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The redesign of blue- and white-collar work triggered by digitalization: 
collar matters 

S. Waschull *, J.A.C. Bokhorst , J.C. Wortmann , E. Molleman 
Faculty of Economics and Business, University of Groningen, PO Box 800, 9700 AV Groningen, the Netherlands   
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A B S T R A C T   

The implementation of digital technologies in the context of Industry 4.0 radically changes methods of pro-
duction and thereby the jobs of blue-collar workers. Although the work design effects of digitalization on the 
operator 4.0 have been explored in the existing literature, less is known about the simultaneous effects on white- 
collar work and the underlying (re)design process of human work including the factors that shape this process. 
To address this gap, we performed an in-depth industrial case study of an organization in the process of digi-
talization. Our findings confirm the concurrent impact of digitalization on blue- and white-collar work and 
suggest that its human implications highly depend on the extent to which, and at what moment, human factors 
are considered during the design and implementation process. Where work design knowledge lacked, the 
motivation of system designers turned out to be an important individual factor to realize favorable work design 
outcomes. At the organizational level, results show the importance of early involvement of system users and 
incorporating social performance indicators in addition to operational performance indicators in the statement of 
project goals. Our findings provide important empirical input for the further development of human-centric 
models and theories that integrate the challenges and opportunities for blue- and white-collar workers that 
are emerging when adopting digital technologies.   

1. Introduction 

Manufacturing organizations worldwide are currently undergoing 
pervasive social and technological changes as a result of Industry 4.0 
technological developments. Industry 4.0 refers to the confluence of new 
innovative technologies in manufacturing, with the potential to create 
‘smart factories’ with an increasing machine and algorithmic intelli-
gence (Da Xu, Xu, & Li, 2018). At its center lies the concept of digita-
lization, referring to the adoption of information technologies in 
manufacturing organizations (Stolterman & Fors, 2004). The continuing 
proliferation of digitalization is shaping the nature and organization of 
human work in manufacturing, yet there is limited empirical evidence to 
support the growing number of predictions of how the digital trans-
formation affects workers (Kadir, Broberg, & Conceição, 2019). 

While digitalization may make certain tasks obsolete, it can also 
change existing tasks and/or create new tasks and interaction re-
quirements of humans with technological systems that may ask for other 
skills and may ultimately put new demands on the workers (Waschull, 
Bokhorst, Molleman, & Wortmann, 2020). Current predictions found in 

the literature mainly focus on the potential enrichment of the work of 
humans who perform manual tasks on the shop-floor (i.e., blue-collar 
work) (e.g., Romero, Stahre, et al., 2016). Since digitalization enables 
the integration of smart resources (machines, workers), products, and 
processes within and across organizational boundaries (Alcácer & Cruz- 
Machado, 2019), the unit of analysis needs to be expanded to include the 
work of humans who perform supporting tasks such as work prepara-
tion, control or decision-making (i.e., white-collar work) (Pacaux- 
Lemoine, Trentesaux, Rey, & Millot, 2017). In fact, in factories, blue- 
and white-collar work is often deeply intertwined on the process level, 
creating important interdependencies relevant for understanding pre-
dicted changes. However, to the best of our knowledge, there is limited 
research that addresses digitalization from the perspective of a 
manufacturing process with interacting blue- and white-collar work. 

Moreover, for creating a holistic understanding of how digitalization 
changes human work, it is not enough to only consider the technical 
changes resulting from digitalization. Since manufacturing systems are 
socio-technical systems, both technical and social choices need to be 
made during the design and/or deployment process of digitalization 
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(Neumann, Winkelhaus, Grosse, & Glock, 2021). These choices made 
during the design process will have implications for human factors by 
affecting the task, knowledge and social characteristics of human work 
(Humphrey, Nahrgang, & Morgeson, 2007). This topic lies in the realm 
of work design, which refers to the processes and the outcomes of how 
work is structured, organized, experienced, and enacted (Morgeson & 
Humphrey, 2008). Yet, the majority of work design research till now has 
focused on how the work design, which is characterized by certain job 
characteristics, leads to individual and organizational outcomes (Hum-
phrey et al., 2007). Systematic empirical research on what actually 
happens during the design process of human work during digitalization, 
let alone why certain technical and social choices are made or neglected 
by system designers, is sparse. This is despite the several calls for more 
attention to factors that influence the design process of work, including 
individual factors relating to the system designer, and organizational 
factors relating to the context the digital transformation occurs in (Clegg 
& Spencer, 2007; Grant & Parker, 2009; Oldham & Hackman, 2010). For 
example, for many practitioners, the digital transformation and its im-
plications on operations processes and related human work remain a big 
black box (Neumann et al., 2021). 

As the design process in the context of digitalization may impact 
important outcomes including motivation, job satisfaction and produc-
tivity for multiple types of jobs, the design process of human work 
certainly deserves further attention. Therefore, detailed industrial case 
studies must be conducted to create a better holistic understanding of 
the relevant factors, interactions and influences when introducing new 
digital technologies in manufacturing (Kadir et al., 2019). These 
empirical studies are also needed to provide important input for the 
development of models and theories that integrate the challenges and 
opportunities emerging from the adoption of digital technology. 

In response to these gaps, the current study formulated two aims 
focusing on changes of blue- and white-collar work triggered by digi-
talization. We first explore how the design process of the work of white- 
and blue-collar workers unfolds. This includes exploring what socio- 
technical changes and interactions take place, and what the resulting 
work design effects are in terms of changes in relevant job characteris-
tics. We consider the work of operators, who have to cope with the 
adopted digitalization solutions but also include white-collar work, 
represented by the work of manufacturing engineers, who enable the 
proper functioning of these digitalization solutions for operators. Our 
second aim is to better understand why the design process of human 
work unfolds in the way it does. 

To achieve these two aims, an in-depth qualitative study was con-
ducted at an aerospace industry supplier who designs, develops, and 
pilots digital technology for shop-floor digitalization addressing the 
work of operators and manufacturing engineers. Multiple sources of data 
were collected over four years, providing a rich and detailed exploration 
of the forces at play. We found that digitalization involves inter-
connected design processes of blue- and white-collar work to stan-
dardize manufacturing execution, resulting in job simplification and job 
enrichment respectively in our case. Second, we show that the redesign 
process is strongly influenced by the motivation of the individuals in 
charge of the design (i.e., system designers), which is in turn shaped by 
several organizational factors. 

2. Theory 

In this section, we present relevant background information on 
digitalization within Industry 4.0 in Section 2.1, followed by an over-
view of the impact of digital technologies on blue- and white-collar work 

in Section 2.2. In Section 2.3, we pay attention to the design process of 
human work and in Section 2.4, we focus on the factors that shape this 
design process. Finally, in Section 2.5, we present the research questions 
and the research framework. 

2.1. Digitalization within Industry 4.0 

Digitalization refers to the process of adopting information tech-
nologies in various contexts, including manufacturing (Legner et al., 
2017; Stolterman & Fors, 2004). Digitalization in industry already 
started decades ago with automation through the use of computers. The 
rise of the internet provided a further boost to the adoption of digital 
technologies. The latest wave of digitalization is associated with In-
dustry 4.0 (e.g., Buer, Semini, Strandhagen, & Sgarbossa, 2021; Li, Dai, 
& Cui, 2020; Richter, Heinrich, Stocker, & Schwabe, 2018) and includes 
fundamental networked information technologies such as the Internet of 
Things (IoT), Cloud computing, Big Data, and advanced analytics that 
provide connectivity and intelligence (Frank, Dalenogare, & Ayala, 
2019). 

The digital transformation in the context of Industry 4.0 is expected 
to increasingly automate information processing functions at increasing 
scopes of operations in industrial production (Waschull et al., 2020). 
Whereas traditionally digitalization focused on data collection and data 
distribution, its aim in the context of Industry 4.0 is to first achieve 
vertical integration of the hierarchical levels of the factory, providing a 
new and unprecedented level of information transparency and inter-
connection of processes (Hermann, Pentek, & Otto, 2016). In practice, 
organizations are indeed found to first focus on the implementation of 
front-end digital technologies that enable vertical integration, such as 
sensors/PLCs, Supervisory Control and Data Acquisition (SCADA), 
Manufacturing Execution System (MES) and Enterprise Resource Plan-
ning (ERP) systems (Frank et al., 2019). 

