technical specialists had very low levels of literacy and numeracy training, likely a result of their 

higher qualifications.  

The finding that most employees had none to moderate special I4.0 training preparatory to the 

implementation of advanced manufacturing technologies might indicate greater attention is being 

placed on the technologies than on the people who will be expected to use them. High adopters 
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tended to provide this type of training to their employees more than low adopters did, but only for 

technical specialists and professional engineers. This is contrary to the sociotechnical systems 

approach. Recommendations made in the final report of the I4.0 working group highlight the need 

for the ‘structural involvement’ of employees if I4.0 innovation efforts are to be successful 

(Kagermann et al., 2013).  A techno-centric approach to I4.0 adoption regards production 

employees as just another operational resource, relegating them to the role of bystander, or at 

best, mere monitors of complex advanced manufacturing systems. Not a few scholars have stressed 

the importance of situating workers, who after all, will be most affected by the new production 

system, in the centre of the I4.0 paradigm (see: Longo et al., 2017; Kopp et al., 2019; Rauch et 

al., 2020). 

 

6.4: How does greater exposure to Industry 4.0 technologies affect the experience of 

work by employees?  

In addressing the third research question, the study seeks to understand and explain, from the 

perspective of the worker, the “constellation of entities and activities” (Bygstad et al., 2016, p. 85) 

that interact in an I4.0 workplace. This study focuses on the mechanisms of job satisfaction, skill 

use, perception of work intensity, decision-making opportunities, and HR management practices 

that are used with advanced manufacturing technologies.  

 

6.4.1: Use of I4.0 Manufacturing Technologies 

Employees in my international survey report the four most used technologies at their workplaces 

include cloud computing, Internet of Things (IoT), cybersecurity, and predictive maintenance. The 

bottom four are data-enabled resource optimisation, advanced robotics, vertical & horizontal system 

integration, and digital twin of the production process. Those in the middle include big data, 

simulation, connected sensors, and artificial intelligence (AI). Comparing this ranking of I4.0 

technologies with that from the New Zealand employer survey uncovers some similarities. Two of 

the top-ranked technologies in both are core or base technologies that serve to interconnect the 

other technologies (Frank et al., 2019). Also, cybersecurity and predictive maintenance are high on 
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both lists, while digital twin of the production process twice appears as one of the least ranked 

technologies. The main difference between the two, however, is that respondents to the 

international survey indicate that technologies like big data, simulation, and AI are more often used 

in their workplaces than is the case in New Zealand as reported by manufacturers. Conversely, 

advanced robotics and vertical & horizontal system integration appear to be used less often in the 

workplaces of respondents to the international survey. The four technologies of big data, simulation, 

connected sensors, and artificial intelligence are given almost identical scores in the survey of 

international manufacturing workers, and they are a central feature in the architecture of I4.0 

(Salkin et al., 2018). The finding shows a higher rating by technical specialists and professional 

engineers for each of the 12 I4.0 technologies in comparison with operations workers. The difference 

was not significant, but it points, perhaps, to a greater familiarity with the technical nature of 

digitalised manufacturing. 

 

6.4.2: Degree of Digitalisation 

Based on the results, 23% of manufacturing employees signify there was none to very little 

digitalisation at their workplaces, while most (77%) confirmed some use of digitalisation in their 

companies’ manufacturing operations. When comparing the responses between occupation groups, 

the higher incidence of workplace digitalisation reported by technical specialists and professional 

engineers versus operations workers is not unsurprising. As with the I4.0 technologies, it is expected 

that these group of employees would be more aware of information technology being deployed to 

improve communication, collaboration, and other organisational processes at work. A comparison 

of the international manufacturing worker and New Zealand companies in manufacturing surveys 

reveals that the use of digitalisation for stand-alone processes is the most common scenario in 

factory operations – the international percentage, though, was almost double that for New Zealand 

manufacturers (42% versus 25.3%). Equally interesting was that more New Zealand employers 

reported their operations as being completely digitalised (6.3%) as against the worldwide proportion 

(4%). New Zealand manufacturing, however, is still some ways behind in having digital integration 

within their production plants – 55.7% of them use some form of digitalisation in comparison with 

77% of international factory plants in the worker study.  
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6.4.3: Job Satisfaction 

In general, employees report high levels of satisfaction at work, although they rate liking their 

workplaces slightly more than their rating for being satisfied with their current jobs. Technical 

specialists and professional engineers give stronger indications of job satisfaction than do operations 

workers, as do trade union members more than non-union members. Although none of these 

differences proved to be significant, it is interesting that reported job satisfaction was high even 

during the pandemic and the related economic uncertainty. Most countries instituted some form of 

movement restrictions and people, who could, were able to work remotely. This type of flexible 

working was most likely less viable for employees in manufacturing, particularly those in factory 

floor operations, which typically occur in a fixed location. An explanation for the high scores could 

be that the offer by manufacturing companies of continued employment and other forms of support 

and flexible working conditions acted as motivation factors that positively impacted workplace and 

job satisfaction.  

 

6.4.4: Skill Use 

Respondents indicated to what extent their jobs allowed them to apply their skills, abilities, and 

knowledge in ways they thought best. The difference between the two occupation groups was not 

significant but operations workers reported higher scores for this statement than did technical 

specialists and professional engineers. This is even though technical employees appear to enjoy 

greater autonomy in the decision-making areas discussed below. The second most ranked statement 

was being able to use skills and abilities that are seen as valuable by others. This conveys an 

element of prestige, which is one of the characteristics of well-designed jobs in STS as 

conceptualised by Trist (1981) and discussed in chapter 3. A critical finding, however, is that 

respondents’ current jobs are not providing many opportunities for gaining and developing new 

abilities and skills. This calls into question whether complexity, enough to serve as a challenge, is 

woven into such jobs. Action regulation theory (ART) holds that complexity is a regulation 

requirement if learning and skill development is to happen at work. The Skills for the Future of 
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Manufacturing report (WMF, 2019) also suggests that the skills gap within the industry can be 

addressed proactively by making on-the-job learning a priority.  

 

6.4.5: Perception of Work Intensity 

Technical specialists and professional engineers and trade union members reported higher scores 

for the statement ‘I am under constant pressure at work’ than did operations workers and non-

union members. There was little difference in the responses of the two occupational groups for the 

statement ‘I find myself working faster than I would like to complete my work’, but trade union 

members had a greater rating than did non-union members. The differences between the employee 

groups were not statistically different. However, the finding suggests some form of work intensity 

is occurring, with respondents having to complete the same or a greater amount of work within a 

lesser or the same timeframe (Kubicek et al., 2015). Research shows that the use of information 

and communication technologies (ICT), flexible work practices, and the desire for career progression 

can engender feelings of work pressure in employees (Chesley, 2014; Kelliher & Anderson, 2010; 

Perez-Zapata et al., 2016). Technical specialists and professional engineers are more likely to be 

constant users of ICT in the workplace due to the nature of their jobs, and this may account for the 

higher scores. Relating this finding with that on involvement in decision-making, in which 

respondents indicate enjoying levels of discretion, points, perhaps, to the paradox of autonomy 

(Mazmanian et al., 2013). Modern working conditions that allow greater work autonomy for 

employees may encourage them to internalise management control and regulate their own work to 

match organisational expectations has been described as ‘caged discretion’ (Muhr et al., 2012). The 

reported perception of work intensity could also account for why respondents report having less of 

an opportunity to acquire new knowledge and skills.  

 

6.4.6: Involvement in Decision-making 

The findings show that respondents are most involved in decisions concerning the quality of their 

work and least involved in the decision to adopt new technologies. Technical specialists and 

professional engineers reported greater involvement in all five decision-making areas than did 
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operations workers. They reported having more autonomy in the decision-making areas of adoption 

of new technology, pace of work, methods of work, and work schedule and roster in comparison 

with operations workers. This is not unusual as the study by Eurofound (2014) suggests that 

employees in higher skilled jobs enjoy more decision-making opportunities than those in less skilled 

roles. Trade union members also indicated higher scores than non-union members in the areas of 

quality of work, methods of work, work schedule/roster, and adoption of new technologies. This 

difference, unlike that between the occupation groups, was not statistically significant. Employee 

scope for decision-making features strongly in both sociotechnical systems and action regulation 

theories which, as discussed in chapter 3, assert that well-designed jobs should afford employees 

opportunities to exercise autonomy and discretion. 

 

6.4.7: Human Resources Practices 

The results uncover the human resources (HR) practices that respondents experience at work, and 

pinpoints team-briefing (by some margin) to be the most used, while team-based pay was the least. 

HR practices at the top of the list include good levels of job security, plant-wide meetings, individual 

performance appraisals, and involvement in problem-solving. The next set of practices are broadly 

designed/flexible jobs, consultative committees, job rotation, self-managing teams, and team-

building exercises. Lying at the bottom of the list are individual merit pay, profit sharing based on 

plant performance, and team-based pay. The order in which these HR practices are ranked is quite 

similar to that under the New Zealand manufacturer survey. The number one and two spots are 

interchanged between team-briefing and good levels of job security, but team-based pay and profit 

sharing based on plant performance still bring up the rear.  

An analysis of the two employee groups by occupation and trade union membership reveals 

elements of HR differentiation. Some practices, like self-managing teams and individual merit pay, 

are ranked differently by the experience of operations workers and technical specialists and 

professional engineers, on the one hand, and trade union and non-union members on the other – 

which points to the varied approaches used to manage these workers. The difference between the 

occupation groups was significant for job rotation where operations workers reported higher scores. 
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This pattern is a repeat of what was observed in the New Zealand manufacturer survey, and, most 

likely, reflects the different ways work tasks are configured in each job type with project-based work 

being the norm for engineers (Fægri et al., 2010). The other significant difference was on individual 

merit pay for which technical specialists and professional engineers had greater scores. This reflects 

the higher educational and training qualifications and higher skill levels typically possessed by this 

occupational group. On the other hand, members of trade unions had higher ratings for participation 

in consultative committees and team-building exercises than did non-union members.  

 

6.4.8: New/Special Training on Industry 4.0 

Respondents disclose they have had none (34.7%) and very little (23.1%) training specific to the 

implementation of I4.0 manufacturing technology in the last 12 months. 31.3% had received some, 

9.5% got quite a lot, and a small proportion (1.4%) had a great deal of training. In other words, 

more than half (57.8%) of these workers report receiving negligible amounts of I4.0-oriented 

training. A further breakdown of this result shows that the number of operations workers who had 

very little to no training was more than twice the number of those who had, while the ratio for 

technical specialists and professional engineers was almost 1:1. In addition, operations workers 

were more likely to have not received any substantial amount of I4.0 preparatory training. This 

raises the question if workers - the social system - had been adequately readied for the introduction 

of the new technical system. The advice of Jackson and Martin (1996) on the need for adequate 

training seems pertinent: “successful implementation … will depend fundamentally on the 

thoroughness of the preparatory work and, without such preparation, the chance of great benefits 

is low” (p. 76). The finding, perhaps, signals the view that management has of the usefulness of 

operations workers in manufacturing digitalisation. Cirillo et al. (2021) show that the adoption of 

I4.0 in three Italian manufacturing companies was accompanied by an increase in bureaucratic 

control at the expense of operators on the factory floor.  

