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This study examines how digital transformation (DT) shapes employee experience in the 

manufacturing sector through changes in work characteristics and well-being. Although DT 

is often linked to efficiency, its effects on employees remain complex. Using the Job 

Demands-Resources (JD-R) model and Industry 5.0 human-centric principles, this literature 

review analyzes DT in terms of digital job demands, job resources, and personal resources. 

Findings show that DT increases job demands such as technostress, cognitive overload, 

workflow misalignment, and automation-related anxiety, which may trigger the 

health-impairment process. At the same time, DT generates job resources, including digital 

upskilling, improved communication networks, and participatory design, that activate the 

motivational pathway. Personal resources (digital self-efficacy and adaptability) and 

organizational moderators (leadership support and digital climate) further shape employee 

responses. The study proposes a JD-R-based assessment framework to help manufacturing 

companies evaluate and implement human-centric digital initiatives that align technological 

progress with employee well-being.  
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1. Introduction 

1.1   Background 

Nowadays, digital transformation (DT) is one of the most prominent agents of organizational 

change in modern organizations, impacting how production systems, work processes, and 

employee positions are carried out. Broadly defined, digital transformation refers to a 

process where digital technologies create disruptions, triggering strategic responses from 

organizations, which seek to alter their value-creation paths while managing the structural 

changes and organizational barriers that arise (Vial, 2019). Digitalization in manufacturing 

is not merely a new technology upgrade, but rather a transformation of how employees 

organize information and carry out workflows (Nadkarni & Prügl, 2021). Digitalization 

entails the technical activity of transforming analog data into digital formats, whereas DT 

constitutes a more exact socio-technical transition comprising deep changes in 

organizational culture, employee functions, and psychological condition at work. Becoming 

more digital involves new expectations for workers and the need to develop competencies, 

making a human-centric perspective essential for understanding organizational success 

(Schneider & Sting, 2020). The increasing importance of the human aspect of DT magnifies 

the need to research employee experience to better understand its impact on organizational 

success. 

As manufacturing companies move from Industry 4.0, which was primarily centered on 

automation and efficiency driven by large data, into the next generation Industry 5.0, which 

complements the Industry 4.0 paradigm by highlighting research and innovation as drivers 

for a transition to a sustainable, human-centric, and resilient industry. People-centeredness 

is becoming more imperative than ever before (Breque et al., 2021). In the context of this 

study, transitioning to human-centric represents DT in manufacturing at its core, from a pure 

technical optimization to the integration of human needs. Modern-day studies advocate that 

technology be developed in a way that meets the health and wellness needs of the employee 

as well as meaningful engagement within their job role (Cimino et al., 2025). With this DT, 

besides productivity, manufacturing organizations have experienced changes in cognitive 

loads, emotional experiences, and developmental opportunities (Çini et al., 2023; Xiong et 

al., 2023). Therefore, getting a holistic view of employee experience, not only from the lens 
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of stress-inducing forces but also supportive structures, will enable manufacturing 

companies to implement transformations that would allow employees to flourish. 

1.2   Problem statement 

Although DT is widely studied, there is still more to know about its impact on employees, 

both positive and negative. For instance, some research indicates that DT can enhance 

worker autonomy, provide greater flexibility, and facilitate new skill acquisition (Parida et 

al., 2019; Schneider & Sting, 2020). On the other hand, existing literature remains 

fragmented and concentrates only on either the efficiency of technology or the perspective 

of an overbearing manager. Due to this disconnection, employees' experiences are under-

represented in current empirical studies (Gheidar & ShamiZanjani, 2020; Nadkarni & Prügl, 

2021). Specifically, there is a lack of understanding regarding who is digitally stressed and 

at the same time requires resources, who are most affected through their work being changed 

by technology in a major way (Orso et al., 2022). Also, technological changes are not always 

the best fit with work habits, which may lead to frequent disruptions in work processes, 

unnecessary redoing of tasks, and higher stress levels due to overuse of technology (Çini et 

al., 2023; Orso et al., 2022). The central problem is that these organizations in the 

manufacturing sector are quite often rolling out digital solutions without a thorough 

understanding of the employees’ journey, thus ignoring the tacit knowledge and creating 

situations in which the focus is more on the production of goods rather than the satisfaction 

of employees (Schneider & Sting, 2020). Therefore, it becomes highly necessary to look at 

DT not only from the perspective of the advantages it brings but also the challenges it poses 

if we want to have a successful and human-centered transformation. 

1.3  Purpose of the study 

Digital employee experience (DEX) in DT gives an overall impression that an employee 

forms about their work setting, culture, and digital tools during organizational change 

(Plaskoff, 2017). If manufacturing companies want to succeed with digital technology, they 

need to focus on employee experience because it is not the technology itself that will 

determine success, but how well the workers will be able to adapt to and make good use of 
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these new systems. A bad experience might cause employees to resist change and become 

fatigued, whereas a great employee experience will have them engaged and productive over 

time. Hence, the current research intends to investigate technology-based employee 

experiences through the job demand-resource (JD-R) framework to facilitate a more human-

centered DT of manufacturing companies (Bakker & Demerouti, 2007; Demerouti et al., 

2001). 

The JD-R framework offers a clear division of digital impacts into job demands or resources, 

which makes it a good tool to study how these changes affect employee health, happiness, 

and motivation. 

The study aims to achieve this purpose by: 

 Identifying the specific technology-related demands and resources that influence 

employee experience within manufacturing. 

 Analyzing the interplay between specific digital job demands (such as technostress 

and cognitive overload) and job resources (such as digital upskilling and a supportive 

digital climate) through the JD-R model to understand the impact of these factors on 

employee experience and well-being. 

 Developing a JD-R-based assessment framework for evaluating digital initiatives 

based on the identified demands and resources. 

This research provides a structured understanding of how psychological theories apply to 

digital industrial environments. By bridging the gap between technical design and worker 

well-being, the study offers a balanced perspective on human-centric manufacturing. 

1.4   Research questions 

To fulfil the research aim of gaining a deeper understanding of human-centric transformation 

in manufacturing, this study addresses a main research question and two secondary questions 

that support it. Taking the employee experience as the central unit of analysis of the research, 

the study attempts to connect the human side of well-being with the typical technical side of 

implementation by using the JD-R model. 

Main Research Question: 
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How is the employee experience shaped during DT within manufacturing environments? 

Sub-question 1: 

What are the key technology-related demands and resources that influence employee 

experience in the manufacturing sector? 

Sub-question 2: 

How can these demands and resources be systematically evaluated to assess the human-

centricity of digital initiatives?  