As a key enabler of digitalization and vertical integration in specific, 
MES focuses on the digitalization of shop-floor activities by monitoring, 
documenting and reporting information on the transformation of raw 
materials into finished goods, enabling the control and optimization of 
production activities as they occur (Saenz De Ugarte, Artiba, & Pellerin, 
2009). It exchanges up to date shop-floor information (e.g., feedback, 
process data) across the different hierarchical layers (e.g., shop-floor 
actuators, manufacturing execution level, production management 
level and corporate planning level) (Liao, Deschamps, Loures, & Ramos, 
2017; Saenz De Ugarte et al., 2009). More advanced implementation 
stages of Industry 4.0 include digital technologies to realize advanced 
automation, virtualization and flexibilization, such as industrial robots, 
Artificial Intelligence (AI), and Additive manufacturing (Frank et al., 
2019). In this research, we will mainly focus on the first stage of the 
adoption of Industry 4.0 digital technologies, related to realizing vertical 
integration. 

While it is inherent that digitalization within Industry 4.0 changes 
the design of the technical system, it is likely to also interact with the 
design of the social system. When redesigning existing methods of pro-
duction and related human work, decisions on the overall task structure, 
the organization of tasks, the interaction with technology, and the 
required skills and competencies of humans need to be included (Hirsch- 
Kreinsen, 2016; Kadir et al., 2019). The expected risks and opportunities 
that emerge for human work apply not only to the work of blue-collar 
workers in the factory (operators) but also increasingly to work in the 
cognitive and higher-skills domains of white-collar workers (Frey & 
Osborne, 2017), such as manufacturing engineers, team-leads or quality 
controllers and managers (Autor & Dorn, 2013; Frey & Osborne, 2017; 
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Parker & Grote, 2020). Put differently, digital technologies do not only 
apply to a local machine or workstation and do not mainly change how 
people do things, but also impact how that work is controlled, how 
decisions are made, and how work is organized by others, spreading into 
domains that are commonly characterized as non-routine and cognitive 
(Cascio & Montealegre, 2016; Waschull, Bokhorst, Molleman, & Wort-
mann, 2020). The following two subsections provide further back-
ground on the impact of digital technologies on human work, and on 
designing work. 

2.2. Impact of digital technologies on human work 

The literature states both positive and negative predicted effects of 
digital technologies on human work (Hirsch-Kreinsen, 2016; Parker & 
Grote, 2020; Sgarbossa, Grosse, Neumann, Battini, & Glock, 2020). We 
will review the impact on blue-collar work first and then continue with 
the impact on white-collar work. 

On the one hand, a large share of the literature describes a general 
enrichment scenario for blue-collar workers. In this scenario, blue-collar 
workers remain an integral part of the system, are in full control of the 
decisions, and are augmented by technologies to perform an increasing 
number of complex jobs in higher skill domains with higher cognitive 
demands (Gorecky, Schmitt, Loskyll, & Zühlke, 2014; Kagermann, 
2013). For example, Gorecky et al. (2014) demonstrate solutions for 
assisting blue-collar workers to realize their full potential in a wide 
range of jobs, thereby assuming the role of strategic decision-maker and 
flexible problem-solver. Similarly, the operator 4.0 concept refers to the 
vision to empower ‘smart operators’ with new skills and gadgets to fully 
capitalize on the opportunities being created by Industry 4.0 technolo-
gies (Romero, Stahre, et al., 2016). On the other hand, a quite different 
scenario is sketched assuming a general job degradation of blue-collar 
workers. In this scenario, workers become subservient to the directives 
and control of machines and advanced AI technologies (Frey & Osborne, 
2017). The majority of workers’ tasks are reduced to solely monitoring 
the automated system, and a few complex jobs remain that are related to 
the design, implementation, and training of the system, or aspects of 
innovation (Waschull et al., 2020). 

In contrast, relatively little research has focused on the effects of 
digitalization on white-collar factory workers, who deal with decision- 
making, control and scheduling (Kadir et al., 2019; Pacaux-Lemoine 
et al., 2017). Extant literature implicitly seems to assume that blue- 
collar workers will slowly transform into white-collar workers due to 
job enrichment and the augmentation capabilities of advanced digital 
technologies. For example, operators will take over tasks that were 
originally considered to be engineering tasks such as process control or 
continuous improvement (Spath et al., 2013). 

Although the extent of these developments remains to be seen, 
digitalization influences the interaction between blue- and white-collar 
work in factories through the encapsulation of product design and 
production process information into unique digital artifacts 
(Holmström, Holweg, Lawson, Pil, & Wagner, 2019). This leads to 
possibilities to redistribute activities within and across organizations. In 
case digital technologies are used at the interface of white- and blue- 
collar work, it may potentially impact the work of both and their 
collaboration. 

To characterize and evaluate changes in human work triggered by 
digitalization, work design theory is applied as a theoretical lens in this 
research. This theory primarily deals with the question how work ideally 
should be designed by exhibiting several job characteristics with the 
goal to improve individual outcomes (e.g., motivation, well-being, 

satisfaction) (Hackman & Oldham, 1975; Morgeson & Humphrey, 
2008). The job characteristics are grouped into three major categories 
(Morgeson & Humphrey, 2006):  

• Task characteristics: how the work itself is accomplished including 
the range and nature of tasks e.g., job autonomy, task variety, 
feedback from the job;  

• Knowledge characteristics: reflecting the type of knowledge, skill 
and ability placed on the individual, e.g., job complexity or skill 
variety; and  

• Social characteristics: the broader social environment of the job, e.g., 
social support and interdependence. 

Jobs that embody many of these characteristics are usually referred 
to as enriched jobs, while their absence leads to degraded, or simplified 
jobs. For example, task simplification, skill simplification, and repetition 
are typical design interventions that lead to simplified jobs. 

While work design can be regarded as an outcome, specifying a job’s 
characteristics, it can also be seen as a process to create or modify jobs in 
order to realize certain desired characteristics. Relevant background on 
this design process of human work is presented in the next Section 2.3. 

2.3. Designing human work 

The integration of digital technologies into manufacturing systems 
creates engineered systems consisting of humans and technological 
components which reflect socio-technical systems (STS) (Wang, 
Törngren, & Onori, 2015). STS theory is a key theory of work design, 
centering on the idea that when the social and technical systems are 
jointly optimized, the design and performance of systems can be 
improved and/or a system works more satisfactorily (Cherns, 1987; 
Clegg, 2000). Examples of improvements include improved productivity 
and competitiveness, but also employee-related performance (van Eij-
natten, Shani, & Leary, 2008). The technical system refers to the related 
infrastructures and functionalities of the technologies that are exploited, 
whereas the social system is related to the people and their tasks, their 
relationships, and their organization (Trist, Higgin, Murray, & Pollock, 
2013). 

STS theory offers a set of principles to guide the design process, yet 
the application in practice has been found to be disappointing (Clegg, 
2000). For example, the principle of joint design and optimization of the 
social and technical system remains rare, meaning that IT projects have 
been found to often emphasize the technical over the social system 
(Davis, Challenger, Jayewardene, & Clegg, 2014). In such techno-centric 
designs (i.e., design processes that primarily pay attention to the tech-
nology), human work is designed around, or needs to adapt to the new 
technology rather than influencing the design of the technology (Chal-
lenger, Clegg, & Shepherd, 2013; Clegg & Shepherd, 2007). 

To overcome these challenges and to facilitate a socio-technical 
design, existing research in the context of Industry 4.0 till now has 
primarily focused on the development and application of so-called 
human-centric design methods and how these lead to the better ac-
commodation of human workers in the design phase. Human-centric 
design methods are in essence socio-technical design approaches, ac-
counting for the workers’ physical, cognitive and sensorial capabilities 
during the design and operation of systems. For example:  

• Pinzone et al. (2020) developed a framework that guides decision- 
makers in analyzing how the functionalities of a Cyber-Physical 
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System relate to operational and human-factor related performance 
impacts;  

• Romero, Bernus, Noran, and Stahre (2016) promote a human-centric 
design approach in the context of Industry 4.0, aiming to enhance 
humans’ physical, sensorial and cognitive capabilities and to ulti-
mately improve their overall well-being, motivation, and produc-
tivity; and  

• Kadir and Broberg (2021) propose a framework integrating human 
factors, work system modeling, and strategy design to promote a 
human-centric design of work systems. 