The categorisation by trade union membership also shows that non-union members report greater 

levels of having had none, very little, and some new or special training than union members. Trade 

union members indicated they received training specific to the adoption of I4.0 technologies at 
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greater levels than did non-union members. This difference was significant, while that between 

operations workers and technical and professional employees was shown to not be so. It is possible 

that I4.0 specific training had been provided to employees prior to the 12 months asked in the 

survey. However, as Kergroach (2017) argues, employee skills need to keep pace with the quickly 

evolving technologies of I4.0. The finding that 57.8% of respondents received little to no prior 

training, when juxtaposed against the reported degree of digitalisation - where 77% of respondents 

confirm the use of manufacturing digitalisation in their workplace – strongly suggests an imbalance 

in the approach to I4.0 adoption. It suggests a techno-centric view that assigns precedence to the 

exciting new technical innovation and less significance in readying the human and social systems in 

which such technologies will operate (Sony & Naik, 2020b; Kopp et al., 2019). The WMF (2019) 

report argues that insufficient employee (re)training would impede the full realisation of I4.0 

advanced manufacturing. 

 

6.5: How well are the theories of sociotechnical systems and action regulation reflected 

in the organisation of work in Industry 4.0 manufacturing companies? 

The fourth research question considers the key theoretical themes of sociotechnical systems and 

action regulation theories and the research hypotheses that were developed in section 3.6 to assess 

how I4.0 affects the organisation of work. In doing this, I followed McAvoy and Butler (2018) who 

advise the use of a priori theories as a framework to examine and explain the interactions of the 

mechanisms under study. Kagermann et al. (2013) argue that I4.0 should be adopted according to 

the principles of sociotechnical systems, and state that: “a socio-technical approach to work 

organisation will offer workers the opportunity to enjoy greater responsibility and enhance their 

personal development” (p. 6). 

6.5.1: NZ Survey of Manufacturing Companies  

The first five hypotheses were tested using data from the survey of NZ manufacturing companies. 

The five hypotheses were H1: Greater use of I4.0 manufacturing technologies is associated with 

greater requirement of advanced technical skills; H2: Greater use of I4.0 manufacturing 

technologies is associated with greater skill shortages; H3: Greater use of I4.0 manufacturing 
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technology is associated with increased training in manufacturing plants; H4: Greater use of I4.0 

manufacturing technology is associated with a higher level on the index of human resource practices 

for (a) operations workers (b) technical specialists and professional engineers; and H5i: Greater 

use of I4.0 manufacturing technology is associated with greater involvement in decision-making by 

(a) operations workers (b) technical specialists and professional engineers.  

The results show that the deployment of I4.0 manufacturing technologies is positively and 

significantly related to the use of technological skills (H1), the incidence of skills shortages being 

experienced (H2), and the availability of training opportunities for workers (H3). As discussed in the 

literature, the technological complexity of the I4.0 paradigm is expected to generate an increasing 

demand for advanced competencies (Hecklau et al., 2016; Pinzone et al., 2017), and the findings 

reveal this to be the case. Technical skills are required to operate the combination of the 1,200 

mini-technologies of I4.0 (Chiarello et al., 2018) that may be implemented by manufacturing 

companies. However, the study’s findings also show that manufacturers in NZ place a higher 

premium on ‘soft’ skills than on technical skills. From the results, shortages in social and emotional 

skills and higher cognitive skills categories are being experienced more often in manufacturing. 

These are the competencies that can help employees manoeuvre complicated I4.0 settings, and the 

highly skilled who possess them will be sought-after (Longo et al., 2017; Rubmann et al., 2015). In 

addition, the quick introduction of the I4.0 paradigm into manufacturing and the rate at which the 

associated technologies evolve mean that the development offerings of educational and vocational 

organisations fall short of current I4.0 skill needs (Bologa et al., 2017). Manufacturing companies 

that adopt the technologies have little choice then, but to provide their employees with some form 

of training, whether in-house or external, to fill the gap (Stachova et al., 2019; Büth et al., 2018), 

and these finding show that.  

The hypotheses test also reveals the strong positive association between advanced manufacturing 

technologies and the use of HR practices to manage technical specialists and professional engineers 

and their involvement in decision-making (H4b & H5ib). The proposition that operations workers 

would be similarly managed or involved in the decision-making process as the use of I4.0 

technologies increased is not supported. The HR differentiation (Lepak & Snell, 1999), as suggested 

by these findings, perhaps highlights the value attached to technical specialists and professional 
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engineers – an employee group that has higher technical qualifications, and so more strategic 

relevance to I4.0 business goals – by these companies as the drive towards increased manufacturing 

digitalisation gathers strength. The study by Marescaux et al. (2013) on 13.639 non-management 

employees in the Belgian private sector indicated that differentiated HR work practices that fostered 

employee autonomy and involvement are positively associated with feelings of organisational 

commitment. My findings show that NZ manufacturers offer their technical employees more 

opportunities to exercise autonomy than they do their operations workers. Variations in HR 

architecture may, however, be a double-edged sword according to Marescaux et al. (2013) who also 

demonstrate that employees who are not recipients of favoured practices experience a “lower 

affective organisational commitment” (p. 342).  

6.5.2: International Survey of Manufacturing Employees 

Furthermore, hypotheses 5ii to 13 were tested using the data from the international survey of 

manufacturing workers. These hypotheses included H5ii: Greater use of I4.0 manufacturing 

technology is associated with greater involvement in decision-making by employees; H6: 

Involvement in decision-making will have a positive relationship with (a) Job satisfaction, (b) 

Physical health, (c) Psychological health; H7: Involvement in decision-making mediates the 

relationship between the use of I4.0 manufacturing technology and (a) Job satisfaction, (b) Physical 

health (c) Psychological health; H8: Greater use of I4.0 manufacturing technology is associated 

with greater levels of skill utilisation; H9: Skill utilisation will have a positive relationship with (a) 

Job satisfaction, (b) Physical health, (c) Psychological health; H10: Skill utilisation mediates the 

relationship between the use of I4.0 manufacturing technology and (a) Job satisfaction, (b) Physical 

health (c) Psychological health; H11: Greater use of I4.0 manufacturing technology is associated 

with greater levels of work intensity; H12: Work intensity will have a negative relationship with (a) 

Job satisfaction, (b) Physical health, (c) Psychological health; and H13: Work intensity mediates 

the relationship between the use of I4.0 manufacturing technology and (a) Job satisfaction, (b) 

Physical health (c) Psychological health. 

The results of the multiple parallel mediation test provide support for eleven of these propositions. 

The findings reveal that the use of I4.0 manufacturing technology has positive relationships with 

employee involvement in decision-making processes (H5ii) and employees being able to use their 
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knowledge, skills, and abilities in their jobs (H8). Involvement in decision-making exerts a positive 

influence on their job satisfaction (H6a). Also, the opportunity employees have to use their skills at 

work is positively related to being satisfied about their jobs (H9a) and their psychological health 

(H9c), while the incidence of intensified work exerts negative influences on employee job 

satisfaction (H12a), physical health (H12b), and psychological well-being (H12c). Furthermore, 

employee involvement in the processes of decision-making was confirmed to mediate the 

relationship between the use of I4.0 manufacturing technology and job satisfaction (H7a), whereas 

skill utilisation acted twice as a mediator – between I4.0 manufacturing technology use and job 

satisfaction (H10a), and between I4.0 manufacturing technology use and the psychological health 

of employees (H10c).  

The study’s findings represent one of the first detailed research projects investigating the 

introduction of I4.0 technologies and its impact on the organisation and experience of work. It has 

identified the associations between I4.0 digital manufacturing technology use and employee 

involvement in decision-making, skill utilisation, job satisfaction, and psychological health. Its other 

findings on the relationships between employee involvement in decision-making and job 

satisfaction, skill utilisation and job satisfaction, skill utilisation and psychological health, and work 

intensity and job satisfaction, physical and psychological health, are consistent with existing 

research. For example, the study by Boxall et al. (2019), based on two sets of data from the survey 

on social attitudes in New Zealand, found that skill utilisation was positively related to job 

satisfaction in both the 2005 and 2015 datasets. Another example is the research by Minkkinen et 

al. (2021) who used data collected from trade unions in Finland and established that work 

intensification had a positive association with emotional exhaustion (a core signifier of job burnout) 

in 957 blue-collar workers. 

Based on the discussion on research questions 2, 3, and 4, the adoption of I4.0 manufacturing 

technologies does not look to engender a Tayloristic incidence of work intensity. Although 

respondents reported feeling under constant pressure at work, the research found no significant 

association between the use of I4.0 technologies and employees experiencing intensified work. This 

finding challenges the supposition of some scholars (e.g., Rainnie & Dean, 2020; Warnhoff & de 

Paiva Lareiro, 2019), and is just the first study to test the relationship. However, the qualitative 
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case study by Moro et al. (2019) of seven manufacturing companies in the ‘Italian motor valley’ (a 

concentration of vehicle manufacturers on the outskirts of Bologna), found that machine operators 

reported an increase in managerial control and an intensification in work rhythms after the 

implementation of I4.0 technologies. The authors point out that this incidence represented a 

continuity of lean production and a lean management perspective.  

The direct positive effects the use of I4.0 technologies has on employee involvement in decision-

making and employee skill utilisation, as shown in this research, suggest that work under the new 

paradigm is capable of humanising work as conceptualised under sociotechnical systems and action 

regulation theories (Trist, 1981, Frese & Zapf, 1994; Clegg, 2000; Hacker, 2003; Mumford, 2016; 

Zacher, 2017; Zacher & Frese, 2018). The findings are consistent and reveal that the dynamics of 

work in I4.0 manufacturing tend to be more empowering than otherwise. This study has no evidence 

supporting the scenario of employees being deskilled, replaced or subservient to automation, or 

experiencing lessened decision-making autonomy, skill use, and job satisfaction (Kotynkova, 2017; 

Romero et al., 2016a). However, as discussed earlier in the chapter, evidence, does point to the 

fact that there is some variation in the way work is experienced by different occupational groups 

under I4.0.  

Furthermore, my results indicate that the use of I4.0 technologies can have a positive impact on 

employee involvement in decision-making. The exact dynamics of this relationship would require 

in-depth investigation of the contextual and contingent factors (Parker et al., 2017) possibly using 

case study methodology, but evidence from Bayo-Moriones et al. (2017) for instance, highlights the 

fact that technological advancements in manufacturing work can generate a greater experience of 

employee decision-making autonomy. As discussed earlier, decentralised decision-making is one of 

the core tenets of the digital manufacturing paradigm, and so employees reporting a greater 

involvement in these processes perhaps shows the implementation is staying true to the ideation of 

I4.0 as presented in Kagermann et al. (2013). Another reason for this finding could, of course, be 

the newness of the concept. Technological uncertainty, as argued by Wall et al. (1992), is associated 

with rapidly emerging technologies for which the knowledge and experience bases are still in 

formation, and so variances in system outputs or performance are best resolved at source by those 

affected. This line of thinking is borne out by the fact that ‘quality’, ‘methods’, and ‘pace’ of work 
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are the three areas in which respondents of the study indicate they exert the greatest freedom of 

choice. It is not surprising, therefore, that the positive effect of I4.0 manufacturing technology use 

on employee decision-making would in turn lead to an increased level of employee job satisfaction. 

Such a mediation relationship was theorised by Parker and Grote (2020), and this study finds 

confirmation for it.  

The results also indicate the impact the use of I4.0 manufacturing technology has on employee skill 

use. The overall impact is positive as participants reveal they have the discretion to use their 

valuable skills, knowledge, and abilities in their jobs. It appears that I4.0 technology use at 

respondents’ workplaces does not have a substitutionary effect on their skills (Autor et al., 2003). 

It is noteworthy, however, that participants report having less opportunity to learn and develop new 

skills, which, perhaps, suggests the presence of non-challenging or non-complex tasks in their jobs. 