1.5      Significance of the study 

This study offers theoretical and practical implications for industrial management. Firstly, it 

helps in applying the JD-R model as a theoretical lens in the specific setting of DT and 

Industry 5.0. Therefore, it analyzes the employee experience holistically on the equilibrium 

of digital demands and resources.  

Secondly, the paper synthesizes separate literature research on technostress (Ragu-Nathan et 

al., 2008), digital climate (Ziv Avtalion et al., 2025), human-machine collaboration (Xiong 

et al., 2023), and resistance to change (Orso et al., 2022) into a coherent structure. By placing 

these separate elements in the JD-R framework, the paper provides a more comprehensive 

insight into how technological changes influence worker performance and well-being.  

Lastly, the paper suggests a human-oriented assessment framework for manufacturing 

companies as a practical assessment tool, based on the manufacturing literature, that helps 

practitioners to evaluate digital projects and to detect and prevent potential adverse effects 

on employees, even at the stage of planning and implementation. This study contributes by 

integrating fragmented research into a unified JD-R-based framework tailored to 

manufacturing, with a focus on evaluating human-centric DT. 

1.6      Structure of the thesis 

The study consists of six interconnected chapters, which present an approach to achieve the 

research objectives. The first chapter of the study establishes the research foundation by 
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describing the problem and the study's importance, and the research objectives that the study 

will accomplish. Chapter 2 presents an extensive literature review that examines employee 

experience and DT research through the JD-R model research framework. Chapter 3 

describes the research methodology through its explanation of the literature synthesis 

process, which developed the assessment framework criteria. The study's main results appear 

in Chapter 4, which studies how DT affects manufacturing workers by dividing recognized 

effects into three categories: digital job demands, job resources, and personal resources. This 

analysis directly informs Chapter 5, which introduces the proposed JD-R-based framework 

for human-centered evaluation. The chapter provides a critical discussion of the framework's 

theoretical and practical implications because it shows how organizational moderators 

enable organizations to connect their digital projects to the human-centric values of Industry 

5.0. The study reaches its final point in Chapter 6, which presents the main research findings 

and describes the study limitations while offering future research recommendations. 
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2   Literature review 

2.1     Digital transformation in manufacturing: From Industry 4.0 to Industry 5.0 

DT is a large organizational change through which digital technologies are embedded in 

business processes, resulting in changes to value creation, business models, and 

organizational structures (Vial, 2019; Nadkarni & Prügl, 2021). It is not just about getting 

the latest technology, but a wider socio-technical process where changes in technology and 

human factors go hand in hand. This transformation changes the way work is done and the 

way employees interact with digital systems. Manufacturing, in this broader setting, is the 

main focus of DT, especially since the introduction of Industry 4.0 and now Industry 5.0. 

In manufacturing, DT signifies a thorough merging of cutting-edge digital technologies such 

as automation, cyber‑physical systems, real‑time analytics, and interconnected machinery 

into production operations to change the way value is fundamentally created and delivered 

(Schneider & Sting, 2020). The initial efforts to establish DT in manufacturing mainly 

depended on the Industry 4.0 idea that emphasized the technology efficiency, machine 

interconnection, and process optimization through the Internet of Things. In this context, 

technology was seen as the main influencer of productivity increase, and the human roles 

were expected to change naturally as the systems became more automatic. 

Still, this purely technology-centred approach has been criticised extensively for presenting 

a technological determinist view, a view that assumes that digital adoption will automatically 

result in better organisational outcomes. Such thinking fails to consider the differences in 

how humans behave toward technology and the limitations of manufacturing environments. 

Several studies show that through automation, human employees may become less 

necessary, their freedom may be diminished, and in fact, their psychological stress may be 

raised if digital tools are introduced without sufficient awareness of human needs (Xiong et 

al., 2023). On the other hand, Schneider & Sting (2020) stated that since digital tools largely 

change the way work is done directly, they have to be upgraded by human beings 

continuously. Hence, the impact of technological changes should not be assessed solely 

based on production statistics. 
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Industry 5.0 came about as a direct outcome of these limitations, radically altering the nature 

of human-technology interaction. The production model of this new industrial era is deemed 

to be environmentally friendly, robust, and centered on humans, where the role of 

technological progress is to empower human abilities not to replace them (Cimino et al., 

2025). In contrast to the machine-centric Industry 4.0, Industry 5.0 adds a human touch to 

the industrial change by concentrating not only on the welfare of people but also on their 

ability to perform creative work and their potential for change. Actually, employees are 

considered the most precious capital due to their mental abilities, which can complement the 

precision and speed of machines (Xiong et al., 2023). 

Industry 5.0 offers a deeply human-centered understanding, yet many researchers point out 

that it is still more normative than backed by solid empirical evidence. A lot of existing 

writing so far characterizes Industry 5.0 as a framework for aspirations rather than a fully 

developed industrial scenario, which means that its concepts, such as human-machine 

symbiosis or the improvement of workers' well-being, have not yet, on the whole, been 

verified in the real world. This critique draws attention to the urgency of research that 

investigates how human centricity is really perceived by employees during DT. 

Nevertheless, most of the existing work is still theoretical and there is hardly any empirical 

proof showing how these human-centered principles are implemented. 

This shift in thinking led researchers to view DT not only as a technological upgrade but as 

a socio-technical transformation in which human, organizational, and cultural dimensions 

are inseparable from technological change. This is why the assessment of a DT should 

consider the modifications it brings to employees' work tasks, their experiences and well-

being, three fundamental decision-making aspects, and whether such a transformation is 

aligned with the human-centric perspective of Industry 5.0. 

Since DT not only changes production systems but also everyday work cultures, it therefore 

has a significant impact on the way employees use digital equipment, handle their 

information flows, and perceive their work setting. As a result, understanding the human 

side of DT requires examining the DEX. DEX provides a lens for assessing whether digital 

initiatives support or hinder workers’ well-being, autonomy, and performance, making it a 

crucial concept for evaluating whether DT aligns with the human-centric aspirations of 

Industry 5.0. 
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 2.2    Digital employee experience in manufacturing 

DEX is a term that refers to the overall thoughts and feelings of employees towards their 

digital tools, systems, and company practices with which they interact during their work 

(Gheidar & ShamiZanjani, 2020). DEX is not only the physical aspects of working with 

digital environments, such as software, hardware, and user interfaces, but also the less 

tangible aspects of digital workflows, communication, and organizational culture. In this 

way, it captures the entire employee experience through digital touchpoints. 

In manufacturing, the term DEX has a highly specialized meaning. It is because shop-floor 

work is characterized by the physical, time-sensitive, and safety aspects. Workers frequently 

move between stations, performing their tasks within a strict cycle time, and rely on live and 

perfectly accurate information to keep production continuing (Orso et al., 2022). Digital 

tools that are out of sync with these realities, for example, asking for a lot of manual data 

entry while the worker is doing very fast tasks, are creating digital friction. Digital friction 

is defined as a situation where the digital system requirements are not compatible with the 

limitations of physical work. This increases cognitive load, reduces work continuity, and 

leads to fatigue and frustration. 