The design and/or adoption of digital technology involves making 
design choices by individuals in the local context (e.g., engineers, 
managers), both in terms of the technical system and social system and 
considering their interdependency. Key choices refer to the functional-
ities of the technology, and how the work will be distributed, managed 
and organized (Clegg, 2000). These choices will affect the characteris-
tics of jobs in terms of the tasks, knowledge and social requirements of 
jobs. For example, the decision to automate a data collection task 
through digitalization may reduce an operator’s task variety. 

Despite the large bulk of knowledge of STS theory, and the positive 
effects of enriched work (Humphrey et al., 2007), poorly designed work 
continues to exist at many organizations (Lorenz & Valeyre, 2005). This 
provokes questions as to why work is designed in a certain way. To 
understand this, we address the individual and organizational factors 
that shape the redesign process in the next section. 

2.4. Factors shaping the redesign process 

To better understand the design process of human work triggered by 
digitalization, e.g., why certain choices are made or neglected, we need 
to consider the influence of several individual and organizational factors 
on the design process of human work (Findlay, Warhurst, Keep, & Lloyd, 
2017). The limited number of empirical studies that focus on the design 
process of work suggest that system designers often have very limited 
awareness of design choices related to human work, and when they do, 
they rather “naturally” adopt a mechanistic approach to designing work 
(Campion & Stevens, 1991; Clegg, 1984; Parker, Andrei, & Van den 
Broeck, 2019). This means they divide labor based on specialized and 
narrow tasks and focus on standardization (Parker, Wall, & Cordery, 
2001), usually resulting in low-quality jobs. Parker et al. (2017) un-
derline the potential role of knowledge to guide the design process, yet 
there are limited empirical studies on this topic. Due to a lack of 

knowledge of individuals, the interdependencies of the technical and 
social system may not be apparent during the design process, or may be 
difficult to anticipate, and may only become apparent once the system is 
in operation. As one of the few recent studies, Parker, Andrei and Van 
den Broek (2019) found that explicit knowledge determined enriching 
work design behaviors of individuals. Explicit knowledge includes 
training in psychosocial work design theories (e.g., the job characteris-
tics model, the demand-control model, and concepts such as motivation, 
work stress, or person-organization fit). They also highlighted the po-
tential importance of the motivation driving the system designers, as 
pointed out by earlier studies (Blumberg & Pringle, 1982). Motivation 
can be driven by extrinsic pressures external to the individual, such as 
market pressures or regulations (i.e., extrinsic motivation), or by the 
individual’s autonomous motivation, e.g., doing it because it is inter-
esting or it is in line with your values (intrinsic motivation) (Ryan & 
Deci, 2017). 

Beyond work design knowledge and motivation, which we consider 
to be individual influences, the design process of human work may also 
be influenced by political, social, or technological constraints or en-
ablers in the organizational setting, i.e., organizational influences 
(Nielsen, Randall, Yarker, & Brenner, 2008; Parker, Broek, & Holman, 
2017). Organizational influences can affect system designers’ motiva-
tion or knowledge, which in turn shape the design choices they make 
(Parker et al., 2017). Organizational factors can include, for example, 
the organizational strategy, the HR practices, the organizational design, 
or the organizational culture. For example, despite possessing the 
required knowledge and motivation, system designers may not have the 
leeway or opportunity to focus on social issues (Molleman, 2000). 

2.5. Research framework 

To address the two aims stated in the introduction, we formulate the 
following research questions and summarize them in the conceptual 
framework proposed in Fig. 1. 

Research questions addressing research aim 1:  

1. How does the design process of work triggered by digitalization 
impact the characteristics of manufacturing engineers’ jobs?  

2. How does the design process of work triggered by digitalization 
impact the characteristics of operators’ jobs? 

Research questions addressing research aim 2: 

Fig. 1. Research framework.  
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3. How do knowledge and motivation of system designers influence the 
design process of human work?  

4. Which characteristics of the organization influence the knowledge 
and motivation of system designers?  

3. Method 

3.1. Research design & case selection 

The literature review indicated a lack of detailed industrial cases 
regarding the socio-technical considerations that emerge during the 
design and adoption of digital technologies. Empirical research is thus 
needed to support the growing number of theoretical claims and pre-
dictions and to provide important input for the further development of 
models and theories that have value for practitioners. A case study lends 
itself to this research goal as it enables exploratory investigations of a 
contemporary phenomenon in its real-life context (Yin, 2009), and is 
suitable to investigate and develop an initial understanding of complex 
problems (Stake, 1995). 

The problem under investigation is complex since the complete set of 
relevant variables and their linkages (the factors that shape how and 
why human work is designed) is still unknown (Meredith, Jack, Raturi, 
Amoako-Gyampah, & Kaplan, 1989). Moreover, case research is 
appropriate when, as in our case, context knowledge is important (Voss, 
Tsikriktsis, & Frohlich, 2002). We perceive the phenomenon under 
study not isolated from its context, but rather of interest precisely 
because of its relation with the context, in this case, the organizational 
factors that shape the design process. This is also one of the reasons why 
we have chosen to adopt a single case study design. While we are aware 
that examining a single organization limits the transferability of the 
findings, it is a suitable strategy for theory exploration, thereby 
capturing and understanding the deep insights of the case (Dyer, Gibb & 
Wilkins, Alan, 1991), where there is only limited knowledge of the 
proposed relationships. Systematic description of the properties and 
relationships of processes in a single case, and of the contexts through 
which such processes emerge, is a critical form of knowledge for theo-
retical development (Pettigrew, 1985). Studying the single case in depth 
enables us to generate concepts and give meaning to the abstract theo-
retical propositions, which subsequently can be tested in other organi-
zations to seek a higher degree of theoretical generalization. 

The single case study can offer convincing results when the case is 
deliberately selected to provide insights that other cases may not (Sig-
gelkow, 2007). The considered case allows us to study the complete 
development and adoption cycle of the digital technology in depth, as 
the case company is not buying and integrating an off-the shelf software 

where the majority of technical and social choices have already been 
determined. Moreover, the case company is in the process of digitizing 
its manufacturing processes involving blue-collar and white-collar work, 
where white-collar workers take on the role of work designers. The 
digitalization project at the case company was also perceived as an 
innovative project for this type of industry. 

Since we aimed to focus on the antecedents and effects of socio- 
technical interactions, the unit of analysis is the design process of 
work triggered by digitalization, specifically the work of operators and 
manufacturing engineers. 

3.2. Case setting 

The case organization (named Aero) produces lightweight composite 
aerostructures for the commercial and defense industry. Aero underwent 
a digital transformation program called Aero 4.0 between 2015 and 
2019. The program was seen as an innovative project for this type of 
industry and received an R&D innovation grant from local authorities. 
This was the reason to include a local research institute in the project 
and to involve IT suppliers who were willing to co-invest in this inno-
vation. The case data was collected between 2015 and 2019, following 
the complete definition, development, and implementation cycle of the 
new technology. The research team, and in particular the first author, 
collaborated closely with the case company and had the opportunity to 
study the complete digitalization process extensively over the course of 
four years. The third author acted as member of the project steering 
committee over the whole period. A diverse and thorough picture of the 
important interactions and forces at play was captured, including rich 
contextual insights. More detailed background on the case study is 
provided in Section 4. 

3.3. Data collection 

To collect data for answering our research questions, we examined 
the design process of work over a period of four years between 2015 and 
2019. We applied different data collection methods to enhance reli-
ability and internal validity. A summary of the different data sources is 
provided in Table 1. 

To increase the reliability of the study, a case study database was 
created in which case data was collected and documented. It contained 
case study notes, documents, tabular materials and case narratives. 
Starting in June 2015, the first author of the paper participated in the 
technology development team, and conducted weekly on-site visits, and 
participated in weekly progress meetings. We, therefore, observed the 
design process unfolding in real-time and we took field notes during 
these visits and observations, resulting in approximately 1536 h spent on 
site. In addition to observations taken during the team meetings, we also 

Table 1 
Overview data collection methods.  

Data collection method Data source 

Formal observations  • Steering committee meetings (monthly)  
• Development team meetings (weekly)  
• Proof of concept testing sessions  
• User training sessions  
• Pilot implementation activities 

Informal observations  • Regular weekly factory visits to observe users and to collect data input & feedback on technology 
Interviews  • 24 interviews semi-structured interviews with different project stakeholders, including system developers and users 

Informal conversations  • With different project stakeholders and case representatives during weekly factory visits 
Documents  • Use-cases and functional requirements  

• Software  
• Meeting notes  
• Project and working groups presentations  
• Reports of issues, bugs and improvements regarding software  
• Project planning documents  
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observed and took field notes during the training and testing activities 
with future users, and the implementation pilot in the factory. We posed 
questions to the users of the new technology regarding their work before 
and after the adoption of the technology during many informal visits to 
the factory. 