Well-designed jobs, according to sociotechnical systems and action regulation theories, should offer 

some challenge or complexity to encourage the cognitive development of employees (Trist, 1981; 

Frese & Zapf, 1994; Hacker, 2003). On the other hand, this could be the effect of intensified work 

since respondents describe the pressures they experience at work as incessant. From an action 

regulation theory (ART) perspective, this situation not only implies that not much employee 

cognitive development is happening but is also contrary to one of the theory’s prerequisites for the 

design of jobs, that work must not have an unfavourable effect on mental health (Frese & Zapf, 

1994). Skill utilisation, like employee involvement in decision-making, mediates the relationship 

between the use of I4.0 manufacturing technology and employee job satisfaction. Clearly, 

employees who feel they can use their skills as and when they choose within the new advanced 

production system are likely to report being satisfied with their jobs. Furthermore, skill utilisation 

acts as a mediator in the association of I4.0 technology usage and psychological health. The freedom 

to apply their full skillsets appears to help employees better manage the emotional demands existing 

in an I4.0 manufacturing technology environment.  

There is the need for more research, in the form of in-depth case studies, to examine the interaction 

between the mechanisms of decision-making autonomy, skill use, perception of work intensity, HR 

management practices, and job satisfaction that impact work in an I4.0 manufacturing environment. 

It is possible that the associations reported in this study exist at the current time because the I4.0 
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paradigm is new and there is little knowledge and experience of using the various technologies in 

manufacturing plants, and so workers are allowed more freedom to operate. To reiterate the 

argument by Wright and Cordery (1999) and Wall et al. (2002), conditions of operational uncertainty 

can affect the pattern in which work is organised. In periods of high operational uncertainty, when 

technologies are newly implemented for instance, work is designed to allow employees exercise 

greater autonomy so they can handle unexpected work problems or make work-related decisions. 

However, the converse holds in times of low operational uncertainty; work may then be designed 

to be predictable with inherently low levels of discretion (Wall et al., 2002). Other reasons could be 

the capital-intensive nature of the industry in which the plant belongs, and the type of 

manufacturing strategy (learning or reproduction oriented) being executed by management at the 

plant (Boxall & Winterton, 2018). 

 

6.6: Conclusion 

In this chapter, I have discussed the findings of the surveys of manufacturing companies in NZ and 

international manufacturing workers. The aim was to address the four research questions and show 

how the study has achieved its goal of developing an understanding of the mechanisms and 

structures that affect the organisation of work under I4.0. An in-depth analysis of the state of I4.0 

advanced manufacturing in the New Zealand context, detailing its level of digitalisation, adoption 

drivers and challenges, skills requirements and shortages, and management strategies, was 

presented. The discussion also considered the experience of the I4.0 paradigm from the perspective 

of employees and revealed the new technologies do not tend to lead to an erosion of their decision-

making autonomy or their ability to use current skills, knowledge, and competencies. Furthermore, 

I confirmed that key themes from the humanising work theories of sociotechnical systems and action 

regulation like involvement in decision-making, training and on-the-job learning, skill utilisation, 

and employee physical and psychological well-being were reflected in the organisation of work. The 

next chapter presents the contribution to theory, implications for theory, management practice, and 

public policy, limitations of the study, options for future research, and closing remarks. 
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Chapter 7: Conclusion 

7.1: Introduction 

The aim of this research is to advance understanding of the pattern and experience of technology 

adoption and organisation of work under the new manufacturing paradigm of Industry 4.0 from the 

perspective of employers and employees. It has taken a critical realist approach in exploring, 

describing, and explaining the mechanisms and structures that impact human work within 

increasingly intelligent and automated production systems. It set itself the following research 

questions. 

RQ1: To what extent are New Zealand manufacturers adopting Industry 4.0 technologies? 

RQ2: What skills framework and work organisation strategies in New Zealand manufacturing 

companies accompany a greater adoption of Industry 4.0? 

RQ3: How does greater exposure to Industry 4.0 technologies affect the experience of work 

by employees?  

RQ4: How well are the theories of sociotechnical systems and action regulation reflected in 

the organisation of work in Industry 4.0 manufacturing companies? 

The research presents detailed analysis of the state of digitalisation in the New Zealand 

manufacturing industry by uncovering the advanced technologies in use, the drivers, difficulties, 

and tactics of implementation, the workforce strategies for managing employees, and the changing 

skill needs of companies. The study also examines employees’ experience of work under I4.0 

manufacturing digitalisation and looks at the interacting mechanisms of key work characteristics 

based on the theoretical lens of sociotechnical systems and action regulation. 

The thesis, in presenting this knowledge, meets the goal set at the beginning – to investigate the 

adoption of I4.0 in New Zealand and the impact of the new paradigm on the nature and quality of 

work, and so begin to fill the gap in the literature. The study represents a picture of an ongoing 

transition process in the digitalisation of manufacturing work. This chapter marks the end of the 

thesis, and its purpose is to provide the principal theoretical contributions of the study and the 

implications for theory, practice, and public policy. Thereafter, it deliberates on shortcomings of the 
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research project and suggests potential avenues for future investigation before ending with some 

closing remarks. 

7.2: Empirical and Theoretical Contributions 

7.2.1: Empirical Contributions 

This research has made several empirical contributions. First, it adds to the growing body of I4.0 

literature by identifying the pattern, extent, drivers, and challenges of adoption within a 

comparatively small economy like New Zealand. This addresses the research agenda proposed by 

Halteh et al. (2018). The thesis, in ascertaining the extent of use of the 15 sub-technologies of I4.0, 

showed that New Zealand companies are selective about their technology choice (mostly choosing 

cybersecurity, cloud computing, and internet of things) and use digitalisation moderately to enhance 

quality and productivity. Over half of the manufacturing plants in the study used digitalisation in 

some form. However, while 6.3% of the plants were completely digitalised, 24.1% were partially 

digitalised, and 25.3% used digital stand-alone solutions, the reported negligible use of digitalisation 

was at 27.8% and 16.5% of the plants were still at the planning stage. In addition, the research 

verified that the top reasons for adopting digital manufacturing include the desire for increased 

profits, greater quality of output, improved production efficiency, lower operation costs, and a faster 

reaction to customer requests. Others were to grow market share, develop new products and 

services, meet the requirements of supply-chain partners, and reduce transport and logistics 

expenses. This rationale to deploy I4.0 for enhanced financial and operational performance supports 

the economic argument in the literature (Tortorella et al., 2018; Hoffmann & Rusch, 2017; Kiel et 

al., 2017), and confirms the findings by Muller et al. (2018) and Schmidt et al. (2018). Also, the 

thesis disclosed that the greatest challenges to I4.0 adoption in NZ include the lack of skilled 

employees, the difficulty in recruiting for skills, wariness about possible low-returns on investment, 

long pay-back periods, the complexity of integrating with existing systems, and a perceived lack of 

support from government agencies. It found that to address these challenges, companies chose to 

provide in-house training to employees, partner with clients and suppliers, offer attractive 

remuneration, improve working conditions, use short-term subcontracts, and seek help from 

professional networks and consultants. Thus, the study can act as a roadmap for I4.0 

implementation. 
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Second, the research reveals that high adopters are companies that not only pursue greater levels 

of digitalisation and advanced technology use, but also engage in targeted and proactive strategies 

in responding to challenges, managing their current workforce, attracting new talent, and widening 

their network to include organisations that can support their digitalisation efforts. Low adopters of 

manufacturing digitalisation, on the other hand, more often chose technologies that offer ‘passive’ 

connectivity, monitoring, and control capabilities (Frank et al., 2019). The above points to a 

hesitancy regarding manufacturing digitalisation by some NZ manufacturers making them adopt 

less innovative technologies. This could be due to nonrecognition of its relevance or concerns about 

its cost-effectiveness or limited resources and internal capabilities (according to the resource 

poverty perspective as argued by Welsh & White, 1981; Terziovski, 2010; and Hewitt-Dundas, 

2006). The study also determined that plant revenue, plant age, and number of full-time employees 

significantly influence the decision to adopt I4.0 advanced manufacturing technologies.  

Third, the ranking of the 29 technical and non-technical skills in this research contributes to the 

identification of a competency framework for I4.0 advanced manufacturing. These skills were ranked 

to indicate current and projected (in 2025) relevance to plant operations. The top ranked skills for 

both periods fell into the social and emotional, basic and higher cognitive, and physical and manual 

skills categories. The study verified that two higher cognitive skills (business analysis and analytics, 

advanced communication and negotiation) and the technological skill of advanced IT had the highest 

increase in relevance between the two periods. Furthermore, the study established the critical areas 

of current skill shortages to be in the social and emotional (leadership and managing others, 

teaching and training others) and physical and manual (craft and technician) skill categories. It also 

showed that key methods taken to manage these shortages were the provision of in-house training, 

recruitment of skilled workers and improvement in work conditions.  

Fourth, the research proves that I4.0 manufacturing companies in NZ follow a hybrid strategy of 

differentiated HR practices in managing their workforce, and this tactic leads to increased 

involvement in decision-making only for some employees. The study showed there were positive 

relationships between the use of I4.0 technologies and the use of HR practices and employee 

involvement in decision-making processes for technical specialists and professional engineers, but 

not for operations workers. The top ranked HR practices for operations workers were employment 
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security, team-briefing exercises, plant-wide meetings, involvement in problem-solving groups, and 

job rotation. On the other hand, the pattern for technical specialists and professional engineers, was 

employment security, team-briefing exercises, involvement in problem-solving groups, extensive 

screening of new hires, and plant-wide meetings. Team-building exercises, profit sharing based on 

plant performance and team-based performance pay were less often used for managing both 

groups. The study also reported that operations workers had more discretionary control across four 

decision-making areas than technical specialists and professional engineers - adoption of new 

technologies was the only area that technical specialists had more control. This is surprising and 

illustrates the need for field research to better understand the experience of work under I4.0. 

Furthermore, there was variation in the workforce measures used for the two employee groups. The 

top strategies for operations workers were learning on the job, provision in-house training, offering 

competitive remuneration, bringing in new hires with necessary skills, and then external training 

courses. For technical specialists and professional engineers, it was learning on the job, offering 

competitive remuneration, bringing in new hires, enrolling workers in external training courses, and 

then providing in-house training. The extent of training provided in nine specific areas also varied 

slightly, with more training given to operations workers. The area of greatest difference was in basic 

digital skills. An important finding was that both employee groups had received little to moderate 

training preparatory to the implementation of I4.0 manufacturing technologies. In addition, the 

study uncovered the positive and significant associations between the use of I4.0 manufacturing 

technologies and the use of technological skills, incidence of skills shortages, and the availability of 

training opportunities, respectively. 

Fifth, in conducting the international survey of manufacturing employees, the research evaluated 

the extent of use of 12 I4.0 technologies and clarified the top technologies to be cloud computing, 

Internet of Things (IoT), cybersecurity, and predictive maintenance. Employees’ assessment of the 

degree of digitalisation within the plant they worked showed that digitalisation was mostly used for 

stand-alone processes (42%) within their factories. Almost a third of respondents (31%) said there 

was a lot of digitalisation at work. Very few (4%) confirmed their workplace was completely 

digitalised. However, 23% revealed there was very little to no digitalisation at their plants. This is 

against the backdrop of the Covid-19 pandemic which, as the 2020 report on industrial 
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manufacturing trends (PWC, 2020) says, has led to the slowing down of investments in 

manufacturing digitalisation. Nevertheless, Wuest et al. (2020) suggest these very conditions 

highlight the need for the digital transformation in manufacturing and supply networks to mitigate 

uncertainty and disruption and meet rising and unexpected demand. The authors give the example 

of the pharmaceutical and medical equipment manufacturing sub-sectors that have had to react to 

unforeseen circumstances and suggest the use of AI-enabled digitalisation to operate factories in 

an unmanned mode can accelerate production whilst maintaining movement restrictions or social 

distancing requirements. Also, Agrawal et al. (2020) contend that the pandemic crisis may 

exacerbate the asymmetric adoption of manufacturing digitalisation across the globe with 

companies that already deployed I4.0 technologies being better able to handle the volatile times. 