DEX is additionally influenced by the digital environment, which refers to employees' 

collective perception of their organization's support for digital tool usage via training, 

communication from leaders, and provision of technical help (Ziv Avtalion et al., 2025). A 

robust digital climate can significantly build trust, minimize ambiguities, and even motivate 

staff to embrace new technological tools. In contrast, a weak digital environment may lead 

to stress, reluctance, and a general feeling of being overwhelmed by technology. Poor digital 

employee experience not only affects daily productivity but may also reduce job satisfaction 

and increase turnover intention, which is particularly critical in manufacturing, where skilled 

labour is increasingly scarce (Bakker & Demerouti, 2007; Ragu-Nathan et al., 2008; Ziv 

Avtalion et al., 2025). 

In the context of Industry 5.0, DEX becomes a critical indicator of whether DT is genuinely 

human‑centric. Even highly advanced technologies cannot be considered successful if they 

diminish workers’ well‑being or create barriers to effective task performance. Thus, 

understanding DEX is essential for evaluating the human impact of digital initiatives in 

manufacturing. 
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2.3    The job demands-resources (JD-R) model 

The JD-R model provides a comprehensive framework for understanding how different 

aspects of work influence employee well‑being, motivation, and performance (Bakker & 

Demerouti, 2007). The model categorizes job characteristics into two broad groups: job 

demands and job resources. 

Job demands are aspects of work that require sustained effort and are associated with 

physiological or psychological costs. The requirements for work can include workload 

levels, time pressure, emotional demand, and the complexity of digital interfaces. 

Job resources refer to aspects of work that support employees' attainment of their objectives, 

mitigate demands on them at work, or provide opportunities for individual growth and 

development (e.g., providing autonomy, social support, training, and access to effective 

digital tools). 

The structure of these relationships is illustrated in Figure 1, which presents the core 

components of the JD-R model and the dual pathways through which demands and resources 

influence employee outcomes. 

 

 

Figure 1. The job demands-resources (JD-R) model (Bakker and Demerouti, 2007). 
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The figure illustrates the health-impairment and motivational processes proposed in the 

JD-R framework, showing how job demands and resources influence employee outcomes. 

 

The JD-R model works through two key psychological processes: 

Health-Impairment Process — The excess demands placed on one's job will deplete the 

employee's overall mental and physical energy, leading to exhaustion and/or burnout. 

Motivational Process — Job resources can promote employee engagement, motivation, and 

performance. 

The JD-R model originally distinguishes between job demands and job resources (Bakker & 

Demerouti, 2007). However, later developments of the model introduced personal resources 

as an additional component, referring to individuals’ psychological capacities to influence 

their environment and cope with demands (Xanthopoulou et al., 2007). 

The JD-R model incorporates personal resources, which are the psychological characteristics 

related to an individual’s sense of ability to control and impact their environment 

successfully (Xanthopoulou et al., 2007). In the context of DT, this study focuses specifically 

on digital self-efficacy, the confidence in one's ability to use new technologies, and 

resilience, which refers to the capacity to adapt to changing work requirements and recover 

from the stressors of technological disruption. These personal resources are critical because 

they influence how employees perceive digital job demands and determine the extent to 

which they can effectively utilize available job resources to maintain well-being. In this 

context, the suitability of the JD-R model becomes particularly evident. 

The JD-R model is well-suited for research on DT as it can clearly represent the variety and 

changes of digital work. DT leads to increased demands (e.g. cognitive overload and 

workflow disruptions) as well as new resources (e.g. automation and digital skills training) 

that a dual-model approach for understanding employee results. Contrary to technology-

specific models, the JD-R framework does not focus on a single system only, but it reflects 

how the changes brought by digital technology affect the overall conditions, motivation, and 

well-being of workers. Therefore, it is a highly appropriate theoretical approach for studying 

the human side effects of DT in manufacturing. 
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In line with the flexible application of the JD-R framework (Bakker & Demerouti, 2017), 

this study categorizes digital job demands into three primary dimensions: quantitative (e.g., 

intensification of workload), task-related (e.g., misalignment in workflow), and 

psychological (e.g., automation anxiety). Similarly, job resources are classified into tasks 

(e.g., automation of routine tasks), social (e.g., communication systems), and developmental 

(e.g., upskilling) resources. This classification provides a structured framework for assessing 

the DEX in the manufacturing industry. To ensure analytical clarity, the categorization of 

digital demands is further justified. 

The selection of these three dimensions is based on the fact that, according to manufacturing 

and technostress literature, these are the main ways in which digital technologies impact 

work. Quantitative demands represent the intensification of workload; task-related demands, 

the breakdown of workflows and coordination; while psychological demands, the emotional 

and cognitive stresses, such as uncertainty and fear of automation. In combination, they offer 

a thorough yet organized method for integrating varied results in DT studies. In the same 

way, job resources are divided into task (e.g., automation of routine tasks), social (e.g., 

communication systems), and developmental (e.g., upskilling) resources. 

The JD-R model, while providing a powerful explanation and adaptability, is still not without 

its flaws; its general framework could potentially simplify the intricate digital interactions 

in manufacturing settings excessively, and it doesn't naturally identify the most impactful 

demands or resources in certain contexts like manufacturing. Besides, the model generally 

considers demands and resources as quite independent; however, in digital systems, they 

might be interacting in complex and non-linear ways. Recognizing these shortcomings is 

crucial; hence, this research uses the JD-R model but in a way that is true to the actual 

conditions of shop-floor work. 

While the JD-R model is traditionally structured around job demands and job resources, this 

study adopts an extended perspective by explicitly incorporating personal resources and 

distinguishing organizational moderators as contextual conditions that influence how 

demands and resources interact. 
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 2.4    Summary of Literature 

The current chapter looks at the history of DT in Manufacturing, as well as the DEX and the 

JD-R model to explain employee well-being in digital environments.  Whereas Industry 4.0 

was seen as a technological transformation, Industry 5.0 views transformation as a social 

process aimed at improving the human experience at work.  DEX is a significant indicator 

of the extent to which digital initiatives support employees or create additional hardships. 

The JD-R model provides an excellent overall perspective that describes how these digital 

demands (such as technostress, cognitive overload, and automation anxiety) and digital 

resources (such as autonomy, supportive digital climate, and participatory design) affect 

employee outcomes. However, while the JD-R model is relevant to understanding 

manufacturing environments, it has not yet been extensively applied to manufacturing 

research, especially within shop-floor environments that are marked by high levels of 

physical mobility, time pressure, and tightly coupled workflows. 