The observations were crucial in clarifying how the design process 
unfolded, but also in understanding the individual and contextual fac-
tors that shaped the process, as well as for mapping the work design 
changes. In addition, we participated in numerous informal conversa-
tions with the different stakeholders. Much interesting information was 
captured after spending time with the people involved, allowing us to 
see the routines, culture, and behaviors evolve. In addition, after the 
start of the pilot implementation on the shop floor (between June and 
December 2019), we conducted 24 semi-structured interviews with 
people involved in the digitalization program to triangulate our obser-
vational data. We focused on two groups of people. 

First, we interviewed people that were actively involved in the 
design process of work as an active member of the project. We asked 
these interviewees to reflect on the technical and social changes, the 
motivation that drove their decisions, their knowledge regarding work 
design, and finally inquired about relevant organizational factors. Sec-
ond, we asked the users of the new technology (i.e., operators and 
manufacturing engineers) to explain the work design changes that they 
experienced during the use of the technology. Through interviewing 
both system designers and users of the technology, we obtained a 
balanced view of the mechanisms and effects, which validated our 
extensive observational data. Table 2 provides an overview of the 
different interviewees, including their role in the project and their reg-
ular function at the case organization. All interviews were conducted 
face-to-face (lasting on average about an hour) and were recorded and 
transcribed verbatim. We used a semi-structured interview protocol that 
evolved over the course of the data collection. To supplement the 
observational and interview data, other secondary, documentary evi-
dence was collected from the internal project database and included 
development and testing documents of the software, meeting notes of 
the different working groups, company and project presentations, and e- 
mails. 

To limit observer bias, the observations made were discussed and 
validated with the whole research team to ensure that the researcher 
remained objective. Moreover, there were different moments during the 
research period to discuss and reflect on intermediate findings with the 
case company. 

3.4. Data analysis 

The data collection and analysis followed a highly iterative nature. 

We started with an inductive data analysis, but also used deductive (or 
abductive) reasoning by drawing on the existing literature and con-
structs (Eisenhardt, 1989). We defined an initial research question and 
broad a priori concepts before we entered the field, focusing initially on 
the changes in job characteristics occurring during digitalization. When 
starting to collect data, we allowed us the flexibility to take advantage of 
emerging themes and relationships and adapt our research focus 
accordingly (Eisenhardt, 1989; Eisenhardt, Graebner, & Sonenshein, 
2016; Piekkari, Welch, & Paavilainen, 2009). Overall, we therefore 
followed an iterative process involving constant iteration backward and 
forward between the analysis steps to relate the data to the theoretical 
framework (Eisenhardt & Graebner, 2007). After further exploration, 
our research focus shifted from a deterministic assumption about the 
relationship between technology and the characteristics of jobs to 
acknowledging the importance of the socio-technical design process 
including the factors that influence it. It proved to play an important role 
when assessing, and fully understanding, the changes of human work 
triggered by digitalization. Our research focus then expanded to include 
the design process in our unit of analysis. 

Since we drew on existing literature to develop our research ques-
tions, the data analysis was based on three types of coding suggested by 
Miles & Huberman, (1994) and Miles, Huberman, & Saldana, (2019). 
This coding scheme is followed by many researchers and is a prominent 
method for data analysis in case research (Voss et al., 2002). This coding 
process allowed the reduction and categorization of data to draw con-
clusions regarding our research questions. Guided by an initial coding 
scheme derived from the theoretical concepts identified in the concep-
tual framework, we first assigned codes to phrases and paragraphs to 
organize the data into broad conceptual categories (Miles & Huberman, 
1994; Miles et al., 2019; Voss et al., 2002). Next, within each of these 
categories, we assigned descriptive first-order codes to further reduce 
the data for analysis. Third, based on these descriptive codes, we 
examined the data for emerging themes in relation to the broad con-
ceptual categories, i.e., grouping codes that were conceptually similar. 
This process included detailed review and discussions among the au-
thors on the conclusions, allowing us to define and refine the conclu-
sions drawn. The themes reflected the relevant organizational 
influences, individual influences, technical choices, social choices and 
changed job characteristics identified in the literature. This analysis was 
conducted for the work of manufacturing engineers and the work of 
operators, which allowed us to identify similarities and differences. 

To increase inter-rater reliability and strengthen the trustworthiness 
of the findings, each researcher separately coded a selected number of 
interviews, sharing and discussing the coding scheme afterward. We 
conducted several iterations of the coding process until we were satisfied 
with the type of codes and data. We used atlas.ti to build and maintain a 

Table 2 
Overview interviewees after the start of the pilot implementation.   

Relationship with project Number of interviewees Daily function outside project 

1 Member Functional Board 1 Site manager quality 
2 Member Functional Board 1 Site manager operations 
3 Member Functional Board 1 Site manager manufacturing engineering 
4 Chairman Functional Board 1 Project manager investments 
5 Member Functional Board 1 Logistics lead composite factory 
6 Member Functional Board 1 Program managers of aerospace program 
7 Member Functional Board 1 Site manager Supply Chain Management 
8 Member Functional Board 1 Site manager Human Resources 

9, 10 Member Development Team & user of digital technology 2 Manufacturing engineer 
11 Member Development team -& user of digital technology 1 Quality engineer 
12 Member Development team & user of digital technology 1 Process specialist (engineer) 
13 Member Development team 1 Quality lead 
14 Member Development team 1 Planning lead 
15 Member Development team 1 Dedicated project manager 
16 Chairman Steering committee 1 Site director 

17–21 User of digital technology 5 Operator 
22 User of digital technology 1 Team-lead operations 

23, 24 Implementation team 2 Quality controller  
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database in a systematic manner. Although the data was coded manu-
ally, the software was helpful in fragmenting, organizing and re-coding 
the data. 

We applied several techniques to ensure the trustworthiness and 
validity of our findings, including triangulation, multiple iterations of 
data analysis, and verification of findings with the case company. 

4. Case study 

In this section, we first provide background on the used terminology 
regarding manufacturing engineering and production execution. This is 
important input for understanding the nature of digitalization at the case 
company, which is described next. 

4.1. Background terminology 

In discrete manufacturing industries, it is quite common to structure 
manufacturing into a number of stages, where components or raw ma-
terials are transformed into intermediate products or final products. 
Each stage consists of several operations which transform materials or 
components into desired products. These operations are usually pre-
pared before orders are released for execution to the shop floor. The 
documents which contain these preparations are called work prepara-
tions or work definitions. The organization which manages the life cycle of 
these documents is called definition management. The people who do the 
work preparation are called manufacturing engineers in our case. The 
people who execute the work are called operators. The organization 
which manages execution is called production execution management and 
includes team-leads, quality controllers and planners. 

Operations consist of a number of detailed steps. Manufacturing 
engineers define operations by specifying the required detailed steps to 
be taken in executing the operation. For each step, they also specify the 
skills needed by operators, the tools, the machinery, and any additional 
components or materials required, and further instructions. Also, mea-
surements to be performed and machine parameters to be monitored are 
specified in detail (Matisoff, 1986). 

Traditionally, manufacturing engineers used texts to describe the 
work preparations, and operators were supposed to read these texts. 
However, experienced operators would skip the reading, because they 
know by heart what is needed to execute the operation. This may 
become a problem in case of changes of the work preparations: many 
operators will not notice a change in a long text unless they are explicitly 
notified. Therefore, modern work preparations tend to have little text, 
many visual explanations and changes accompanied by alerts. 

Although work preparations describe the work content of operations, 
these documents do not completely determine the work design of an 
operator. Likely, operators have other tasks that are not specified in 
work preparations, such as machine maintenance, tool cleaning, and 
continuous improvement actions (e.g., Kaizen). Furthermore, the work 
organization around issues such as personal care, taking a break, rules 
for collaboration and support between operators also contribute to the 
overall work design of an operator. Decisions on these aspects are usu-
ally taken by line managers and HR representatives. Our study will 
consider all work design decisions within the digitalization project, 
including those related to product definition. 