For instance, they argue that while sales of industrial robots to manufacturers in China fell in the 

first three months of 2020, a recent survey showed about 33% of Chinese companies were 

accelerating their digital automation initiatives. This contrasts with 16% of companies in the rest of 

Asia and 18% worldwide.  

Sixth, this research reveals employees’ experience of being managed under I4.0. It discloses that 

most employees were satisfied with their jobs and able to complete their work tasks using the skills 

they currently possessed. A critical finding was employees reporting that while they could use and 

apply their current skills and knowledge in the way they think is best, they had less of an opportunity 

to acquire new knowledge, abilities, and skills. Other important discoveries were that respondents 

reported being under constant pressure at work, being most involved in decisions on the quality of 

their work, and least involved in the decision to adopt new technologies. In contrast to the NZ 

survey, technical specialists and professional engineers reported greater involvement in all five 

decision-making areas than did operations workers. In addition, the study showed that trade union 

members reported higher scores than non-union members in the decision-making areas of quality 

of work, methods of work, work schedule/roster, and adoption of new technologies. With regards 

to HR management, the most common practices were team-briefings, good levels of job security, 

plant-wide meetings, and individual performance appraisals. The study also established that there 

were variations in the HR practices experienced by the various employee groups (occupational and 

trade union membership). Job rotation was more often used for operations workers than technical 
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specialists and professional engineers, while individual merit pay was more likely to be used in 

managing technical employees than operations workers. Participation in consultative committees 

and team-building exercises were more common for trade union members than non-union 

members. Hence, the study provides support for and against various conceptualisations of the 

effects of I4.0 on human work. This insight into the organisation and experience of work in I4.0 can 

act as a springboard for future qualitative investigations. 

7.2.2: Theoretical Contributions 

Consequently, this research makes several theoretical contributions. First, as discussed in the 

introduction and literature review chapters, the current literature on work organisation within the 

sphere of I4.0 manufacturing digitalisation is lacking in empirical studies (Schneider, 2018; Arnold 

et al., 2016). This research presents the material with which the gap can begin to be filled. There 

are numerous factors around the design of work within the technologically dynamic environment of 

I4.0, and this thesis offers a broader view of the adjustments occurring in digital manufacturing 

work (Meindl et al., 2021). The nature of work under the I4.0 paradigm is theorised to be complex 

(Longo et al., 2017) because of the rapid innovation of the technologies and the various ways they 

can be deployed in manufacturing activities (Frank et al., 2019). The evidence submitted in this 

study contributes to the understanding of contemporary manufacturing work in small and medium 

sized companies operating in the geographically remote region of New Zealand (Muller et al., 2018; 

Taylor et al. 2018). Second, in line with the advice of Parker et al. (2017), this study has used a 

combination of work characteristics (employee autonomy and discretion in decision-making, skill 

utilisation, and work intensity) and expanded outcomes (psychological/mental wellbeing, physical 

health, and job satisfaction) to investigate and explain the system and experience of work in I4.0.  

Third, it has extended the work organisation literature by revealing that the greater adoption of I4.0 

technologies is positively associated with employee decision-making, skill use, job satisfaction, and 

psychological wellbeing, respectively. My results show that technological change, in which advanced 

automation increasingly exercises agency, does not necessarily lead to deskilling or the erosion of 

autonomy (Downey, 2021; Maisiri et al., 2019; Hirsch-Kreinsen, 2014). Rather, the evidence points 

to a more positive than negative impact of I4.0 adoption on job quality and employee autonomy. 

At the same time, however, there are variations in the way work is experienced in I4.0 settings. 
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The thesis demonstrates that different workforce strategies are used in the management of 

occupational groups, and this affects employees’ experience of autonomy in the I4.0 workplace. It 

provides information that questions the level of job complexity (Frese et al., 2007) in I4.0 work, as 

employees report having less opportunities to gain new knowledge and skills. Job complexity is an 

integral part of well-designed jobs in both sociotechnical systems and action regulation theories 

(Trist, 1981; Frese & Zapf, 1994; Hacker, 2003), as it enables workers to be resourceful, proactive, 

and intellectually curious and adaptable (Frese et al., 2007). This implies, from an ART perspective, 

that not much employee cognitive development is happening. Also, the research findings suggest 

there is some form of work intensity (Korunka & Kubicek, 2017; Mauno et al., 2019) occurring in 

work under the new paradigm. Further investigation is necessary to develop our understanding of 

the relationship between I4.0 and these areas. 

Fourth, this research challenges the technical-skill focus of the I4.0 paradigm by revealing that ‘soft’ 

skills (social and emotional, basic, and higher cognition) are deemed more important by employers. 

It confirms the importance of technical skills in I4.0 manufacturing but contends that the successful 

adoption of I4.0 is more social and emotional-skill biased than technical-skill biased (Sony & Naik, 

2020b; Fitsilis et al., 2018). I4.0 is promoted as a technological revolution that deploys digital and 

AI-enabled technologies in manufacturing to ensure improved production capabilities and outcomes 

(Xu et al., 2021). Hence, as discussed previously, the focus of both academic and practitioner 

literatures is on the development and application of the various sub-technologies, with 

comparatively little attention paid to the centricity of human ‘soft’ skills that are critical to work and 

‘difficult to automate’ (Liboni et al., 2019). This concentration on the technological aspect of I4.0 

had resulted in the European Commission proposing a new and broader dimension to the use of 

advanced digital technologies (Breque et al., 2021). The new perspective is termed ‘Industry 5.0’ 

and is argued to be a response to the shortcomings of I4.0 because it places the human worker and 

their ‘soft’ skills that are “linked to creative, entrepreneurial, flexible, and open-minded thinking” at 

the centre of manufacturing production (Breque et al., 2021, p. 19). Industry 4.0 and Industry 5.0 

(I5.0) are not competing paradigms, nor is I5.0 a consecutive industrial revolution, but as Xun et 

al. (2021) state, the current manufacturing landscape is characterised by the “co-existence of 

technology-driven Industry 4.0 and value-driven Industry 5.0” (p. 534). The values or principles of 
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advanced digital technologies under I5.0 include collaboration, communication, co-ordination, 

problem-solving, critical thinking, and social intelligence (Ivanov, 2022; Longo et al., 2020) – all 

competencies this research has shown to be highly valued. Thus, this study highlights the weakness 

in the theoretical framing regarding I4.0 and ‘soft’ skills, and advocates for a rethinking of the theory 

on skill-based change when advanced technologies are being adopted. Furthermore, the study 

proves that the adoption of I4.0 technologies leads to increased use of advanced technical skills 

(Bongomin et al., 2020; Ras et al., 2017), greater incidence of skill shortages (Whysall et al., 2019; 

Arnold et al., 2015), and more training in manufacturing plants (Angrisani et al., 2020; Büth et al., 

2018). 

Fifth, the research contributes to the human resources management, organisational behaviour, and 

work psychology literature by exploring, proposing, testing, and finding support for various 

hypotheses. It offers evidence showing the existence of a differentiated HR architecture (Huselid & 

Becker, 2011) in the management of two occupational groups – operations workers and technical 

specialists and professional engineers – in an I4.0 manufacturing environment. Such variations have 

been noted in manufacturing work (e.g., Lepak & Snell, 1999; Marescaux et al., 2013), and as this 

study suggests, the advent of I4.0 is not likely to result in any changes.  

Sixth, this thesis contributes to the discussion on the sociotechnical systems approach in relation to 

I4.0 implementation patterns (Frank et al., 2019; Kopp et al., 2019; Macron et al., 2021). The 

research reveals that companies that are high adopters of I4.0 digitalisation also report greater 

levels of social system optimisation across four areas (workforce strategy, HR practices, employee 

autonomy, and provision of preparatory I4.0 training). Seventh, the thesis confirms extant research  

on the impact skill utilisation and involvement in decision-making have on job satisfaction, the link 

between skill use and employee psychological health, and how the experience of intensified work 

negatively affects job satisfaction, employee physical and psychological health. It affirms the 

proposition where technical change results in high-skilled workers experiencing greater autonomy 

and better HR management than lower skilled employees (Autor et al., 2003; Parker & Grote, 2020). 
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7.3: Implications 

In answering the four research questions, this thesis presents an empirical picture of the shape and 

progress of Industry 4.0 digital manufacturing and how work is organised. Research and theory on 

the new paradigm are still at the early stages of development (Sony & Naik, 2020; Oesterreich & 

Teuteberg, 2016), as is its implementation and impact on work in companies, industries, and 

countries (Culot et al., 2020; Roblek et al., 2016). The study’s findings improve our understanding 

of the pattern of I4.0 technology adoption in manufacturing companies (Sommer, 2015), and, thus, 

has significant implications for theory, practice, and public policy. 

7.3.1: Implications for Theory 

The research findings yield several theoretical implications. First, this inquiry into the characteristics 

and outcomes of work occurring in an I4.0 manufacturing environment, extends the frontiers of 

knowledge. It is one of the first empirical studies to have approached the phenomenon of I4.0 in 

such a way. Thus, it provides findings, from the perspective of the employer and employee, that 

adds to the literature on the interrelation between I4.0 and the organisation of work in 

manufacturing. Second, the study offers comprehensive insight into the state of manufacturing 

digitalisation in New Zealand, and its New Zealand-specific findings extend our understanding of the 

patterns of I4.0 adoption in small and medium-sized companies (Mittal et al., 2018).  

Third, this research illustrates the relevance of the 15 digital manufacturing technologies and 

confirms the proposition by Andulkar et al. (2018) that not all the main technologies associated with 

the I4.0 innovation need to be implemented. This, perhaps, signifies the need to establish a common 

understanding and acceptance of which technologies are fundamental to the I4.0 paradigm.  

Fourth, the study discloses the actual challenges encountered during implementation and these, 

perhaps, can help to explain the hesitancy with which many manufacturing companies consider I4.0 

(Muller et al., 2018). As discussed earlier, the bulk of current I4.0 research is focused on improving 

the various I4.0 technology offerings, standards, and protocols. However, the practical realities of 

the paradigm’s adoption also need attention, if the goal is to encourage companies to transition to 

the concept and system of digitalised manufacturing to enhance the manufacturing capabilities of 

economies (Pereira & Romero, 2017; Kagermann, 2015). Consequently, more research is required 
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on the challenges encountered during adoption. The thesis reinforces existing research that 

manufacturing companies are concerned about how adopting I4.0 technologies will impact their 

financial situation. The issue is not only the initial financial outlay required to acquire these 

technologies, but also how soon they will contribute to operation efficiency and performance. On 

top of this, a more crucial challenge is the fact that these companies struggle to find people with 

the necessary skills for I4.0 technologies, and so provide customised internal training to employees. 

These challenges highlight the element of resource poverty that constrains smaller manufacturing 

companies in implementing innovative processes (Moeuf et al., 2018; Kroon et al., 2012). Therefore, 

studies on I4.0 investment and costing models and talent management strategies for SMEs are 

clearly needed.  

Fifth, the research corroborates Parker and Grote (2020)’s hypothesized relationship between the 

adoption of advanced technologies, employee autonomy, and job satisfaction, and likewise shows 

that technological advancements deployed at work do not automatically result in lessened autonomy 

levels. As one of the first studies on work organisation in I4.0 manufacturing companies, the 

research, in highlighting the positive relationship between the use of I4.0 advanced technologies, 

skill use, and greater employee involvement in decision-making, provides support to the argument 

that management allow greater worker autonomy in periods of contextual uncertainty (Boxall & 

Winterton, 2018; Johns, 2006; Cordery et al., 2010; Wall et al., 2002). As in Wall et al. (1990), 

production uncertainty, represented here by the newness and expense of I4.0 technologies, might 

lead to greater employee empowerment as managers encourage them to exercise discretion over 

work tasks.  