Many academic publications investigating digital demands and resources tend to do so 

individually, which leaves the relationship between them and their influence on well-being 

and engagement inadequately explored. Additionally, although the aims of Industry 5.0 are 

oriented towards humans, there is a lack of existing empirically based and contextually 

appropriate frameworks that identify the interactions between digital demands/resources as 

they exist within boundaries found in the manufacturing industry. 

This thesis fills these gaps by creating a JD-R-based assessment framework that reflects the 

actual realities of manufacturing work. The study takes existing, fragmented findings and 

creates a unified framework or model for evaluating the human side of the impact of digital 

transformation on organizations and helping organizations move toward human-centric 

digital practices. 
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3   Methodology 

This thesis is a qualitative literature review, and its main goal is to combine the existing 

academic literature on the impact of DT on employee experience in manufacturing 

environments. Since the research does not involve gathering primary empirical data, the aim 

of the methodology is to clarify the process of literature selection, organization, and analysis 

that led to the development of the JD-R-based assessment framework. 

3.1    Research approach 

This research adopts a narrative literature review and an integrative literature review method. 

This method is very appropriate for research that wants to synthesize different views from 

the literature and create a conceptual understanding of a phenomenon. This approach is 

appropriate for this thesis because research on DT, employee experience, technostress, and 

the JD-R model is dispersed across multiple fields, and no unified framework currently exists 

for manufacturing. 

The review is not a full systematic literature review protocol. Instead, it uses a structured but 

flexible search and synthesis process, allowing the integration of diverse theoretical and 

empirical contributions. 

3.2    Literature search strategy 

The literature search focused on peer-reviewed academic publications relevant to: 

 digital transformation in manufacturing, 

 employee experience and well-being, 

 job demands and job resources, 

 technostress and digital work design, 

 Industry 4.0 and Industry 5.0. 
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Search was conducted using Scopus, Google Scholar, and LUT Primo, which provide broad 

coverage of industrial engineering, management, and organizational psychology. Search 

terms included combinations of: 

 “digital transformation”, “Industry 4.0”, “Industry 5.0.” 

 “manufacturing”, “industrial work”, “shop floor.” 

 “employee experience”, “technostress”, “job demands”, “job resources”, “JD-R 

model.” 

The search was conducted in early 2026. No strict publication year limit was applied; 

however, most relevant studies were published between 2015–2025, reflecting the rise of 

Industry 4.0 and 5.0 research. 

3.3     Selection of literature 

The selection process was guided by relevance, not by rigid systematic criteria. Studies were 

included if they: 

 examined DT or digital technologies in work settings, 

 discussed employee outcomes such as stress, well-being, engagement, or skill 

requirements, 

 related to manufacturing or comparable industrial environments, 

 contributed conceptually to understanding job demands, job resources, or personal 

resources. 

Studies focusing purely on technical engineering solutions without human implications were 

excluded. 

The final body of literature consisted of peer-reviewed journal articles, conceptual papers, 

and empirical studies that collectively provided a broad view of digital impacts on 

employees. 
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3.4     Analytical process 

The analysis followed a concept-driven qualitative synthesis guided by the JD-R model. The 

process involved three steps: 

1. Reading and extracting key insights, each selected publication was reviewed to 

identify how DT affects employees, positively or negatively. 

2. Organizing findings using the JD-R categories, extracted insights were grouped into: 

 digital job demands (e.g., technostress, cognitive load), 

 digital job resources (e.g., training, autonomy, communication), 

 personal resources (e.g., digital self-efficacy, adaptability). 

3. Integrating themes into a conceptual framework, the categorized findings were 

combined to develop the JD-R–based assessment model presented in Chapter 5. The 

model reflects how demands, resources, and personal factors interact during digital 

transformation in manufacturing. 

3.5     Ensuring trustworthiness 

To enhance the credibility of the review: 

 Only peer-reviewed academic sources were used. 

 The JD-R model provided a consistent analytical structure, reducing subjective 

interpretation. 

 Concepts were compared across multiple studies to ensure coherence and avoid 

relying on single-source claims. 

Because the study is conceptual, trustworthiness is based on clarity, transparency, and 

theoretical consistency rather than empirical reliability measures. 
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4   Findings: A JD-R perspective on digital transformation 

This chapter presents the findings of the literature synthesis by examining how DT shapes 

employee experience in manufacturing through the JD-R model. As the literature indicates, 

“the effects of DT in manufacturing on employees are a complicated blend of both pressures 

and supports”, and these can be systematically understood by categorizing them into job 

demands, job resources, and personal and organizational factors. The JD-R model is not 

explained here; instead, it functions as the analytical lens through which the findings are 

interpreted. 

4.1       Job demands in digital transformation 

DT introduces several new or intensified job demands that activate the health-impairment 

process of the JD-R model. One of the most significant issues nowadays is technostress, 

which consists of the following types of technostress: techno overload, techno complexity, 

techno invasion, techno uncertainty, and techno insecurity. Technostress develops through 

excessive interruptions from digital devices, employees being required to learn complex 

systems, and the fear of automation making their skills obsolete, according to literature 

(Ragu-Nathan et al., 2008; Çini et al., 2023). These pressures are particularly acute in 

manufacturing, where time-critical tasks and physical constraints amplify cognitive and 

emotional strain. 

A second major demand is workflow misalignment, which occurs when digital tools disrupt 

established work routines. Orso et al. (2022) describe how manual data entry during 

production “created interruptions… increasing both cognitive and physical workloads.” 

When digital systems do not match the pace or sequence of shop-floor work, employees 

experience frustration, inefficiencies, and increased error risk. 

DT also contributes to workload intensification. However, digital tools that are intended to 

simplify work frequently result in revealing more control, troubleshooting, and documenting 

tasks. As Çini et al. (2023) reveal, such extra tasks lead to greater time pressure and mental 

stress, particularly if they flash in tightly scheduled production cycles that are already hard. 
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Furthermore, DT generates emotional demands when long-established tacit routines are 

disrupted. Manufacturing work is often embodied and learned through experience; sudden 

changes to these routines can create resistance, uncertainty, and frustration. Schneider & 

Sting (2020) note that such disruptions interfere with the “natural flow” of work, making 

employees feel less competent and more stressed. 

Finally, automation anxiety represents a psychological demand. Even when job loss is not 

imminent, employees may worry about skill obsolescence or their ability to keep up with 

new technologies. This persistent uncertainty reduces well-being and engagement. The main 

digital job demands identified in the literature are summarized in Table 1. 