4.2. Nature of digitalization at the case company 

The digitalization project aimed to improve efficiency and product 
quality by standardization of manufacturing execution. Before the 
digitalization program, manufacturing execution was based on paper-
work that was printed when a workorder was released. Such a print 
(routing sheet) consisted of sheets of paper, where each sheet contained 
a list of steps required for the execution of an operation, including 
measurements. These steps were monitored by hand-written notes on 
the sheet. The same held for measurements. Some of the written values 

were entered in spreadsheets for quality control and other purposes. 
The digitalization program acknowledged that a key role for stan-

dardization of the manufacturing execution resided in the nature and 
definition of the work preparation documents. The work preparation 
documents were written and managed by manufacturing engineers, who 
had quite some freedom in the structure and content of the work prep-
aration documents. However, for quality-related measurement, they 
were supported by quality engineers, for maintenance-related work they 
were assisted by maintenance engineers, and for the machine settings 
and measurements they were assisted by process engineers. All these 
other engineers contributed texts which were compiled by a 
manufacturing engineer into the work preparation document, which 
was also referred to as shop-floor instructions. Also, drawings from CAD 
systems were copied into the work preparation documents. The 
configuration of these documents was completed per individual product 
in office applications and included process and product-specific infor-
mation, more specifically process instructions on how to produce a 
product, with what tools, and the specifications required. 

This way of working on product definition had a number of disad-
vantages. First of all, it was cumbersome. Work preparation documents 
were created and managed per individual product and often from 
scratch. Moreover, when writing these documents, texts of other engi-
neers were rephrased by manufacturing engineers in their own words. 
Moreover, it was very difficult to manage changes in products or in 
procedures from other engineering disciplines. In case of a change 
request, first, all the relevant products where the change needed to be 
implemented needed to be identified by the manufacturing engineer, 
followed by an implementation of the desired change per product. For 
products that were already in production, engineers spent a lot of time 
running through the factory to find them, and consecutively informing 
the operator about the change or writing it on the work preparation 
documents. Finally, it was difficult for the operators to find their in-
formation in texts which were structured according to the preference of 
the individual manufacturing engineer, and which were often long and 
verbose. It was also not easy to relate the work preparation documents to 
the steps which were printed on the routing sheet corresponding to the 
operation to be executed. Registrations (e.g., measurements, quality 
checks) were hand-written on the work order, but regularly incomplete. 

Accordingly, the digitalization project started by innovating the 
work preparation documents, and digitizing the processes related to the 
definition and management of these documents (i.e., definition man-
agement) and to activities of execution management (i.e., the way that 
operators receive the instructions). Next, we will present the findings 
regarding the resulting technical and social changes of the work of 
manufacturing engineers and operators. 

5. Analysis 

In Section 5.1, we answer research question 1 and 2 regarding the 
technical and social choices made in the design process of the work of 
manufacturing engineers and operators, respectively, including the 
resulting impact on relevant job characteristics. In Section 5.2, we 
answer research question 3 and 4 by presenting the factors that shaped 
the observed design processes. 

5.1. Designing human work 

5.1.1. The design of manufacturing engineers’ work 
The digitalization program started by innovating the work prepara-

tion documents, thereby affecting the configuration and change man-
agement activities (i.e., definition management) executed by 
manufacturing engineers. Regarding the technological changes of the 
work system, a key aspect was software centered on the provision of a 
digital library of instructions. The digital library implements a revised 
ontology model of the manufacturing domain, specifying and stan-
dardizing the manufacturing domain into (1) product-specific data, and 
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(2) process data and resources, each provided and controlled by 
different manufacturing disciplines (quality engineering, manufacturing 
engineering, process control). Templates are defined per product family 
that prescribe the required operations of a job, its activities, and the 
underlying methods to execute such activities. Workflow functionality 
enforces and partly automates the execution of the configuration and 
change management activities. Furthermore, a source & derived rela-
tionship of work preparation documents with the library enables digital 
revision control. Specifically, if the source text in the library changes, 
then the new text appears in all derived documents. This same principle 
holds for drawings and visuals. Finally, as-built information of the 
product is stored in a digital database. 

These technological changes make activities related to configuration 
management and change management much less cumbersome. The li-
brary facilitates a shared understanding and specification of the struc-
turing of manufacturing processes among manufacturing engineers. 
Specifically, it enables another way of structuring and controlling pro-
cess and product data, a shift from thinking in the preparation of specific 
text documents linked to individual products to thinking in preparing 
and controlling structural and controlled process activities from a 
generic library in relation to products and product families. In other 
words, manufacturing engineers’ work shifted from a product-focus to a 
generic process-focus. This shift was described as difficult and complex, 
as it required manufacturing engineers to think in abstract concepts to 
redefine their underlying data and process structure, with higher con-
ceptual thinking requirements. However, once the structure of the li-
brary was defined and implemented, and after the users were trained 
and educated in the usage of it, it actually simplified their daily work. 

Whereas previously work preparation documents were created in 
different office applications per individual product and often from 
scratch based on the manufacturing engineers’ discretion, their config-
uration is now done in one system by following a template which pre- 
determines approx. 80 % of the required content. This includes the 
required operations, the activities, and the methods. Moreover, changes 
to work preparation documents can now be implemented once at their 
source in the library, automatically updating the instructions across all 
linked product families, including manufacturing orders that are already 
in production. This new level of standardization and formalization 
reduced the number and variety of tasks and lowered manufacturing 
engineers’ discretion concerning how the tasks are executed, that is, it 
affected their autonomy. Templates and workflows determine the 
sequence in which tasks are executed, reducing planning autonomy, and 
the methods used to execute (part of) their work. 

Because the library was designed to contain generic standards 
applicable and used across production facilities, there is now an 
increased need for a broader harmonization for and interaction of 
manufacturing engineers with different stakeholders as opposed to 
taking decisions autonomously and locally. This can involve 
manufacturing engineers from other production departments, respon-
sible for other product families or production facilities, or other disci-
plines (such as process engineering). Moreover, because manufacturing 
engineers configure and change work preparation documents with the 
help of validated and tested methods and instructions, they reported that 
there is less need for firefighting, and hence problem-solving activities 
for issues emerging on the shop-floor are reduced. 

The development of the library facilitated the creation of a stricter 
and more transparent task division and specialization between the 
different engineering disciplines involved in configuration and change 
management. Whereas previously it was the case that manufacturing 
engineers executed different roles and thereby had more freedom to 
conduct a larger number of different tasks, in the new system, a clear 
role division is defined and enforced in terms of user’s roles, their tasks, 
and responsibilities. Senior production quality engineers are now in 
charge of defining the standard templates of process plans per product 
family. Process engineers are responsible for the design of the methods 
to execute manufacturing processes. Manufacturing engineers use the 

templates and configure these to a specific product. This task speciali-
zation reduced their task variety. 

Due to the described simplification and automation of repetitive and 
routine tasks, time was freed up for new tasks. These tasks include data 
analysis and improvement tasks, which are enabled by the richer 
amount of data that is available and can be analyzed to identify root 
causes of emerging problems related to a process or a product. Another 
new focus includes the continuous improvement of shop-floor in-
structions and their visual content (i.e., what is the best way to instruct 
operators on a certain task). To achieve this, manufacturing engineers 
are also increasingly encouraged to spend more time on the shop-floor to 
interact with operators to ensure that the instructions are feasible and 
that they closely resemble the ‘real world’. These new tasks are char-
acterized as more interesting and challenging, thereby enriching the job 
of manufacturing engineers. 

The design and adoption process of the library required various 
design iterations. These iterations were primarily a result of the design 
methodology adopted in the project, in which the improvements to the 
functionality of the software are broken down into time-boxed iterations 
called sprints. A large share of these iterations for manufacturing engi-
neers were planned iterations based on a concrete vision and roadmap of 
manufacturing engineering work in the digital future (i.e., work with 
standard libraries). Functionalities and improvements to the software 
were prioritized, and planned over a certain time period. For example, 
the design of the library took precedence at first, and at a later stage, the 
change management functionality needed to be advanced to further 
simplify manufacturing engineers’ work. 

In addition to the planned iterations, some changes resulted from 
progressive insights obtained during the usage of the software, and 
especially from learning on the job. For example, the ease of use of the 
user interface (UI) of the software was perceived by engineers as low, 
which resulted in an updated UI layout with more possibilities to work 
with different visuals and formats. Overall, the technical and social 
choices made were based on a concrete vision regarding digital 
manufacturing engineering, putting the work of manufacturing engi-
neers central to the design process and actively involving users, that is 
developing technology that enables this vision. These observations 
allow us to characterize the design process, although probably unin-
tentionally, as a socio-technical design approach. 