Sixth, the thesis, by presenting the perspectives of I4.0 manufacturing employees, amplifies the 

voice of those most likely to be impacted by the new paradigm, and widens the discussion on the 

concept beyond just the technologies and the creation of an enabling implementation environment. 

The findings that show that the likelihood of workers experiencing greater autonomy and discretion 

in their jobs is dependent on belonging to a higher-skilled occupational group contradicts the 

expectations of some scholars (e.g., Kagermann et al., 2013; May et al., 2015; Howaldt et al., 

2017) that I4.0 adoption would lead to collective worker freedoms. Rather, my evidence supports 
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the stance of Morton et al. (2019) and Gilchrist (2016) that employees may face increased work 

pressures under I4.0.  

Seventh, the research findings indicate there is a role for trade unions in the transition to I4.0. 

Members of trade unions in the study reported greater scores for two HR practices and the receipt 

of new or special I4.0 preparatory training. Interestingly, Cirillo et al. (2020), conducted a 12-month 

long comparative case study of four companies in the ‘Italian Motor-Valley’, and found that 

organisations that had higher levels of I4.0 digitalisation also had higher levels of proactive union 

participation. The authors argue that trade union activity enhances the technological and 

organisational gains of the I4.0 paradigm. 

 

7.3.2: Implications for Practice 

The study yields some implications for practice. First, the low levels of complete and partial plant 

digitalisation should be of interest to manufacturing industries and government agencies. The 

respondents reveal the difficulties they face trying to integrate the new technologies into existing 

processes. It may be necessary, therefore, to showcase the compatibility of new I4.0 technologies 

with functioning legacy systems in brownfield sites, in a process of retrofitting (Arnold et al., 2016). 

If the aim is to encourage digitalisation, answers on how I4.0 will fit in with current processes, 

contribute to overall productivity, and provide a reasonable timing of investment returns need to be 

available. Such answers, in the form of a business case, may provide suitable evidence to convince 

manufacturing companies about the possibilities of I4.0. An example of this, in New Zealand, would 

be the I4.0 Demonstration Network (comprising Callaghan Innovation, Beca, and the Employers 

and Manufacturers’ Association) that helps manufacturers “learn about and adopt Industry 4.0 

technologies” (industry4.govt.nz).  

Second, I suggest manufacturers build and develop networks within their sub-sectors to other 

companies and associations, and externally to industry bodies, research institutions and government 

agencies. This, perhaps, will entrench a form of open systems network through which knowledge, 

capital and collaboration opportunities can flow freely. As previously discussed, big data, artificial 
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intelligence, digital twin, and simulation are central to the I4.0 paradigm, but these are technologies 

the study’s respondents do not seem to deploy. This might be due to a lack of technical competency. 

Collaborating with universities and other research bodies could lead to developing technical 

expertise within manufacturing companies.  

Third, increasing the availability of apprenticeship, industrial attachment, work placement, and 

graduate trainee programmes might address the dearth of talent experienced by these 

manufacturers, as would improving remuneration and other work conditions to make the industry 

more attractive to jobseekers. More pressingly, companies’ current internal capabilities could be 

enhanced through setting up a Learning Factory (LF). Learning factories are practice-based learning 

environments where employees can acquire and test their I4.0 digital manufacturing abilities before 

using those skills in actual production processes (Baena et al., 2017). These learning factories are 

exact replicas of manufacturing operations and have proven better for employee training and 

performance than traditional learning methods (Cachay et al., 2012). Studies indicate these learning 

factories can be sited in universities or as a regional hub where various companies can have 

programmes specific to their workplace operations set up for employees (Faller & Feldmüller, 2015; 

Niemeyer et al., 2020; Centea et al., 2020). 

Fourth, it is important, in keeping with sociotechnical perspectives, that employees are better 

prepared for the introduction of the new manufacturing paradigm at work. The advanced 

technologies of I4.0 require a complementary approach to implementation that ensures a 

‘functional’ match of the technical, human, and organisational systems (Kopp et al., 2019). The 

advice of Jackson and Martin (1996) on the need for adequate training seems pertinent:  “successful 

implementation … will depend fundamentally on the thoroughness of the preparatory work and, 

without such preparation, the chance of great benefits is low” (p. 76).  

Fifth, the thrust of ART’s argument is that cognitive development occurs through work actions, but 

the study shows employees’ jobs offer limited opportunity to develop and gain new skills and 

knowledge. Hence, there is a clear need for work to be regarded as a site for learning (Bohlinger et 

al., 2015) and for job tasks to have increasing levels of complexity and challenge built into them.  
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To conclude, the thesis confirms the view that allowing workers increased capacity to exercise 

discretion and control over their work is the right approach, but it should not be just during periods 

of uncertainty. A recent policy brief from Eurofound, based on data from 44,000 employees in 35 

EU countries, provides evidence that high-involvement organisations – where workers exercise 

initiative over work tasks and have input in wider organisational decisions -  have better work 

environments that foster employee engagement and well-being, organisational capacity to handle 

dynamic market trends, and performance (Eurofound, 2020). It remains to be seen, however, if the 

positive effects experienced by employees (as shown in this study) continue or dissipate in the face 

of stressful social upheaval. 

7.3.3: Implications for Public Policy 

Suggestions to inform public policy would be to address the challenges of I4.0 adoption identified 

in the thesis, and so cultivate implementation readiness in manufacturing companies. First, one of 

the goals of the New Zealand manufacturing industry transformation plan is to have digital 

technologies spread through the sector to ensure output of high-value products (MBIE, 2019). 

Evidence of the gradual uptake of digitalisation, as indicated in this research, might provide some 

clarification and direction so there will be no disconnect between policy efforts on I4.0 advanced 

manufacturing and the readiness levels of manufacturing companies. Productivity indices for New 

Zealand are low (OECD, 2019; MBIE, 2018), and innovations like I4.0 digitalisation can be 

harnessed to, perhaps, reverse the trend. The moderate levels of digitalisation in New Zealand 

manufacturing companies suggest I4.0 has the potential to transform operations and strengthen 

their competitiveness on the international stage (Taylor et al., 2018). 

Second, it is advisable that funding schemes be created to support the uptake of I4.0 advanced 

technologies in small and medium sized companies. The findings show that uncertainty regarding 

financial and operational dividends is the main barrier to I4.0 adoption by New Zealand 

manufacturers. It is a worthwhile proposal, therefore, to address this uncertainty by having a fund 

specific to encouraging innovations in manufacturing. In the UK, for instance, the Industrial Strategy 

Challenge Fund has £5.6bn to foster the use of artificial intelligence and data analytics technologies 

in the manufacturing sector (ukri.org).  
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Third, the information revealed in the thesis of companies finding it difficult to recruit certain skill 

categories from the labour market implies a mismatch in what these manufacturers want and what 

educational and vocational training institutes provide, and this needs to be resolved. Bologa et al. 

(2017) argue that successful I4.0 adoption requires reforms in tertiary and training curricula to 

better equip the current and future workforce. It may also be necessary for the NZ government to 

consider more skills-based immigration.  

Fourth, the findings in the thesis reiterate the point made by Muller et al. (2018) that governmental 

and industrial innovation hubs, where smaller companies can exchange information and knowledge 

and form links, are necessary for the uptake of I4.0 technology. These will serve as incubation and 

accelerator centres and provide expert support to new and existing manufacturing companies as 

they transition to I4.0 advanced manufacturing. 

 

7.4: Limitations and Ideas for Future Research 

Limitations in research projects are the norm, not the exception. They arise from complexities 

inherent in wide and deep subject areas, research design choices, and unforeseen impediments on 

the path to project completion. Reporting limitations is, as Brutus et al. (2013) argue, “useful for 

understanding the importance of the weaknesses of the specific research effort as reported by the 

author[s], placing the study in context, and attributing a credibility level to it” (p. 49). This study, 

although providing several insights that scholars and practitioners will find interesting, is but a 

preliminary assessment of work organisation factors and their relationships with each other and 

with I4.0 digital manufacturing technology. The first limitation is that the research data, based on 

a single survey, is cross-sectional in nature. This, perhaps, does not do adequate justice to the 

complexities of organisational change occurring within manufacturing companies as they go through 

implementing new technologies. Opportunities to conduct in-depth case studies were sought at 

separate times from manufacturing companies in over five countries over the last four years. Verbal 

and written agreements either came to no fruition (a few are still pending) or if realised, permission 

to use the data was withheld. It is difficult using a survey to track and get a full understanding of 

historical management decisions and plans to adopt I4.0, the choice of implementation strategy, 
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the procedures for readying employees, test-piloting, resolution of bottlenecks, and experience of 

implementation teams and of workers who directly interface with these I4.0 technologies. It is highly 

recommended that subsequent research follows qualitative case or ethnographic study designs and 

longitudinal approaches to investigate work organisation in the digitalisation paradigm. This is in 

line with the advice of Parker et al. (2017), who call for more ‘proactive’ methods and a ‘dynamic 

perspective’ in conducting contextualised work design research in the face of accelerating 

technological and societal changes. 

The second limitation is associated with the point above and is the problem rising from the 

deployment of self-report survey instruments. Self-report questionnaires are subject to the bias of 

selective remembering, exaggerating, and misinterpreting. Every attempt was made to ensure the 

questionnaires were easily understandable and technical terms were explained in clear ‘everyday’ 

language. Nevertheless, the possibility of misunderstanding by a few respondents cannot be 

ignored. 

The third limitation is the sample size of the NZ manufacturer survey. This employer survey had 79 

usable responses from the CEOs and general managers of manufacturing companies. As mentioned 

earlier, survey responses in New Zealand and Australia can be low in comparison with countries in 

Asia, Europe, and North America. The expectation was that by partnering with two industry bodies 

and an industrial training organisation, the study would attract wider participation, but success was 

limited. In relation, variables on the presence of trade unions in NZ manufacturing plants was 

omitted from this survey, and this is a weakness that can be rectified in future studies. However, a 

question on plant-wide consultation was included, based on the understanding that STS theory is 

primarily focused on worker involvement in choosing and operating new technology. Trade union 

presence and membership was, nevertheless, captured on the manufacturing worker survey. 

Fourth, and related to the preceding point is the fact that employer-level data was obtained from 

just one country. The manufacturing industry in New Zealand might be viewed as idiosyncratic given 

the comparative figures of manufacturing value added and size of its companies 

(data.worldbank.org). However, the research and its findings will be valuable to small and medium 

sized enterprises (SMEs) around the world that might be thinking of or are already implementing 
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the manufacturing technologies of I4.0. Future projects can, using the two questionnaires perfected 

in this study, look to capture a more sizeable response from participants in different regional 

contexts. 

Fifth, the use of a crowdsourcing site (Prolific) for the global employee survey comes with some 

constraints. Participant pools from such sites tend to be self-selecting, and so there might be a bias 

toward a younger, tech-savvy population that is more highly educated and those drawn to taking 

the survey because of either an interest in the topic or the monetary reward.  

 

7.5: Closing Remarks 

The seeds of me choosing this topic were planted six years ago while I was managing the human 

capital department of a short-to-medium-term finance company. The CEO was taking the company 

in a slightly different direction by making it a fintech company, by having marketers who pounded 

the city streets daily and by the building and deployment of an app. My task over seven months 

involved creating a new app development unit, designing jobs, recruiting its manager and other 

engineers, enrolling them in online training programmes, and making sure the remuneration 

packages being offered were competitive in a fierce market. It was an exciting project. At the same 

time, however, I also had to restructure and downsize the marketing and sales unit. Following the 

CEO’s directive, numbers were cut to 40%, leaving those who were personable, highly proficient 

with technology, and persuasive (with great voices) in the unit that then became the call centre – 

with reduced salaries that were a small fraction of that paid to app developers.  