 

Table 1. Categorization of digital job demands and associated negative outcomes 

Digital Factor 
JD-R Dimension (from Ch. 

2.3) 

Example from 

Literature 
Employee Outcome 

Technostress Psychological & Cognitive 

Excessive info & 

complex systems (Çini et 

al., 2023) 

Strain and Burnout 

Workflow 

Misalignment 
Task-related 

Manual data entry & 

interruptions (Orso et al., 

2022) 

Frustration and 

Inefficiency 

Workload 

Intensification 
Quantitative 

Additional monitoring & 

digital tasks (Çini et al., 

2023) 

Increased Time Pressure 

Resistance to 

Change 
Emotional 

Disruption of tacit 

routines (Schneider & 

Sting, 2020) 

Disengagement 
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Digital Factor 
JD-R Dimension (from Ch. 

2.3) 

Example from 

Literature 
Employee Outcome 

Automation 

Anxiety 
Psychological 

Fear of job loss or 

obsolescence (Cimino et 

al., 2025) 

Reduced Well-being 

     

4.2      Job resources in digital transformation 

Despite these challenges, DT also creates important job resources that activate the 

motivational process of the JD-R model. One key resource is human-machine collaboration, 

which allows machines to take over repetitive or precision-based tasks. As Xiong et al. 

(2023) explain, this enables employees to focus on monitoring, problem-solving, and 

creative tasks, thereby increasing autonomy and meaningfulness. 

One more resource is to develop communication systems in real time. Data integration 

platforms and sharing dashboards bring out higher transparency, better coordination, and 

increased situational awareness. Schneider & Sting (2020) give an example of how these 

kinds of systems help teams work better together and decrease the feeling of uncertainty, 

thus enabling the production process to run more smoothly. 

Training and digital upskilling also function as strong job resources. When organizations 

provide structured opportunities to develop digital literacy and problem-solving skills, 

employees experience these changes as empowering rather than threatening. As Cimino et 

al. (2025) note, skill development increases confidence and strengthens employees’ sense of 

competence. 

Participatory design further enhances employee experience. Employee participation in 

digital tool planning or improvement reduces disruption in work and boosts acceptance. Orso 

et al. (2022) show that redesigning tools based on employee feedback significantly improved 

task efficiency and reduced frustration. 
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Lastly, a positive digital environment marked by leaders communicating regularly, IT 

support being at hand, and sufficient trainings can assist the employee in facing the digital 

challenges. Ziv Avtalion et al. (2025) have shown that effective digital climates lower the 

level of technostress and enhance well-being. The key digital job resources and their 

associated motivational outcomes are presented in Table 2. 

 

Table 2. Mapping of digital job resources and motivational outcomes 

Digital Resource 
JD-R Dimension 

(from Ch. 2.3) 
Example from Literature Employee Outcome 

HMC Collaboration Task Resource 
Machines handling repetitive 

tasks (Xiong et al., 2023) 

Job Enrichment & 

Efficiency 

Communication 

Systems 
Social Resource 

Real-time data platforms 

(Schneider & Sting, 2020) 

Improved 

Collaboration 

Training & 

Upskilling 

Developmental 

Resource 

Digital literacy programs (Kharub 

et al., 2025) 

Increased 

Confidence 

Participatory 

Design 

Organizational 

Resource 

Employee involvement in UI 

design (Orso et al., 2022) 

Ownership & 

Engagement 

Positive Digital 

Climate 
Environmental 

Supportive leadership/IT help 

(Ziv Avtalion et al., 2025) 
Engagement 
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4.3      Personal and organizational factors 

Employee reactions to DT are shaped not only by job demands and job resources but also by 

the personal and organizational conditions that influence how individuals interpret and 

respond to change. These factors determine whether employees experience DT as an 

opportunity for growth or as a source of strain. In the JD-R model, personal resources 

strengthen the motivational pathway, while organizational moderators function as 

meta-resources that buffer demands and amplify resources. For analytical clarity, personal 

and organizational factors are discussed together in this chapter, although they are 

conceptually distinguished in the framework presented in Chapter 5. 

4.3.1          Personal resources 

Digital self-efficacy is the belief of an employee in their competence to operate new digital 

tools efficiently. Those employees who have high digital self-efficacy tend to see DT as 

something that they can handle and are in control of, rather than experiencing new 

technologies as a threat. The literature indicates employees with higher confidence “are more 

likely to embark on JD-R motivated pathways,” meaning they are more likely to experience 

engagement, learning, and positive adaptation (Xanthopoulou et al., 2007; Ragu-Nathan et 

al., 2008). Conversely, low self-efficacy increases the likelihood of overwhelm, avoidance, 

and stress (Ragu-Nathan et al., 2008). 

Adaptability is an employee's ability to change when a new system, a new way of doing the 

work, or new expectations are introduced. This skill is a must, especially in manufacturing, 

where people's way of working is always tuned to running specific machines. Technology 

in the manufacturing industry moves fast, so employees with high adaptability will be able 

to deal with such changes in machines, workflows, and digital procedures (Schneider & 

Sting, 2020; Çini et al., 2023). Besides that, they will not be emotionally and cognitively 

drained as much as those whose routines are disrupted by change. Employees with low 

adaptability, on the other hand, will have difficulty adjusting and end up with a feeling of 

frustration and resistance during DT (Orso et al., 2022). 

Resilience represents an employee’s ability to recover from setbacks, maintain stability 

during change, and persist through challenges. DT often introduces periods of uncertainty, 
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trial-and-error learning, and temporary inefficiencies. Resilient employees are better 

equipped to tolerate these disruptions and maintain well-being (Xanthopoulou et al., 2007; 

Xiong et al., 2023). Personal resources relevant to DT are summarized in Table 3. 

Table 3. Summary of personal resources and individual coping mechanisms 

Personal 

Resource 
JD–R Dimension Example from Literature Expected Outcome 

Digital Self-

efficacy 

Psychological 

Resource 

Confidence in using new digital tools 

(Tramontano, Grant and Clarke, 2021) 

Positive Adaptation 

& Confidence 

Adaptability & 

Resilience 

Coping 

Mechanism 

Ability to adjust to system changes 

(Schneider & Sting, 2020) 

Lower Stress & 

Higher Flexibility 

 

 

4.3.2          Organizational Moderators 

Leadership support is a powerful organizational factor that strongly changes the employee 

experience during DT. Leaders who are supportive offer a straightforward message, help, 

and comfort, which leads to less anxiety and higher confidence. The positive impact of 

leadership backing is like a shield that protects against the harmful effects of job demands, 

e.g., technostress or work interruptions, and it also improves the employees’ perceptions of 

available resources (Schneider & Sting, 2020; Ziv Avtalion et al., 2025). 