In sum, the answer to research question 1 is that digitalization has 
led to changed but more appealing jobs. The digitalization of work 
preparation promoted a shift of work from a strong focus on repetitive, 
cumbersome, and routine tasks related to configuration and change 
management, to a focus on the continuous improvement and analysis of 
processes. This includes a higher degree of specialization, as well as 
more interaction and dependence between manufacturing engineers 
with other engineering disciplines (across facilities) and with operators. 
The system designers, which included several engineers from different 
disciplines, designed the work based on a concrete vision of 
manufacturing engineering work in relation to digitalization. They 
adopted a socio-technical design approach, thereby following a pri-
marily planned yet highly iterative development process of the tech-
nology with room to learn, make mistakes, and adapt. 

5.1.2. The design of operators’ work 
Innovating the work preparation documents through the design and 

implementation of a digital library implied technological and social 
changes related to the work of operators. The aim was to provide the 
operator with all information needed for precisely the step being 
executed and nothing more. This was achieved by the adoption of a 
digital system that provides detailed digital shop-floor instructions 
based on the work preparation documents of manufacturing engineers. 
The operators interact with the system to select, start and finish opera-
tions of a production order and to receive the relevant information for its 
execution (manufacturing instructions, sequence of steps within the 
operation). Enabled by workflow functionality, the shop-floor system 
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enforces and controls the steps as pre-defined, including data verifica-
tion of the conditions of the sequence. 

In terms of changes in operators’ tasks, we distinguish changes 
caused by (1) the revised structure of the work preparation document 
and (2) the functionality of the technology that implements this struc-
ture on the shop-floor. First, with the help of the digital library, 
manufacturing engineers create the manufacturing instructions for op-
erators, thereby defining in detail the type and sequence of activities of 
an operation, and how these have to be executed, including a description 
of the methods, the steps, and the required tools. In other words, by 
defining the data structure and the content of the digital library, they 
determine in detail how and when operators have to execute tasks. Even 
though manufacturing execution processes were already highly 
formalized before digitalization, operators reported that they experience 
less discretion and flexibility in deciding how and when to execute a task 
after digitalization. This represents reduced planning and method au-
tonomy. The revised instructions were described as more detailed, 
standardized, and formalized than before, yet also provided a new level 
of clarity and precision that reduced ambiguity. Moreover, the in-
structions were described as less verbose than previously and include 
more visual content, such as 2D and 3D models and short videos, 
reducing the time spent on reading the instructions. 

Regarding changes caused by the technology, we found that the 
execution of the instructions is enforced and controlled by workflow 
functionality, discouraging the divergence from prescribed and stan-
dardized processes. Operators are guided through the process in a 
stepwise manner, and if specified, are requested to enter data on the 
spot. The system evaluates whether these data registrations meet pre- 
specified conditions, and can determine an alternative workflow based 
on its outcome. For example, operators are required to provide regis-
trations regarding the measurements of the product, and if norms are not 
met, a standard-repair process can be determined. Operators perceived 
reduced job autonomy as a result of these technological changes. 

To overcome human error and reduce the time spent on adminis-
trative tasks, where possible the digital shop-floor system was designed 
to automate data registration tasks and data control tasks, reducing the 
variety of tasks of operators. For example, this includes registering the 
start- and finish time of a product, validating the authorization re-
quirements of an operator or checking if all data registrations are 
complete. 

The user interface of the system was designed in such a way that the 
operator is provided with all the information needed precisely for the 
task being executed, and nothing more. Specifically, all relevant shop- 
floor information is synthesized clearly in one screen, reducing the 
time spent searching, scanning, and collecting information, allowing 
operators to focus on the actual production task and less on searching for 
relevant information. Operators are informed by the system if process 
conditions are not met, which increases the feedback they receive 
regarding their task performance. 

Regarding the design process, various change iterations to the 
technology, but also changes to the instructions (i.e., work preparation 
documents) were required. However, in contrast to the design and 
development process of the digital library used by manufacturing en-
gineers, a large share of the iterations was a result of interfering un-
foreseen human factor issues leading to problems and inefficiencies on 
the shop-floor, resulting in unexpected outcomes for operational excel-
lence. For example, as opposed to reducing the number of administrative 
tasks (e.g., collecting data, checking data), the new technology initially 
led to a significant increase of such tasks. Triggered by operators’ 
complaints, but also due to the realization of the inefficiency of this 
approach, system designers reevaluated the library structure, which in 
turn led to a significant reduction of data registration and data controls 
tasks for operators. Another interesting example addresses the ability of 
operators to diverge from enforced instructions. During the imple-
mentation, several situations emerged in which it was necessary and 
beneficial to diverge from the standard instructions to avoid disruptions, 

delays, and inefficient work processes, but impossible to do so using the 
active version of the technology. As a result, system designers defined 
conditions in which operators could diverge from the standards, for 
example, conditions under which a standard repair process could be 
executed, or an alternative production method could be chosen. These 
alternative processes, in turn, were also defined and standardized, yet 
provided operators with more flexibility, being less dependent on the 
input of team-leads in repeating situations that discourse from the 
standard. 

Since less attention was given to how the technology should be 
designed to meet operators’ needs, and the design focus centered on the 
design of the digital library, the redesign process of the work of opera-
tors can be characterized as techno-centric. Operators’ revised work 
design was largely determined by the new technology, as system de-
signers failed to consider different design options beforehand, and 
initially showed little awareness of human needs. However, the impli-
cations of such an approach included the necessity to adapt the tech-
nology, or the library, as a result of problems and inefficiencies on the 
shop-floor. By trial-and-error, and due to increasing awareness of the 
implications of the redesign for operators, the design process gradually 
shifted, again unintentionally, towards a more socio-technical design 
approach that addressed human factors. 

In sum, the answer to research question 2 is that digitalization has 
led to simplified work of operators. We found that the design of the work 
had the strongest impact on operators’ autonomy due to the further 
standardization, formalization, and enforcement of operators’ tasks. 
Operators’ work shifted to focus on the physical production tasks with 
less information processing requirements and task variety due to the 
reduction of administrative tasks related to the data registration and 
data control, and improved shop-floor instructions. Automatic feedback 
is now provided if certain quality parameters regarding the process or 
product are not achieved. 

The design of operators’ work was triggered by the design of a new 
way of working for manufacturing engineers, which largely determined 
operators’ work. In contrast to the socio-technical design approach of 
manufacturing engineers’ work, the design of operators’ work reflected 
a techno-centric design approach. A large share of the implications for 
operators’ work was not foreseen, resulting in issues and problems 
during the implementation process. As a result, several iterations were 
required after the initial implementation, based on a trial-and-error 
approach to learning. 

5.2. Factors shaping the design process 

In this section, we provide the answer to the second and third 
research question on how individual and organizational factors shape 
the redesign of work. First, we focus on the individual factors of work 
design knowledge and motivation (Section 5.2.1, research question 3), 
followed by the characteristics of the organization that influence these 
individual factors (Section 5.2.2, research question 4). 

5.2.1. Individual factors: The role of knowledge and motivation 

5.2.1.1. Individuals’ knowledge of socio-technical design. We explored 
the nature and role of system designers’ knowledge regarding socio- 
technical design. We found that system designers have very limited 
theoretical knowledge of work design theories, such as the job charac-
teristics model, the demand-control model, STS, or concepts such as 
motivation, well-being, or work stress. Based on the observations and 
interviews, we characterize system designers’ knowledge as primarily 
mechanistic (i.e., aiming for job simplification including job standardi-
zation and the control of work processes). They are trained in engi-
neering and not in psychology and therefore look at their world with an 
engineering lens. They have experience in the design and operation of 
engineered systems, focusing on standardization and the control of work 
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processes including processes where operators play an important role. 
Even more, during the interviews and conversations, system designers 
were puzzled about what the concepts of work design, job characteris-
tics, or socio-technical system design actually mean, and described this 
way of thinking and designing processes as new to them. It was generally 
perceived as difficult by the researchers to discuss processes from a 
perspective that transcends the traditional mechanistic approach to 
system design. In addition, it was also mentioned by interviewees that it 
was challenging to predict the impact of designed changes on workers 
due to their limited experience of digitizing processes, thereby justifying 
the adopted trial-and-error approach. 