As argued by Kopp et al. (2019), digitalisation changes the landscape of work organisation because 

it impacts the overall organisational strategic focus, and its repercussions cascade down and spread 

through the business. As stated in the introduction of this chapter, this thesis is but a picture of the 

patterns of work in I4.0. The very nature of the technology and societal ebb and flow require that 

observing, studying, testing, and chronicling the progress of digitalised work and automation – 

within and outside manufacturing – must continue. It is a process that is accelerated by social 

factors, as the last twelve months have clearly demonstrated. In conducting this research, my aim 

was to understand the changing nature of work by examining how I4.0 digitalisation influenced the 
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arrangement of work, skill requirements, and use within production systems. I have gained some 

insight, as presented in this thesis, but there is much more to know. The full consequences for 

individuals and societies of digitalisation and other advanced engineering technologies introduced 

into work are still being ascertained. And I find this just as interesting as I did six years ago. 
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Appendices 

Appendix A: Questionnaires  

I: Survey of New Zealand Manufacturers 

 

Note: If you have more than one plant, please complete this survey in relation to your 

most important plant. 

Please tick to indicate you are 16 years or older -  

Manufacturing & Skills (‘Skills Shift’) 

 

1. Over the period 2016 to 2018, to what extent did your plant use any of the following 

manufacturing technologies? 
 

Include: technologies that are owned, leased or licensed, used as a service (e.g., cloud 

computing) or acquired through partnership.   
 

Exclude: technologies of suppliers and those not located within your company (e.g., contracted-

out activities), except technologies used as a service (e.g., cloud computing).   
 

 

a. Connected sensors  

b. Big Data 

c. Cloud Computing 

d. 3D Printing/Additive Manufacturing 

e. Virtual and Augmented Reality 

f. Simulation 

g. Vertical and Horizontal System Integration 

h. Artificial Intelligence 

i. Internet of Things 

j. Cybersecurity 

k. Advanced Robotics  

l. Predictive maintenance 

m. Data-enabled resource optimisation 

n. Digital twin of production process 

o. Integrated planning 

                 ( ): We did not use and have no plan to use  

                 ( ): We began to implement 

                 ( ): We substantially implemented 

                 ( ): We fully implemented 

       ( ): We plan to implement between now and 2025 

 

People and Manufacturing Survey: Degree of digitalisation 

2. Digitalisation is the use of information technology to integrate all the processes, people, 

information and functions within the manufacturing value chain to improve efficiency and 

decision-making. Which of the following statements on digitalisation best describes the 

situation in your plant in the period 2016 to 2018?  
 

( ): Little or no digitalisation 

( ): Planned for digitalisation 

( ): Used digital technologies for stand-alone solutions 
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( ): Plant was partially digitised and connected 

( ): Plant was completely digitalised 

( ): We plan to introduce digitalisation between now and 2025 

 

People and Manufacturing Survey: Objectives of adoption 

3. Please rate the importance of the following objectives in your plant’s adoption of 

manufacturing technologies for the period 2016 to 2018.  
 

a. Increasing efficiency in the production process  

b. Developing new products and services  

c. Improving the quality of output  

d. Personalising the product range  

e. Growing your market share  

f. Faster reaction to customer wishes 

g. Increasing profitability 

h. Improving sustainability through reduction in raw material consumption  

i. Meeting requirements of supply-chain partners 

j. Lowering operating costs 

k. Reducing transport and logistics expenses  

l. Reshoring – bringing production back to your NZ plant 
 

( ): Not at all important 

( ): Slightly important 

( ): Moderately important 

( ): Very important 

( ): Extremely important 

 

People and Manufacturing Survey: Challenges to adoption 

4. Please identify the major challenge(s) encountered by your company when adopting 

advanced manufacturing technologies. 

a. Lack of employee skills 

b. Workforce resistance to change 

c. Difficulty in recruiting skilled staff 

d. Low return on investment 

e. Long payback period 

f. Difficulty in accessing funding 

g. Lack of support from government agencies 

h. Difficulty in integrating new advanced technologies with existing systems, standards 

and processes 

i. Decisions affecting our plant are made elsewhere in the organisation 

j. Lack of technical support or services (from consultants or vendors)  

k. Another challenge - specify:  

( ): Not a challenge 

( ): Minor challenge 

( ): Major challenge 
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5. Please rate the actions (if any) your company taken to meet the challenge(s) of adopting 

advanced manufacturing technologies. 
  

a. Offered attractive pay 

b. Improved working conditions 

c. Recruitment of recent university graduate(s) 

d. Offered training as needed in the organisation 

e. Called in consultants  

f. Subcontracted labour for short-term needs 

g. Collaborated with universities or research centres to develop advanced technologies 

h. Collaborated with other suppliers 

i. Worked in partnership with clients 

j. Acquired another company that had already developed the particular advanced 

technology 

k. Sought technical support from government  

l. Obtained financial help 

m. Sought support from professional networks 

n. Other measure - specify: 
 

( ): Not an action 

( ): Minor action 

( ): Major action 

 

People and Manufacturing Survey: Investment and Returns 

 

6. Over the three years from 2016 to 2018, what percentage of your company’s capital 

expenditure in that timeframe was spent on advanced manufacturing technologies? 

( ) 

When precise figures are not available, please provide your best estimate 

 

7. Please indicate your plant’s current performance in comparison with your significant 

competitor(s) 
 
 

a. Sales growth 

b. Growth in market share  

c. Profitability  

                ( ): Much worse 

( ): Worse 

( ): Somewhat worse 

( ): About the same 

( ): Somewhat better 

( ): Better 

( ): Much better 

 
 
 

Skill requirements and training related to manufacturing technologies.  

8. How important are the following skills to your manufacturing plant today? 
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a. General equipment operation & navigation  

b. General equipment repair & mechanical skills 

c. Craft and technician skills 

d. Fine motor skills 

e. Gross motor skills & strength 

f. Inspecting & monitoring 

g. Basic literacy 

h. Basic numeracy  

i. Basic communication 

j. Advanced communication & negotiation skills 

k. Advanced literacy & writing 

l. Advanced mathematical and data analysis skills  

m. Business analysis/analytics skills 

n. Critical thinking & decision making 

o. Project management 

p. Complex information processing & interpretation 

q. Creativity 

r. Interpersonal skills & empathy 

s. Leadership & managing others 

t. Entrepreneurship & initiative-taking 

u. Adaptability & continuous learning 

v. Teaching & training others 

w. Basic digital skills (data input and processing) 

x. Advanced IT skills 

y. Software Programming (i.e., coding skills) 

z. Equipment Programming 

aa. Design Skills 

bb. Advanced engineering & maintenance 

cc. Scientific research & development 

Measurement: sliding scale from 0 (not relevant to my business) to 9 (very high importance) 

 

9. To what extent are you experiencing skills shortages in any of these skills at your plant? 

 

a. General equipment operation & navigation  

b. General equipment repair & mechanical skills 

c. Craft and technician skills 

d. Fine motor skills 

e. Gross motor skills & strength 

f. Inspecting & monitoring 

g. Basic literacy 

h. Basic numeracy  

i. Basic communication 

j. Advanced communication & negotiation skills 

k. Advanced literacy & writing 

l. Advanced mathematical and data analysis skills  

m. Business analysis/analytics skills 

n. Critical thinking & decision making 

o. Project management 

p. Complex information processing & interpretation 

q. Creativity 

r. Interpersonal skills & empathy 

s. Leadership & managing others 

t. Entrepreneurship & initiative-taking 
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u. Adaptability & continuous learning 

v. Teaching & training others 

w. Basic digital skills (data input and processing) 

x. Advanced IT skills 

y. Software Programming (i.e., coding skills) 

z. Equipment Programming 

aa. Design Skills 

bb. Advanced engineering & maintenance 

cc. Scientific research & development 

 

Measurement: sliding scale from 0 (not relevant to my plant) to 9 (Always) 

 

10. In 2025, how important do you believe the following skills will be for your manufacturing 

plant? 

 

a. General equipment operation & navigation  

b. General equipment repair & mechanical skills 

c. Craft and technician skills 

d. Fine motor skills 

e. Gross motor skills & strength 

f. Inspecting & monitoring 

g. Basic literacy 

h. Basic numeracy  

i. Basic communication 

j. Advanced communication & negotiation skills 

k. Advanced literacy & writing 

l. Advanced mathematical and data analysis skills  

m. Business analysis/analytics skills 

n. Critical thinking & decision making 

o. Project management 

p. Complex information processing & interpretation 

q. Creativity 

r. Interpersonal skills & empathy 

s. Leadership & managing others 

t. Entrepreneurship & initiative-taking 

u. Adaptability & continuous learning 

v. Teaching & training others 

w. Basic digital skills (data input and processing) 

x. Advanced IT skills 

y. Software Programming (i.e., coding skills) 

z. Equipment Programming 

aa. Design Skills 

bb. Advanced engineering & maintenance 

cc. Scientific research & development 

 

Measurement: sliding scale from 0 (not relevant to my business) to 9 (very high importance) 

 

Please provide answers for two employee categories (i) Operations workers (ii) 

Technical specialists and professional engineers. 

 
 

 

11. Please indicate which actions you have taken to deal with skill shortages. 
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a. Recruited skilled employees 

b. Provided in-house training 

c. Improved salaries, wages and benefits 

d. Established stronger links with universities, institutes of technology or polytechnics 

e. Partnered with industry training organisations (ITOs) 

f. Collaborated with private training establishments (PTEs) 

g. Offered internships 

h. Instituted or upgraded apprenticeship programmes 

i. Other – Specify 
 

( ): Not an action 

( ): Minor action 

( ): Major action 

 

12. How do you plan to manage your plant workforce over the next 3 years because of 

advanced manufacturing technologies?  
 

a. Operations workers 

b. Technical specialists and professional engineers 

 

i. Hiring new employees who have the necessary skills 

ii. Providing in-house training programmes 

iii. Enrolling employees in external courses  

iv. Learning on the job 

v. Partnering with industry training organisations (ITOs) 

vi. Using technology to assist older employees to remain longer in jobs 

vii. Replacing employees who leave with digital technologies 

viii. Making sure your remuneration packages are competitive 
 

( ): Very unlikely 

( ): Unlikely 

( ): Undecided 

( ): Likely 

( ): Very likely 

 

 

13. Over the three-year period from 2016 to 2018, did the employees of your plant receive 

new or special training on the adoption and implementation of advanced manufacturing 

technologies? 
 

a. Operations workers 

b. Technical specialists and professional engineers 

 

( ): None 

( ): Very little 

( ): Some 

( ): Quite a bit 

( ): A great deal 

 

14. Please indicate the extent of training you provided over the years 2016 to 2018 in the 

following areas. Please include both on-site and off-site training. Check all that apply.  

a. Operations workers 
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i. Literacy skills 

ii. Numeracy skills 

iii. Basic digital skills 

iv. Advanced digital skills 

v. Technical skills  

vi. Quality assurance skills 

vii. Safety skills 

viii. Interpersonal skills 

ix. Teamwork 

x. Other 
 

b. Technical specialists and professional engineers 

i. Literacy skills 

ii. Numeracy skills 

iii. Basic digital skills 

iv. Advanced digital skills 

iv.       Technical skills  

v. Quality assurance skills 

vi. Safety skills 

ix.  Interpersonal skills 

x.  Teamwork 

xi.  Other 
 

( ): Not at all 

( ): To a small extent 

( ): To a moderate extent  

( ): To a great extent 

( ): To a very great extent 

 

15. Relative to other manufacturers in your industry, how would you rate your plant’s 

investment in training over the years from 2016 to 2018? 
 