Employee participation in the design, testing, or refinement of digital tools acts as a powerful 

meta-resource. When employees are involved in decision-making or co-design processes, 

they experience greater ownership, acceptance, and alignment between digital systems and 

real work practices. Participation reduces resistance to change and minimizes workflow 

misalignment because employees can ensure that tools reflect the realities of shop-floor work 
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(Orso et al., 2022). This moderator strengthens the motivational pathway by increasing 

engagement and perceived fairness. 

Digital climate means the overall feeling people get about how their organization supports 

them in using digital tools efficiently. An excellent digital climate features readily available 

IT support, proper training, and regular updates on technological changes. An encouraging 

digital climate strengthens job resources like training and communication systems, and it 

equips employees to manage better digital demands (Ziv Avtalion et al., 2025). In contrast, 

a weak digital climate increases confusion, frustration, and resistance. The organizational 

moderators that shape employee responses to DT are outlined in Table 4. 

Table 4. Organizational moderating factors and meta-resources in digital transformation 

Moderating 

Factor 

JD–R Role 

(Meta-Resource) 
Example from Literature 

Expected Employee 

Outcome 

Leadership 

Support 

Buffering Demand 

Effects 

Clear communication and supportive 

guidance (Kadir and Broberg, 2020; 

Wang, Ding and Kong, 2023) 

Increased Trust & 

Reduced Uncertainty 

Employee 

Participation 
System Alignment 

Co-design and feedback loops in tool 

implementation (Orso et al., 2022) 

Higher Acceptance & 

Ownership 

Digital Climate 
Resource 

Amplification 

Availability of IT support and training 

(Ziv Avtalion et al., 2025) 

Reduced Technostress 

& Higher Well-being 

 

 

4.4      Summary of positive and negative outcomes 

DT produces a combination of positive and negative outcomes for employee experience, 

depending on how job demands, job resources, and organizational conditions interact. When 
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resources are strong and aligned with employee needs, DT activates the motivational 

pathway of the JD-R model. When demands outweigh available resources, DT triggers the 

health-impairment pathway. The following subsections summarize these outcomes. 

4.4.1          Positive outcomes of digital transformation 

Higher engagement, when digital tools reduce manual effort, support autonomy, and enable 

meaningful work, employees experience higher engagement. Human–machine 

collaboration, real-time communication systems, and participatory design all contribute to a 

sense of involvement and purpose, strengthening the motivational process of the JD-R model 

(Schneider & Sting, 2020; Xiong et al., 2023). 

Improved job satisfaction, employees' satisfaction with their jobs goes up when they believe 

their needs are attended, they struggle, and are able to embrace DT. Methods, support, and 

leadership that give the new skills and techniques to employees are changing the way the 

production environment is fair, at the very bottom of a positive work environment (Schneider 

& Sting, 2020; Çini et al., 2023). 

Increased autonomy, automating regular jobs and better accessibility of data help workers 

to decide on their own more often. This freedom not only boosts inherent drive but also helps 

people to grow their job in a way that is richer and more fulfilling (Schneider & Sting, 2020). 

Enhanced collaboration, unified communication tools, and joint digital environments lead 

to better synchronization and cooperation among team members. When information flows 

smoothly across teams, employees experience greater clarity, reduced ambiguity, and 

stronger social support (Ziv Avtalion et al., 2025). 

Opportunities for skill development, DT often requires new competencies, and when 

organizations provide adequate training, employees gain valuable digital skills. These 

developmental resources increase confidence, employability, and long-term career prospects 

(Cini et al., 2023; Schneider & Sting, 2020). 
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4.4.2          Negative outcomes of digital transformation 

Technostress, high levels of digital complexity, constant system changes, and increased 

digital interruptions contribute to technostress. This strain reduces well-being and can lead 

to exhaustion when not balanced by adequate support (Ragu-Nathan et al., 2008; Cini et al., 

2023). 

Workflow misalignment, inefficient digital tools interfere with the work done by employees 

and cause inconveniences. Misalignment increases frustration, cognitive strain, and the 

likelihood of errors, especially in fast-paced manufacturing environments (Orso et al., 2022; 

Çini et al., 2023). 

Cognitive and emotional overload, learning new systems, handling several interfaces 

simultaneously, and adjusting to changes that come so fast are ways of increasing the 

cognitive and emotional load of employees. When these demands exceed employees’ coping 

capacity, overload occurs, leading to fatigue and reduced performance (Cini et al., 2023; 

Xiong et al., 2023). 

Techno-uncertainty and insecurity, frequent updates, unpredictable system changes, and 

concerns about skill obsolescence create uncertainty. Employees may fear falling behind or 

being replaced, which undermines well-being and engagement (Ragu-Nathan et al., 2008; 

Orso et al., 2022). 

Automation anxiety, even when job loss is not imminent, employees may worry about the 

long-term impact of automation on their roles. This anxiety contributes to stress and reduces 

motivation, particularly among workers with lower digital self-efficacy (Xiong et al., 2023; 

Cini et al., 2023). 

4.4.3          Overall Interpretation 

Altogether, these results show that digital job demands and resources hardly ever function 

independently. On the contrary, they engage with each other in a way that their impact gets 

enlarged or lessened according to the particular manufacturing setting. This integration 

underlines that a human-centered change cannot be done just by cutting down the digital 

pressure but by developing the organizational and personal resources that allow the staff to 
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work efficiently with the digital tools. In other words, the accomplishment of digital 

transformation is not only a matter of technology but also of the extent to which the working 

environment supports the employees. These insights provide the conceptual foundation for 

the JD-R-based assessment framework developed in Chapter 5.  
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5   A JD-R-based framework for human-centric digital 

transformation 

This chapter presents the JD-R-based framework developed in this thesis to evaluate 

human-centric DT in manufacturing. Building directly on the synthesis in Chapter 4, the 

framework integrates digital job demands, digital job resources, personal resources, and 

organizational moderators into a structured model that explains how employees experience 

DT. The purpose of the framework is to translate the theoretical insights of the JD-R model 

into a practical tool that organizations can use to assess and guide human-centric digital 

initiatives. 

The JD-R model (Bakker & Demerouti, 2007) provides the theoretical basis for the 

employee outcomes framework due to the interrelationships between job resources and 

demands, and personal resources. DT is viewed through the lens of the JD-R model to 

provide a framework for determining the impacts of DT on workers through four 

interconnected dimensions: digital job demands, digital job resources, personal resources, 

and moderating organizational conditions (e.g., leadership, participation, and digital 

climate). The dimensions are indicative of the digital technologies and the social and 

organizational contexts in which those digital technologies are situated. 