Accordingly, during digitalization, system designers designed the 
work of operators from a technical, engineering perspective (i.e., they 
followed a techno-centric approach), and not by jointly considering both 
technical and social aspects as expected in a socio-technical approach. 
When system designers observed in the course of the project that the 
outcome was not what was expected due to human factors at the level of 
the operators, the responsible changes were repaired in several cycles as 
they emerged. They learned by doing (mistakes), which made them 
more aware that human factors matter throughout the project, thereby 
building up important tacit knowledge to potentially alleviate this 
collateral damage in the future. The lack of explicit work design 
knowledge was found to impede a more proactive work design 
approach. 

For the work of manufacturing engineers, system designers balanced 
the technical and human aspects during the design of human work (i.e., 
they followed a socio-technical approach), albeit unconsciously. With 
unconscious we mean that they were not specifically aware of the 
adoption of such an approach. Similar to the design of operators’ work, 
they followed an iterative process characterized by learning by doing, 
however to a lesser extent. They were guided by a clear and thorough 
vision of manufacturing engineering work in the digital future, however 
also identified some improvements and adaptations during the design 
process. Overall, explicit work design knowledge was largely absent and 
therefore a negligible factor in positively shaping the design process of 
manufacturing engineering work. A much stronger antecedent was their 
strong motive to keep or enhance the quality of manufacturing engi-
neers’ work. 

5.2.1.2. Motivation. We found the motivation of system designers 
regarding the design to be an important antecedent. We specify two 
types of motivation, namely extrinsic motivation, which is driven by 
external factors, and intrinsic motivation, driven by the individual’s 
own goals or interests. 

The design process of operators’ work was shaped by a strong 
extrinsic motivation driven by the digitalization project goals, which 
were focused on creating more efficient, transparent and controlled 
manufacturing processes through digitalization. In the course of the 
project, the system designers were also motivated to reduce and repair 
the unexpected outcomes for operational excellence caused by the 
interfering human factors (e.g., less productive operators). 

For the work of manufacturing engineers, system designers designed 
the work not only with the mentioned project goals in mind, but with a 
strong motive to enhance the quality of their own engineering job based 
on a clear vision and roadmap of how technology can make the work less 
cumbersome and hence more appealing. This contributed to them 
balancing both technical and social factors when redesigning the work 
from the start. 

In sum, the answer to research question 3 (impact of individual 
factors) is that explicit knowledge on work design was lacking, which 
shifted the emphasis to the design of the technical system. However, 
intrinsic motivation was found to be an important factor to include so-
cial aspects in the design approach of the work of manufacturing engi-
neers. The engineering-based knowledge and extrinsic motivation drove 
the techno-centric design of operators’ work. The finding suggests that 

intrinsic motivation is an important factor that mitigates the lack of 
knowledge regarding socio-technical design. 

5.2.2. Organizational factors: the role of context 
Now that we have presented the findings on how the lack of work 

design knowledge and motivation shaped the redesign process, we focus 
on the relevant organizational influences. These are the project goals, 
the project organization, and the organizational culture. 

5.2.2.1. Project goals. The goals of the digitalization project centered on 
achieving operational excellence, and neglected human factors related 
outcomes. In particular, the formulated goals included the improvement 
of (1) operational efficiency concerning operations, manufacturing en-
gineering and quality control, (2) product quality, and, (3) information 
availability and accessibility. The achievement of these goals was 
measured during the project to demonstrate the delivery of a sound 
financial business case to justify further investments and a broader 
rollout of the newly developed technology. Desired human factor effects 
were not formulated as part of overall project goals. In addition to the 
lack of awareness and knowledge, interviewees referred to their 
perceived inability of quantifying human factor effects in relation to the 
technological change. 

The goals directed the activities of the project and provided system 
designers with leeway, or opportunity in terms of resources (e.g., 
person-hours, budget) made available. It particularly shaped the 
extrinsic motivation of system designers to design a digital work system 
that enabled these goals. For the work of manufacturing engineers and 
operators, efficiency and quality improvements were achieved through 
automation of repetitive and cumbersome tasks, through standardiza-
tion and through formalization. Even though the contribution of the 
integration of human factors to the achievement of these goals was 
initially ignored, system designers became increasingly aware of them 
after the redesign due to interfering human factors. Hence, when human 
factors interfered with these goals, system designers adapted their 
design approach accordingly. 

5.2.2.2. Project organization. Another factor that played a role is the 
adopted project organization for digitalization, specifically the different 
actors that were involved and responsible for the design process. 
Throughout the course of the digitalization project, the development of a 
digital engineering library became a crucial enabler of digitalization at 
the case company, shifting manufacturing engineering into the center of 
all design activities. Consequently, the manufacturing engineering 
discipline took on a leading role as system designers, receiving input 
from other involved disciplines during the design and adoption process. 
This organization of the design team implies that the redesign of the 
work of manufacturing engineers was to a large share steered by engi-
neers themselves, who were provided with significant opportunity, or 
leeway, to design their work according to their defined vision. Accord-
ingly, they were motivated to take this opportunity to create appealing 
jobs for themselves. While crafting their jobs, they balanced social and 
technical factors, albeit unconsciously. 

Operators were involved in the design process to a limited extent. 
They formed a source of feedback later in the project during the adop-
tion of the technology. Therefore, they had little opportunity to design 
or craft their work early during the design process. The majority of 
feedback they provided focused on the interaction of the operator with 
the technology on the shop-floor (e.g., how are the new instructions 
perceived, are instructions clear and usable). Other elements of the job 
which were not directly affected by the technology but are still relevant 
in the context of digitalization, and which are usually designed by su-
pervisors or line managers, were not addressed during the design due to 
the limited involvement of operators. These other elements include for 
example what decisions are taken centrally, and which ones are 
decentralized; the accessibility of colleagues during the execution; the 
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tasks that operators can pick up when time is freed up due to digitali-
zation. Moreover, team-leads and supervisors were hardly involved in 
the design team. Human factors specialists (i.e., human resources (HR)) 
were involved in the project primarily on a strategic level and provided 
advice on privacy issues and communication. They failed to advise on 
work design related issues. System designers also mentioned the absence 
of a set of best practices or organizational guidelines to address social 
aspects as a major constraint. 

5.2.2.3. Organizational culture. The organizational culture and the na-
ture of the industry were identified by interviewees as a contributor to 
the current state of knowledge regarding socio-technical redesign, and 
the focus on the achievement of operational excellence as the main 
driver of system design. The organizational culture was characterized by 
interviewees as engineering and technology-focused, placing top prior-
ity on the demonstration and execution of high engineering capabilities, 
reflected in the production of high-tech products meeting the highest 
quality standards. Interviewees referred to themselves as technicians 
that are highly focused and immersed in the technological aspects, 
focusing on producing high-quality products. An important aspect that 
shapes this organizational culture is the nature of the industry the case 
company operates in. They operate in an industry of highly complex, 
and safety–critical products, leading to very high compliance re-
quirements towards their customers but also regulators. As a result, the 
compliance to requirements must be continuously monitored and 
demonstrated, for example, in terms of the manufacturing processes and 
the produced products. 

6. Discussion and conclusions 

6.1. Main findings 

Through an in-depth industrial case study, this paper describes the 
interconnected design processes of white- and blue-collar work and 
explores how these processes influenced the job characteristics of 
manufacturing engineers and operators in a digitalization project. In 
addition, relevant individual and organizational factors are studied that 
explain why the overall design process unfolded in the way it did. 

Digitalization to standardize manufacturing execution was found to 
not only influence the work of manufacturing engineers, who switched 
from a product focus to a generic process focus in order to efficiently 
create work preparation documents, but also the work of operators, who 
had to cope with the adopted digitalization solutions. Interestingly, the 
design processes of the work of manufacturing engineers and operators 
clearly differed. The design of the work of manufacturing engineers 
followed a socio-technical design approach, guided by a concrete vision 
of manufacturing engineering work and strong involvement of the 
manufacturing engineers from the start of the project. In contrast, the 
design of the work of operators focused on the technical system, did not 
sufficiently address the needs of operators from the start, and therefore 
required several iterations resulting from unforeseen human factor is-
sues that led to problems and inefficiencies. 

System designers had very limited explicit work design related 
knowledge, which explained the emphasis on the design of the technical 
system, especially within the design of the work of the operators. For the 
design of the work of manufacturing engineers, the strong motivation of 

the manufacturing engineers involved in the process to enhance the 
quality of their own work mitigated their lack of work design knowledge 
and led to a more socio-technical design approach. 