( ): Far below average 

( ): Below average 

( ): Average 

( ): Above average 

( ): Far above average 

 

16. To what extent do New Zealand’s apprenticeship systems need to change to satisfy your 

future skills needs?  
 

( ): Not at all 

( ): To a small extent 

( ): To a moderate extent 

( ): To a great extent 

( ): To a very great extent 

16(i). Do you have any comments or feedback regarding the ability of New Zealand’s 

apprenticeship systems to meet your skill needs?  
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       Text Box Response (optional) 

 

Organisational practices and the implementation of manufacturing technologies 

 

17. To what extent did you use the following practices in your plant over the years 2016 – 

2018 for (a) operations workers, (b) technical specialists and professional engineers? 
 

a. Job rotation 

b. Broadly designed or flexible job descriptions 

c. Team briefing 

d. Team-building exercises 

e. Employee involvement in problem-solving groups 

f. Individual performance appraisals 

g. Individual merit pay 

h. Self-managing teams 

i. Team-based pay 

j. Plant-wide meetings between management and the workforce 

k. A consultative committee to discuss plant or workforce issues 

l. Profit sharing based on plant performance 

m. Extensive screening of new hires 

n. A good level of employment security 

( ): Never 

( ): Very rarely 

( ): Rarely 

( ): Occasionally  

( ): Frequently 

( ): Very frequently 

( ): Always  

 

18. For the years 2016 to 2018, please indicate how often non-management employees in your 

plant were involved in the decision-making process for the following:  

a. Operations workers 

i. Methods of work 

ii. Adoption of new technologies 

iii. Pace of work 

iv. Quality of work 

v. Work schedules or rosters 

( ): Never 

( ): Very rarely 

( ): Rarely 

( ): Occasionally  

( ): Frequently 

( ): Very frequently 
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( ): Always 

b. Technical specialists and professional engineers 

i. Methods of work 

ii. Adoption of new technologies 

iii. Pace of work 

iv. Quality of work 

v. Work schedules or rosters 

( ): Never 

               ( ): Very rarely 

               ( ): Rarely 

               ( ): Occasionally  

               ( ): Frequently 

               ( ): Very frequently 

               ( ): Always 

 

19. How many hours of training per year per employee was provided to your plant’s workforce 

for the period 2016 to 2018?  

a. Operations workers 

b. Technical specialists and professional engineers 

( ):  

 

Please rate the extent to which the following statements describe your plant over the 

years 2016 to 2018 

20. Our manufacturing costs were lower than our competitors. 

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 

21. Our efficient internal operating systems decreased the cost of making our products.  

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 
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( ): Agree 

( ): Strongly agree 

22. Our economy of scale enabled us to achieve a cost advantage.  

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 

 

23. We achieved a cost-leadership position in our industry.  

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 

 

24. Compared to competing products, our products offered superior benefits to customers.  

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 

 

25. Our products were unique and not available from other vendors.  

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 
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26. We took great efforts in building a strong brand name, and nobody could easily copy that. 

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 

 

27. We successfully differentiated ourselves from others through effective advertising and 

promotion campaigns.  

( ): Strongly disagree 

( ): Disagree 

( ): Somewhat disagree 

( ): Neither agree nor disagree 

( ): Somewhat agree 

( ): Agree 

( ): Strongly agree 

 

 

General Questions 

28. Who holds the majority ownership of your plant? What percentage of your plane is New 

Zealand owned?  

( ): New Zealand shareholder(s) 

( ): Foreign shareholder(s) 

 

29. What percentage of your plant is New Zealand owned? 

Slide measure 

 

30. Please state the full-time equivalent number of employees working in your plant for the 

following years.  

a. 2015 

b. 2018 

( ): 

 

31. Please indicate how many apprentices have been working in your plant for the following 

years.  

a. 2015 

b. 2018 

( ):  
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32. How would you assess the effectiveness of New Zealand’s universities in meeting your 

plant’s skills needs?  
 

( ): Very ineffective 

( ): Ineffective 

( ): Neither ineffective nor effective 

( ): Effective 

( ): Very effective 

 

31a. Do you have any comments or feedback regarding the ability of New Zealand’s universities to 

meet your skill needs?  

       Text Box Response (optional)  

 

33. How would you assess the effectiveness of New Zealand’s polytechnics and institutes of 

technology in meeting your plant’s skills needs?  
 

( ): Very ineffective 

( ): Ineffective 

( ): Neither ineffective nor effective 

( ): Effective 

( ): Very effective 

 

32a. Do you have any comments or feedback regarding the ability of New Zealand’s polytechnics 

and institutes of technologies to meet your skill needs?  

       Text Box Response (optional)  

 

34. What proportion of your plant’s total product output is currently: 

( ): Sold within New Zealand? 

( ): Exported? 

 

 

35. In what year was your plant established?  

( ):  

 

36. In which manufacturing subsector does your plant operate? 

( ): Food and beverage 

( ): Wood and paper 

( ): Chemicals and refining 

( ): Plastics and rubber 

( ): Metal and metal products 
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( ): Machinery and equipment  

( ): Electronics 

( ): Other manufacturing 

 

37. What was the total revenue of your plant for the last two years? 

a. 2017 

b. 2018 

( ) 

 

Thank you for completing this survey on advanced manufacturing technologies and skills in New 

Zealand, your time is appreciated. If you would like to participate in further research with us, 

please get in touch – we are keen to hear from you. 

 

Approved by the University of Auckland Human Participants Ethics Committee on 27-Nov-2017 for 

three years. Reference number 020249.  
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II: International Survey of Manufacturing Workers 

 

1. Over the course of the last 12 months, did you work with the following technologies in your 

job? 
 

 

 

p. Connected sensors  

q. Big Data 

r. Cloud Computing 

s. Simulation 

t. Vertical and Horizontal System Integration 

u. Artificial Intelligence 

v. Internet of Things 

w. Cybersecurity 

x. Advanced Robotics  

y. Predictive maintenance 

z. Data-enabled resource optimisation 

aa. Digital twin of production process 

                 1. No 

                 2. Yes 

    

2. Digitalisation is the use of information technology to integrate processes, people, 

information, and functions within the manufacturing value chain to improve efficiency and 

decision-making.  

Which of the following statements on digitalisation best describes the situation in your 

workplace in the last 12 months? 

1. Not digitalised 

2. Very little digitalisation 

3. Some digitalisation for stand-alone processes 

4. A lot of digitalisation 

5. Completely digitalised 

 

3. To what extent, do you agree or disagree with the following statements?  
 

a. All in all, I am satisfied with my job 

b. In general, I do not like my job 

c. In general, I like working here 

 

1. Strongly disagree 

2. Disagree 

3. Somewhat disagree 

4. Neither agree nor disagree 

5. Somewhat agree  

6. Agree 

7. Strongly agree 
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4. In general, would you say your health is: 

1. Very poor 

2. Poor 

3. Somewhat poor 

4. Neither poor nor good 

5. Somewhat good 

6. Good 

7. Very good 

 

5. Thinking of the past few weeks, how often has your job made you feel?  
 

a. Relaxed 

b. Calm 

c. Contented 

d. Tense 

e. Worried 

f. Uneasy 

1. All the time 

2. Most of the time 

3. Some of the time 

4. Occasionally 

5. Never 

     

 

6. To what extent does your job provide you with the opportunity to: 
 

a. Use all of the skills, talents and abilities you possess on a regular basis? 

b. Develop new knowledge and learn new skills? 

c. Improve on the skills and abilities you possess? 

d. Apply your skills, knowledge and abilities to the job in the way you think is best? 

e. Use skills and abilities which others regard as important and valuable? 

f. Use a variety of your skills, talents and abilities each day? 

 

 1. Not at all 

 2. Just a little 

 3. A moderate amount 

 4. Quite a lot 

 5. A great deal 
 

 

7. In the last 12 months, did you receive new or special training on the adoption and 

implementation of advanced manufacturing technologies?  
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1. None 

2. Very little 

3. Some 

4. Quite a bit 

5. A great deal 

 

 

8. To what extent do you agree with the following statements?  

a. I find myself working faster than I would like in order to complete my work 

b. I am under constant pressure at work 

c. I find that work piles up faster than I can complete it 

 

1. Strongly disagree 

2. Disagree 

3. Somewhat disagree 

4. Neither agree nor disagree 

5. Somewhat agree 

6. Agree 

7. Strongly agree 

 
 

9. Did you experience the following practices in your job over the last 12 months? 
 

o. Job rotation 

p. Broadly designed or flexible job description 

q. Team briefing 

r. Team-building exercises 

s. Involvement in problem-solving groups 

t. Individual performance appraisal 

u. Individual merit pay 

v. Self-managing team 

w. Team-based pay 

x. Plant-wide meetings between management and the workforce 

y. A consultative committee to discuss plant or workforce issues 

z. Profit sharing based on plant performance 

aa. A good level of employment security 

0. No 

1. Yes 

  
 

10. Over the period of the last 12 months, please indicate how often you were involved in the 

decision-making process for the following: 

a. Your methods of work 
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b. Adoption of new technologies 

c. Your pace of work 

d. Your quality of work 

e. Your work schedule or roster 

 

1. Never 

2. Very rarely 

3. Rarely 

4. Occasionally  

5. Frequently 

6. Very frequently 

7. Always 
 

 

General Questions 
 

11. Are you? 

1. Male 

2. Female 

3. Gender diverse 

 

12. Please indicate your age 

( ):  

Scale bar 

 

13. What country do you work in? 

( ): 

Drop-down box 

 

14. What is your highest qualification?  

1. No formal qualification 

2. High (secondary) school diploma  

3. Technical qualification or apprenticeship 

4. University degree 

 

 

15. What is your job title? 

( ): 

 

 

16. How long have you been with your current employer? 

( ): 

Scale bar 

 

17. Over the last 12 months, when your workplace was running normally, how many hours per 

week did you work on average? Please include regular time and any overtime. 

( ):  

Scale bar 

 

 

18. Over the last 12 months, what is the full-time equivalent number of employees in  
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a. Your workplace or plant ( ): 

b. Your organisation overall ( ): 

Scale bar 
 

 

 

19. Does management at your workplace recognise any trade union(s) for the purposes of 

negotiating employees’ pay and conditions of employment? 
 

a. Yes ( ): 

b. No ( ): 

 

20. Are you currently a member of a trade union? 
 

a. Yes ( ): 

b. No ( ): 

 

21. What is the age of the plant where you work?  

a. 1 – 10 years 

b. 11 – 20 years 

c. 21 – 30 years 

d. 31 – 40 years 

e. 41 – 50 years 

f. 51 years and above  

( ):  

 
 

22. In which manufacturing subsector does your plant operate? 

1. Food and beverage 

2. Wood and paper 

3. Chemicals and refining 

4. Plastics and rubber 

5. Metal and metal products 

6. Machinery and equipment  

7. Electronics 

8. Other manufacturing 
 

 

 

 

 

Thank you for completing this survey on advanced manufacturing technologies and skills, your 

time is appreciated. If you would like to participate in further research with us, please get in touch 

– we are keen to hear from you. 
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Approved by the University of Auckland Human Participants Ethics Committee on 03/04/2020 for 

three years. Reference number 020249 

 

 

Appendix B: Participant Information Sheets 

 

I: Survey of New Zealand Manufacturers 

                                                                              

 

Department of Management and International Business 

Level 4, Owen G. Glenn Building 
12, Grafton Road Auckland 

Telephone: +64 9 373 7599  
The University of Auckland 

Private Bag 92019 

Auckland 1142 
New Zealand 

 

PARTICIPANT INFORMATION SHEET – CEO/GENERAL/PLANT MANAGER 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

Project title: Manufacturing & Skills 

Supervisors: Professors Peter Boxall & Mark P. Taylor 

Researcher: Adebayo Adeniji 

The Manufacturers’ Network: Kieran Ormandy 
 

Researcher Introduction 

You are invited to participate in a study jointly conducted by The Manufacturers’ Network and 

Professor Peter Boxall and Adebayo Adeniji, a doctoral student in the departments of Management 

and International Business and Chemicals and Materials Engineering of the University of Auckland. 
 