As demonstrated in Chapter 4, digital job demands in manufacturing arise from several 

recurring sources. The digital demand of a job is the first dimension of the energy-depleting 

demands employees face during a DT. There are four demands associated with a DT: techno 

overload, techno complexity, techno invasion, and techno uncertainty. All of these demands 

have been proven to lead to greater cognitive and emotional load placed on an employee 

(Çini et al.,2023; Ragu-Nathan et al., 2008). There are other demands that contribute to an 

employee's workload, such as misaligned systems between departments, not integrated 

efficiently, and processing the same digital tasks, as demonstrated by (Orso et al., 2022). 

Furthermore, employees may experience psychological demands from transition-related to 

their roles due to their resistance to automated processes and anxiety about automated 

processes (Schneider & Sting, 2020; Cimino et al., 2025). These demands trigger the JD-R 

health impairment process and put the employee at increased risk of stress and/or burnout 

when they do not have adequate resources. 



35 
 

Digital job resources, the second dimension of digital job transformation, encompass the 

resources that enable employees to successfully navigate through DT. These resources occur 

in several forms, including reducing the amount of manual workload through automation, 

providing clear workflows enabled by real-time data, improving communication through 

digital platforms, and increasing collaboration through integrated systems (Schneider & 

Sting, 2020; Ziv Avtalion et al., 2025). When digital systems are integrated into the actual 

work practices of employees, they are more likely to work efficiently and less likely to be 

interrupted (Orso et al., 2022). Skill development opportunities, including developing digital 

literacy and data analysis skills, are also considered job resources that can improve employee 

development, confidence, and perceived employability (Cimino et al., 2025; Kharub et al., 

2025). Participatory design methods and human-centred tech development also improve the 

enrichment of jobs as well as the meaningfulness of those jobs, thereby aligning DT with the 

human-centric aims of Industry 5.0 (Cimino et al., 2025; Orso et al., 2022). 

Chapter 4 also highlighted that personal resources shape how employees interpret and 

respond to digital demands. A third dimension, personal resources, acknowledges that 

employees differ from one another in their capacity to adapt to the pressures of using 

technology. Digital self-efficacy and ability to adapt, bounce back, and solve problems in 

relation to technology will determine if employees view digital tools as opportunities or 

threats (Schneider & Sting, 2020). Within the JD-R model, personal resources (i.e., digital 

self-efficacy) combine with job characteristics to determine whether employees experience 

engagement or strain. For instance, an employee who has high levels of digital self-efficacy 

may view automation as a way to grow, whereas an employee with low digital self-efficacy 

may see automation as a demand/pressure and produce insecurity. Personal resources, 

therefore, act as perceptual filters that influence whether DT is experienced as an opportunity 

for development or a source of strain. 

The findings further revealed that organizational moderators act as meta-resources that shape 

the overall employee experience. Organizational and social factors that inform how 

employees experience DT fall within the fourth dimension, moderating elements. Effective 

leadership reduces ambiguity, provides support, and fosters feelings of being valued for 

employees during their journey of change (Kadir & Broberg, 2020). Communication quality 

contributes to employees' comprehension of DT initiatives' purposes and benefits and, 

through employee participation, enhances trust and acceptance. A positive digital 
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environment, which consists of effective training, readily available assistance, and equitable 

implementation, is an example of an anti-technostress environment and positively 

contributes to employees' overall well-being (Ziv Avtalion et al., 2025). As such, these 

dimensions act as meta-resources based on the JD-R model, as they buffer negative relational 

demand effects and enhance the motivational effect of resources. 

What distinguishes this framework from a standard application of the JD-R model is its 

emphasis on the interaction between these dimensions. Digital job demands and resources 

do not operate independently; rather, their effects are shaped by personal and organizational 

conditions. As a result, the same digital technology may be experienced as either a resource 

or a demand depending on context. This interactional perspective is particularly important 

in manufacturing environments, where tightly coupled workflows and physical constraints 

amplify both the risks and benefits of DT. The integrated JD-R-based framework developed 

in this thesis is illustrated in Figure 2. 
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Figure 2. A JD-R-based framework for human-centric digital transformation in 

manufacturing 

INDUSTRY 5.0: 

HUMAN-CENTRIC DIGITAL 

TRANSFORMATION 

 

 JOB DEMANDS 

 Quantitative Demands 

 Task-Related Demands 

 Psychological 

Demands 

 

JOB RESOURCES 

 Task Resources 

 Social Resources 

 Developmental 

Resources 

 

PERSONAL RESOURCES 

 Digital Self-Efficacy 

 Resilience 

 

ORGANIZATIONAL 

MODERATORS  

 Leadership 

 Digital Climate 

 

POSITIVE OUTCOMES 

Engagement, Motivation, Skill 

Development, Autonomy, Improved 

Communication, Enhanced 

Decision-Making, User Ownership, 

Employee Well-Being, Productive Work 

 

NEGATIVE OUTCOMES 

Cognitive Load, Technostress, Role 

Ambiguity, Workflow Disruptions, 

Automation Anxiety, Emotional Stress, 

Fatigue, Reduced Well-Being, 

Performance Decrease 

 

OUTCOMES 
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Together, these four dimensions form an integrated system in which digital demands and 

resources interact dynamically. The framework visualizes these relationships and illustrates 

how organizational conditions can buffer strain or amplify motivation. This provides a 

coherent structure for assessing whether DT aligns with human-centric principles. 

The framework is useful in all phases of an organization’s DT. While planning, the 

framework can be used to identify possible digital requirements and provide the necessary 

resources in advance, such as effective training and participatory design sessions. In the 

implementation phase, the framework can be used to assess employee reactions, in real-time, 

to identify where technostress or increased workload is occurring. In the evaluation phase, 

the framework can be used to evaluate how digital changes have affected or enhanced 

employee well-being, engagement, and performance. By continually using this approach, 

organizations may consider employee experience as a success metric for DT. This ensures 

that employee experience becomes a continuous success metric rather than an afterthought. 

The framework advances existing research by synthesizing previously fragmented findings 

into a unified JD-R-based model tailored specifically to manufacturing environments. The 

framework presents several theoretical contributions. First, it builds upon the JD-R model 

by applying it comprehensively to DT through the inclusion of digital demands and digital 

resources as part of an overarching explanation. Second, it sheds light on why employees 

have different experiences when going through DT by demonstrating that individual and 

contextual resources moderate the relationship between job demands and how employees 

feel about their jobs. It begins to operationalize the human-centric vision of Industry 5.0 by 

translating abstract constructs such as meaningful work or resiliency into measurable 

constructs that are empirically supported through psychological theory. In contrast to the 

previous Industry 4.0 models, which targeted mainly technical efficiency and system 

throughput, this framework acknowledges the two routes of employee experience. It 

maintains that, besides the DT being ‘success' only when the motivation outweighs the 

health-impairment process, the rest of the company's KPIs are also in line with the human-

centric values and sustainable work design of Industry 5.0. 