Organizational factors that were found to play a role in the design 
process were the project goals, the project organization, and the orga-
nizational culture. The goals of the digitalization project strongly 
focused on achieving operational excellence and the integration of 
human factors to achieve these goals was initially ignored. The project 
organization provided manufacturing engineers a pivotal role in which 
they could craft their own jobs, balancing social and technical factors, 
whereas the role of operators stayed reactive. Finally, the engineering 
and technology-focused organizational culture enforced the emphasis 
on achieving operational excellence as the main driver of system design. 

As a result of digitalization, the work of manufacturing engineers 
was simplified and routine tasks were automated. However, their 
initiative and leeway to take up new and more challenging tasks, 
including data analysis and continuous improvement tasks, resulted in 
enriched jobs. The work of operators was simplified due to digitaliza-
tion, with decreased autonomy and a larger focus on physical production 
tasks enforced by the execution system. Iterative adaptations during the 
design process reduced some of these negative effects. The results are 
summarized in Fig. 2. 

6.2. Theoretical implications 

Our findings confirm the concurrent impact of digitalization on blue- 
and white-collar work. Specifically, we find a degradation scenario for 
blue-collar work and an enrichment scenario for white-collar work. In 
other words, collar matters. We found that operators’ work is increas-
ingly controlled by digitalization and consists of remaining tasks which 
cannot be easily automated for technical or socio-economic reasons, 
representing an ‘automation scenario’ (Hirsch-Kreinsen, 2016). This 
contradicts the enrichment scenario of operators’ work as currently 
sketched in a part of the literature (Pinzone et al., 2020; Rauch, Linder, 
& Dallasega, 2020; Romero, Bernus, et al., 2016). The enrichment sce-
nario envisions operators’ work to become much more complex due to 
increasing product and process complexity on the one hand and the 
required interaction with computational automation devices on the 
other (Lazarova-Molnar, Mohamed, & Shaker, 2017). Also, the expec-
tations that operators will take on an increasing number of white-collar 
tasks (e.g., engineering tasks) (Stern & Becker, 2017) is not supported by 
our findings. Rather, we found that blue- and white-collar tasks 
remained separated. Furthermore, despite an increased standardization 
and formalization within white-collar work, digitalization enabled new 
opportunities to be built into their work, resulting in job enrichment. 

An explanation for these different outcomes that is well-known from 
previous research is that there is no pre-determined effect of technology 
on work design (Clegg & Corbett, 1986; McLoughlin & Clark, 1988; 
Waschull et al., 2020), rather there are many different choices con-
cerning the work of humans during technological change. Our findings 
suggest that the human factor effects may depend on the extent to 
which, and at what moment, human factors are considered during the 
design and implementation process. As observed for the design of the 
work of operators, failing to actively consider the different work design 
options early in the design process led to interventions to repair human 
factor issues. 

Fig. 2. Summary of the case study results.  

S. Waschull et al.                                                                                                                                                                                                                               



Computers & Industrial Engineering 165 (2022) 107910

12

We support the recent evidence which showed that enriched work 
design does not ‘come naturally’ to managers and white-collar workers 
(Parker et al., 2019). The system designers were experts on the tech-
nology and involved processes and lacked work design knowledge. This 
is in line with earlier studies stating a knowledge gap of organizations 
and system designers regarding the nature and importance of human 
factors in the design. Considering that we currently observe an un-
precedented number of technological innovations being developed or 
implemented at organizations worldwide with great potential to take on 
human tasks, this knowledge gap poses a major risk for the design of 
human-centric technologies. It reduces system designers’ awareness of 
human factor issues but also constrains them to anticipate how technical 
and social systems are interdependent. 

Therefore, it is important to determine how to move from a reactive 
to a proactive work redesign process, a challenge already posed by Davis 
et al. (2014). We found that an important enabler of a more socio- 
technical design approach was the motivation of system designers 
(manufacturing engineers), who had significant opportunity to redesign 
their work due to the organization of the project and their resulting 
involvement in the design. The idea that employees actively shape both 
the tasks and social relationships of their job in a bottom-up fashion to 
increase work meaning and work identity is a long-standing one and is 
also referred to as job crafting (Tims, Bakker, & Derks, 2013; Wrzes-
niewski & Dutton, 2001). Provided with the opportunity to craft their 
job in light of digitalization, system designers were strongly driven by 
their intrinsic motivation, and not by knowledge about work design, to 
create appealing jobs for themselves, thereby unconsciously ensuring 
that social aspects were considered alongside technological aspects. 

Furthermore, the formulation of the organization’s project goals can 
steer the external motivation of system designers to include human 
factors in work design. The prominent performance goals in 
manufacturing are speed, quality, costs, flexibility, and dependability 
(Slack, Chambers, & Johnston, 2010). Considering that overall system 
performance is influenced by employees’ performance, which in turn 
depends on the human factors considerations (Sgarbossa et al., 2020), 
organizations should include desired employee performance in their 
goal formulation. This will motivate system designers to proactively 
design a socio-technical system that achieves both operational and 
human performance objectives. 

6.3. Limitations and directions future research 

This work has several limitations. The study focused on a single 
digitalization project that formed a pilot study as opposed to an 
organization-wide rollout. While we support the strength of the single 
case study as motivated in the research design, we recognize that our 
single case does not lend itself to represent a whole class of other cases, i. 
e., that it makes accurate theoretical generalizations of the topic under 
exploration. Generalization was not the main goal of this research, 
rather our study was motivated by the lack of studies on the inherent 
complexities of the design process of work. Theoretical generalization 
should be sought for on the basis of our insights and tested in future 
studies, e.g., by considering different industries, or types of technologies 
that are implemented. Nevertheless, we believe our results to be sig-
nificant in terms of external validity and hence applicable to other cases. 
We chose an organization that started their digital transformation 
journey towards achieving their Industry 4.0 vision, thereby exper-
imenting how to transform from a high degree of manually controlled 
processes to digital and more automated processes. This context is 
similar to many discrete manufacturing organizations that are starting to 
experiment with digital technologies, and which face similar challenges 
with regards to their current level of digitalization and lack of 
experience. 

Finally, the pilot was funded by an innovation grant, and had only 
limited organizational reach at the time of data collection. Even though 
it allowed the research team to track the resulting redesign processes in- 

depth, it also constrained the system designers in terms of the resources 
they had available to focus their attention on the design process. 
Stakeholders involved in the project had other daily job demands, which 
they sometimes prioritized over the project demands. 

Future research should deploy multiple-case studies of different in-
dustrial work contexts to replicate our findings. Furthermore, we sug-
gest investigating different design processes in terms of the choices made 
by the different stakeholders. For example, how does the background of 
stakeholders such as engineers, information technologists, operations 
managers, or software architects influence the design process and the 
type of decisions made? Doing so would allow us to develop dedicated 
interventions that could help to facilitate a more proactive design 
approach in which human factors issues are considered alongside 
technology (Parker & Grote, 2020). A final recommendation based on 
our findings addresses the involvement of the end-user in the design 
process. We suggest to further examine the role of job crafting in relation 
to how exactly people might craft the impact of the new technologies 
during the selection, design, or adoption of new technology. 

6.4. Practical implications 

Enriched work design lies at the center of obtaining positive out-
comes for not only the individual worker but also for the organization as 
a whole. In other words, having motivated workers not only contributes 
to making them happier but also more productive, which should provide 
a clear incentive to organizations to jointly design the technical and 
social systems and to include performance goals related to human effects 
in their overall project goals. 

Despite the existence of various redesign approaches and frame-
works focused on socio-technical design (Hughes, Clegg, Bolton, & 
Machon, 2017), generally they are not taken up by organizations, 
leading to an inadequate consideration of human issues: many practi-
tioners take the technology as given, and they design the social system 
around it (Baxter & Sommerville, 2011; Clegg, 2000; Parker & Grote, 
2020). To ensure technology better suits human needs, it is crucial to 
make organizations and the different stakeholders involved in the design 
or selection of new technology aware of human factor issues, and to train 
system designers in redesigning work and in using a socio-technical 
approach in their work. Explicit work design knowledge will enable 
system designers to more proactively shape the design of technology and 
(more quickly) meet the envisioned human needs. 

Finally, organizations aiming to design or adopt new technology 
should ensure a diverse project organization. Preferably, this should 
include knowledgeable system users provided with enough leeway and 
resources to design work to take into consideration the many different 
aspects of the design process, including human factors. Since digitali-
zation was found to impact blue- and white-collar work differently, the 
project organization should include representatives of all users impacted 
by it. In addition, team-leads, supervisors, or HR representatives should 
be involved to proactively consider the broader impact of digitalization 
on work design. 
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