This Project 

The research is focused on investigating skill trends and work practices in manufacturing companies. 

It aims to identify which technologies manufacturers are adopting and how these are affecting 

current and projected skill needs and the management of the workforce.  The results will be of great 

interest to manufacturing industry, to government, and to the education sector.  
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Invitation to Participate 

You are invited to participate in this study as your company is currently manufacturing in New 

Zealand and you are the CEO or general manager responsible for the operations of a manufacturing 

plant. Participation is entirely voluntary, and you may decline this invitation to be a part of the 

research. Please be aware, however, that your completion and submission of the online 

questionnaire constitutes consent to participate in the study. 
 

Project Procedures 

Your participation in the research involves completing an online questionnaire. The questions asked 

relate to the introduction of manufacturing technologies and their impact on current and future skill 

needs, investments, and management and training practices. It should take approximately 30 

minutes to complete, and you are free to consult other management staff if you encounter questions 

for which you lack definite answers. You can exit and return to the survey any time before 

submission. Please note that because the questionnaire is anonymous, a single reminder will be 

sent to all email addresses in the database, even if you have already completed the survey. You 

may also be contacted by phone as a follow-up. 
 

 

Data Storage, Retention and Future Use 

Aggregate data from the questionnaire, and conclusions from its analysis, will be used as a basis 

for future advocacy on manufacturers’ skills needs, will be reported to the NZ government’s Future 

of Work programme, and will provide input to a PhD thesis and academic articles. The original data 

will be stored in separate encrypted files on a university-allocated Google drive for the period of the 

research, and then be transferred to access-restricted storage in the keeping of the department of 

Management and International Business, University of Auckland. The data, with your approval, will 

be retained and made available for possible future research. The dataset will be archived along with 

the thesis in the University of Auckland’s Research Repository. 
 

 

Anonymity 

The questionnaire is anonymous, which means there is nothing linking your email address to any 

response you may provide. To fully guarantee your anonymity, the website hosting the 

questionnaire confirms that no IP address detail will be collected or tracked while you complete the 

questionnaire. We assure you that all data and information provided from you will be treated with 

utmost care, and only the individuals named above will have access to or use the data and results.  
 

Funding 

None of the University of Auckland researchers has received funding or any form of financial support 

from any external source. The Manufacturers’ Network is receiving funding from the Future of Work 

Tripartite Forum to undertake this research. 

 

Contact details 
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Student Researcher name 

and contact details 

Supervisors’ names and 

contact details 

Head of Department name 

and contact details 

Name: Adebayo Adeniji 

Email: 

a.adeniji@auckland.ac.nz 

Name: Professor Peter Boxall 

Email: p.boxall@auckland.ac.nz 

Phone: 09 373 7599 Ext. 87355 

 

Name: Professor Mark P. Taylor 

Email: 

mark.taylor@auckland.ac.nz 

Phone: 09 373 7599 Ext. 83878 

Name: Professor Kenneth 

Husted 

Email: 

k.husted@auckland.ac.nz 

Phone: +64 9 923 6829 

 

For any queries regarding ethical concerns, you may contact the Chair, The University of Auckland 

Human Participants Ethics Committee, The University of Auckland, Research Office, Private Bag 

92019, Auckland 1142. Telephone 09 373-7599 ext. 83711. Email: ro-ethics@auckland.ac.nz. 

 

Approved by the University of Auckland Human Participants Ethics Committee on 07-Feb-2019. 

Reference number 020249. 
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II: International Survey of Manufacturing Workers 

                                                                               

Department of Management and International Business 
Level 4, Owen G. Glenn Building 

12, Grafton Road Auckland 
Telephone: +64 9 373 7599  

The University of Auckland 
Private Bag 92019 

Auckland 1142 

New Zealand 
 

PARTICIPANT INFORMATION SHEET – Manufacturing Employee 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

Project title: Manufacturing & Skills 

Supervisors: Professors Peter Boxall & Mark P. Taylor 

Researcher: Adebayo Adeniji 
 

Researcher Introduction 

You are invited to participate in a study conducted by Professors Peter Boxall and Mark P. Taylor 

and Adebayo Adeniji, a doctoral student in the departments of Management and International 

Business and Chemicals and Materials Engineering of the University of Auckland. 
 

This Project 

The research is focused on investigating skill trends and work practices affecting manufacturing 

employees. It aims to identify the extent of digitalisation in their jobs, the technologies in use and 

how these affect skill utilisation and involvement in decision-making.  The results will be of great 

interest to manufacturing industry, to government, and to the education sector.  

Invitation to Participate 

You are invited to participate in this study as you are currently employed within the manufacturing 

industry. Your participation is entirely voluntary, and you may decline this invitation to be a part of 

the research. Please be aware, however, that completion and submission of the online questionnaire 

constitutes consent to participate in the study, and to have any data you provide used for future 

research. 
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Project Procedures 

This research involves completing an online questionnaire that may take up to 12 minutes. The 

questions asked relate to the technologies currently used in your job and your working conditions 

and experience. You will be paid at the rate of NZD20.46 (£10.00) per hour on completing the 

survey, and Prolific, your hosting platform, will transfer the reward to your PayPal account. Please 

note that the maximum payment you can receive is for 12 minutes (£2.00).  
 

 

Data Storage, Retention and Future Use 

Aggregate data from the questionnaire, and conclusions from its analysis, will provide input to a 

PhD thesis and academic articles. The original data will be stored in separate encrypted files on a 

university-allocated Google drive for the period of the research, and then be transferred to access-

restricted storage in the keeping of the Department of Management and International Business, 

University of Auckland. The data, with your consent, will be retained and made available for possible 

future research. The dataset will be stored indefinitely and archived along with the thesis in the 

University of Auckland’s Research Repository. 
 

 

Right to Withdraw from Participation, and to Edit or Withdraw Data 

You have the right to withdraw from participation without giving a reason any time before submitting 

the questionnaire. After submission, however, due to the nature of the anonymous questionnaire, 

the data you provide cannot be withdrawn. 

 

Anonymity  

The questionnaire is anonymous, which means there is nothing linking your email address to any 

response you may provide. To fully guarantee your anonymity, the website hosting the 

questionnaire confirms that no IP address detail will be collected or tracked while you complete the 

questionnaire. We assure you that all data and information provided from you will be treated with 

utmost care, and only the individuals named above will have access to or use the data and results.  

 
 

Funding 

None of the University of Auckland researchers has received funding or any form of financial support 

from any external source.  

 

Contact details 

Student Researcher name 

and contact details 

Supervisors’ names and 

contact details 

Head of Department name 

and contact details 

Name: Adebayo Adeniji 

Email: 

a.adeniji@auckland.ac.nz 

Name: Professor Peter Boxall 

Email: p.boxall@auckland.ac.nz 

Phone: 09 373 7599 Ext. 87355 

 

Name: Professor Mark P. Taylor 

Name: Professor Kenneth 

Husted 

Email: 

k.husted@auckland.ac.nz 

file:///C:/Users/dyrun/Google%20Drive/Ethics/a.adeniji@auckland.ac.nz
mailto:p.boxall@auckland.ac.nz
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Email: 

mark.taylor@auckland.ac.nz 

Phone: 09 373 7599 Ext. 83878 

Phone: +64 9 923 6829 

 

For any queries regarding ethical concerns, you may contact the Chair, The University of Auckland 

Human Participants Ethics Committee, The University of Auckland, Research Office, Private Bag 

92019, Auckland 1142. Telephone 09 373-7599 ext. 83711. Email: humanethics@auckland.ac.nz. 

 

Approved by the University of Auckland Human Participants Ethics Committee on 03-04-2020. 

Reference number 020249. 

 

Appendix C: Email Invitation Script 

 

I: Survey of New Zealand Manufacturers 

 
Manufacturing & Skills (‘Skills Shift’) – Online Questionnaire Request 

Dear……. 

The Manufacturers’ Network is working with the Government’s Future of Work Commission to study 

the ‘Skills Shift’ in our manufacturing industry. The aim of this research is to gain a better 

understanding of current skills needs (and shortages) in manufacturing, and how these are expected 

to change in the future (we’ve chosen 2025 as a marker), mainly driven by the introduction of new 

manufacturing technologies. This will be paired with research into the tertiary sector’s response to 

these demands. The goal is to inform the Government, as well as manufacturers and the tertiary 

sector, on the changes required to our training and education system to address changes in 

manufacturers’ demands.  

A core part of this research is surveying a wide range of New Zealand manufacturers through an 

online survey – for that we need help and input from manufacturers like you.  

I would like to request that you complete the following online survey, which is relatively 

comprehensive and will take around 30 minutes. The survey includes questions on current and 

future skills needs, investment in technology, management, and training practices as well as general 

questions. 

Please forward this email if you believe another person within your business is better suited to 

complete the survey. The link below will take you to the website for the questionnaire, where you 

will see the participant information sheet and the survey. You can exit and return to the survey any 

time before submission. A copy of the participant information sheet is attached to this email, so you 

can download and save it if you wish.  

  

CLICK HERE TO TAKE THE SURVEY 

 

All responses are anonymous, and there is nothing that can link you or your company to the data 

you will provide. However, this means you will get a second email and, possibly, a phone call, from 

us reminding you to take part in the survey. Please ignore the reminder if you have already 

participated in the survey. The survey has been jointly developed with Professor Peter Boxall and 

mailto:mark.taylor@auckland.ac.nz
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Adebayo Adeniji of the University of Auckland Business School. Please be aware that apart from 

forming the basis for our future advocacy work to alleviate skills shortages in manufacturing, the 

aggregate results from this survey will be used to support a PhD thesis as well as academic 

publications.  

 

Kind regards 

K. Ormandy 

The Manufacturers’ Network 

 

Approved by the University of Auckland Human Participants Ethics Committee on 27-Nov-2017 for 

three years. Reference number 020249. 

II: International Survey of Manufacturing Workers 

 

Manufacturing Worker – Online Questionnaire Request 

 

Dear……. 

This study seeks to ask workers in the manufacturing sector about the technologies currently used 

in their jobs and their working conditions and experiences.  

We are seeking 300 manufacturing employees from various parts of the world to participate in the 

study through a 12-minute online survey. Your participation is entirely voluntary, and you will be 

paid at the rate of NZD20.46 (£10.00) per hour to complete the survey.  

The link below will take you to the website for the questionnaire, where you will see the participant 

information sheet and the survey. You can exit and return to the survey any time before submission. 

A downloadable copy of the participant information sheet is available for you to save and keep if 

you wish.  

  

 

CLICK HERE TO TAKE THE SURVEY 

 

 

All responses are anonymous, and there is nothing that can link you to the data you will provide. 

Please be aware that the aggregate results from this survey will be used to support a PhD thesis as 

well as academic publications.  

 

Kind regards 

A. Adeniji, P. Boxall, M.P. Taylor 

 

Approved by the University of Auckland Human Participants Ethics Committee on 03-04-2020 for 

three years. Reference number 020249. 
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