Another significant implication related to practice is that manufacturers can utilize the 

framework to assess both the technical effectiveness of technology and how well it fits with 

employees’ work practices. The framework reinforces the need for a human-centric 

approach to design through the emphasis on employees’ participation in the design process, 
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the need for a digital climate, and the importance of leadership support. Through this 

framework, manufacturers can uncover previously overlooked digital requirements, work 

process discrepancies, or 'digital friction', for instance, that are rarely considered even during 

thorough technical audits. When these hidden costs are recognized and tackled through 

participatory design, DT becomes not only a technical success but also a socially sustainable 

change for the workforce in the future. Besides, a framework can help companies determine 

how to develop the right measures. By making digital friction, hidden workload, and 

employee strain visible, the framework enables organizations to design interventions that 

support both productivity and well-being. 

Furthermore, the framework can assist organizations with identifying how to design the 

necessary interventions (e.g., enhance user interface, improve training program, redesign 

workflows) to ensure that DT improves rather than adversely affects employee well-being.  

In conclusion, the JD-R-based assessment framework provides a structured and 

evidence-based approach for evaluating human-centric DT in manufacturing. The 

framework shows the interplay among digital demands, digital resources, personal 

resources, and organizational moderators to determine employee experience. As such, it can 

be used as a full-fledged guide to align digital change with human-centered values of 

Industry 5.0. Compared to technology adoption models that mostly emphasize user 

acceptance, the framework here accounts for both the upsides and downsides of DT, thus 

giving a more even-handed picture of employee experience. 
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6  Conclusion and future research  

6.1      Summary of findings 

In this research, the investigation shows how DT reshapes employee experience within the 

manufacturing sector, demonstrating that the JD-R model is a useful way to conceptualise 

DT. These findings reinforce earlier discussions in Chapters 1 and 2 by showing that Industry 

5.0’s human-centric vision becomes meaningful only when digital tools are aligned with 

employee needs. Regarding the first sub-question (SQ1), the study found that DT can be 

both positive or negative and that it depends on the ways in which digital technology has 

changed job demands or job resources, and how well organizations support employees 

during this time. 

The analysis shows that DT increases cognitive load, technostress, role ambiguity, and 

workflow disruptions when digital tools are misaligned with actual work practices. 

Additionally, employees may suffer from automation anxiety and emotional stress due to 

rapid technological transitions (Cimino et al., 2025). These pressures reflect the 

health-impairment pathway of the JD-R model. 

In relation to SQ2, the findings show that DT also generates important job resources. 

Opportunities for skill development and upskilling also contribute to enhancing employee 

motivation and engagement (Kharub et al. 2025). Participation by users in design processes 

enhances the usability of the system and also increases user ownership, both of which 

facilitate the adoption of technologies in a human-centered manner (Orso et al. 2022). These 

findings illustrate how digital resources activate the motivational pathway of the JD-R 

model.  

This thesis contributes a structured JD-R-based framework that integrates digital demands, 

digital resources, personal resources, and organizational moderators into a single evaluative 

tool tailored for manufacturing. The systematic approach to performing the human-centricity 

assessment includes organizing the impact of employees into digital job demands, digital job 

resources, individual personal resources, and other moderating conditions like leadership 

and digital climate (Ziv Avtalion et al., 2025). In turn, this provides a practical tool for 
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assessing human centricity within the context of a DT. Thus, this framework assists in 

addressing a specific gap present in both current research and practice. While many studies 

have focused on human centricity, very few provide any actionable methods for conducting 

assessments. 

Overall, the findings demonstrate that successful DT depends not on technology alone but 

on how organizations balance digital demands and resources. Human-centric practices, such 

as clear communication, user participation, and targeted training, ensure that digital tools 

support rather than hinder productive work 

6.2       Limitations 

Firstly, this study is a conceptual synthesis based on a narrative and integrative literature 

review. Consequently, there has been no testing of the proposed framework in actual 

manufacturing environments; hence, it is possible that the complete range of DT phenomena 

encountered in practice is not recognised within the developed framework. 

Furthermore, while the study considers various studies, the analysis is only focused on 

manufacturing environments. Bear in mind that other industries affected by DT will have 

different limitations and workflows and different cultures, therefore necessitating 

adaptations of the framework. 

Innovation in DT is progressing rapidly, with new digital technologies emerging 

continuously, including AI-enabled decision-making systems, human-robot collaboration, 

digital twins, and advanced analytics (Xiong et al., 2023). All these innovations are 

fundamentally changing traditional work processes at an unprecedented pace. 

To remain relevant, the framework will require continuous updates as new digital 

technologies introduce new demands and resources. 

6.3      Future research 

Given these limitations, several avenues for future research emerge. Empirical validation of 

the JD-R-based assessment framework must be the focus for future research via case studies, 

surveys, interviews, and longitudinal research within manufacturing firms. This will enable 
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researchers to investigate the extent to which the framework accurately reflects employees' 

job-related experiences. As part of this investigation, research could be conducted to 

determine how employees adapt to the changing use of technologies through the examination 

of changes in digital job demands and resources over time. 

In future research, it would be interesting to investigate DT through a human-centric lens 

within different sectors of industry or service delivery (i.e., Health Services versus Logistics 

or Public Administration) to identify how these sectors differ in their demand for and 

available resources for digitization, thereby providing a more comprehensive view of human 

centricity and its variations across sectors. 

Research on increased use of AI-based systems, algorithmic management, and immersive 

digital environments will continue to provide insight into new forms of technostress that 

employees will experience through working with digital technologies. Enhancing the digital 

job demand concept via development would solidify JD-R in terms of the theory of digital 

working environments. 

Future research could also focus on developing quantitative instruments derived from the 

framework, enabling its application in organizational settings. 

6.4      Final remarks 

The rapid and ongoing transformation of manufacturing through DT represents one of the 

most significant shifts in contemporary industrial practice. While DT, an organization’s 

processes may improve or hinder employee satisfaction, it does not depend solely on 

technology, but rather on how an organization creates, deploys, and evaluates these new 

tools and processes. The research implemented in this study supports employees as the main 

beneficiaries of DT and is aligned with the human-centered principles of Industry 5.0 

through the use of an organized framework that is structured according to the JD-R. 

By recognizing the dual-path nature of digital demands and resources, and the vital role of 

organizational moderators, manufacturers can develop technologically advanced yet healthy, 

meaningful workplaces. Adopting a human-centric perspective enables manufacturers to 

ensure that employees remain empowered participants in shaping the future of work.  
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