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Abstract
This study seeks to gain knowledge about key conditions in the process of digitalization using a socio-technical systems 
design as a theoretical framework and a case-study approach. Semi-structured interviews with 15 relevant stakeholders are 
conducted to learn about barriers to and enablers of the development and implementation process in a manufacturing com-
pany. After conducting a thematic analysis, eight higher-ranked themes relevant to the digitalization process are identified. 
These are grouped to describe the overarching phenomena, resulting in four enablers (shared trust, shared visual understand-
ing, shared user perspective, and shared learning) and four barriers (trusting the system, understanding benefits, perspective 
of economics, and learning to manage scope). The study takes a holistic view of digitalization in its investigation of the 
development and subsequent implementation processes. The findings contribute to the literature via three key takeaways for 
stakeholders of a digitalization process in manufacturing. First, it is vital to understand and strengthen the role of the key 
enablers identified in this paper. Second, managers should observe and identify barriers in their own organizations, related 
both to technical and social aspects. Third, some of the enablers described in this paper can serve managers as helpful tools 
to approach the expected barriers to digitalization. This paper also challenges the research literature by arguing that research 
conducted on digitalization that sets new standards and premises for the working life in industry needs to use up-to-date 
socio-technical design concepts and theories.

Keywords Agile process · Democratic dialogue · Digitalization · Development process · Engineer-to-order manufacturing 
(ETO) · Industry 4.0 · Implementation process · Social-technical system design

1 Introduction

Working life is in continuous change, and digitalization has 
been identified as a major trend affecting these changes. To 
be competitive, organizations need to find ways of coping 
with change, while at the same time, innovating and improv-
ing. The ongoing fourth wave of technological revolutions in 
manufacturing, termed Industry 4.0, sets new standards and 
premises for the working life in industry. There are numer-
ous definitions of Industry 4.0 (Salento 2018); in this paper, 
it refers to a socio-technical system that reconfigures the 
relationship between people and organizations, technologies 

and production systems, production, and consumption, and 
that proposes a new relationship between society and indus-
try in a digitalization process (Cherns 1976; Mazali 2018). 
Many companies view digitalization as an enabler for greater 
competitiveness (Ferreira et al. 2019). Digitalization also 
has many definitions, but one overall definition that fits well 
with the context of our study is that digitalization refers to 
changes in the nature of work, roles, and business as a result 
of the adoption of digital technologies in an organization 
or in an organization’s operational environment (Parviainen 
et al. 2017). Digitalization is about rethinking current opera-
tions from new perspectives that are enabled by digital tech-
nology (Parviainen et al. 2017).

How to handle digitalization while being competitive 
is not straightforward. To fulfil the potential for increased 
value, companies should ensure that their workers find digi-
talization useful and relevant. Sufficient, appropriate skills 
and competences are crucial to maintaining high produc-
tivity in the future. This is important in Norway, as it is 

 * Sylvi Thun 
 sylvi.thun@sintef.no

1 Technological Management, SINTEF Digital, Trondheim, 
Norway

2 Health, SINTEF Digital, Oslo, Norway

https://orcid.org/0000-0001-6275-0112
https://orcid.org/0000-0002-5489-3241
https://orcid.org/0000-0002-8941-6082
http://crossmark.crossref.org/dialog/?doi=10.1007/s00146-021-01174-4&domain=pdf


 AI & SOCIETY

1 3

a high-cost country where increased productivity can pre-
vent outsourcing of workplaces. Companies need to take 
a proactive approach because the impact of digitalization 
will increase over the coming years (Parviainen et al. 2017). 
Digitalization of industry is expected to begin a phase of 
employment renewal that might be painful for some but will 
have a beneficial effect overall (Salento 2018).

As the focus on digitalization evolves, it is relevant to 
remember that digitalization is not an isolated phenom-
enon that occurs in a vacuum (Salento 2018). Digitaliza-
tion affects the entire organization and its surroundings. 
However, discussion of the organizational and social effects 
of digitalization is still underdeveloped (Mazali 2018). The 
successful process of implementing new practices involves 
integrating several social and technological processes that 
are more or less complex (Landmark et al. 2019; Mazali 
2018). An essential step in the development and implemen-
tation of new practices is to provide necessary and well-
functioning solutions to all workers within the organization. 
An important assumption is, therefore, that manufacturing 
companies must facilitate digitalization so that operators 
understand the need for it and can take greater responsibility 
in their companies. If the interaction between technical and 
social structuring factors is not addressed, organizational 
transformations are less likely to be successful (Orlikowski 
1996).

To gain a deeper understanding of the development and 
implementation of digitalization, socio-technical systems 
design (STSD) theory is an appropriate theoretical frame-
work that focuses on the interplay between work, people, 
and technology, and on the involvement and participation 
of stakeholders. The framework does not have a one-size-
fits all mentality. To take advantage of the positive effects 
of digitalization, companies need to ensure that the needs 
of people and social systems are respected and brought into 
balance with the advantages that technology offers. Conse-
quently, there is a need for a deeper understanding of the 
development and implementation processes in digitalization, 
as well as of the consequences of the interfaces between 
humans, digital technology, and organizations. Knowledge 
about this can be developed by looking at what actually hap-
pens in digitalization projects. Hence, the objective of this 
study is to gain knowledge about key conditions in the pro-
cess of digitalization using modern STSD as a theoretical 
framework and a case-study approach. By considering the 
previous research on enablers and barriers and the theoreti-
cal perspective of modern STSD presented in the theoretical 
perspectives, this article addresses the following research 
question (RQ):

What are the enablers to and barriers of the develop-
ment and implementation process of digital applica-
tions in a manufacturing company?

We argue that research on the development and imple-
mentation process will contribute with knowledge about 
the possible gains of digitalization at different levels in 
an organization. Until now, there has been little empirical 
research on the barriers to and enablers of the development 
and implementation stage of digital applications and in 
particular, through the lens of modern STSD. A relevant 
notion of modern STSD when analysing digitalization cases, 
is that technology, work, and employees are components that 
together constitute the organizational work system, and that 
they need to be studied in terms of how they are connected, 
interact, and produce effects (De Sitter et al. 1997). There 
are only a handful of articles in the research literature that 
use modern STSD in studies conducted in Norway (e.g., 
Claussen et al. 2019; Haga 2019; Landmark et al. 2019; 
Ravn 2019). This article will also contribute with practi-
cal implications. For instance, it will highlight information 
about the introduction of digital applications into the envi-
ronment of users. Our case-study approach will provide a 
sound empirical contribution to the field, which has thus 
been rather theoretical this far. This paper also adds to the 
small body of literature that has addressed digitalization in 
engineer-to-order (ETO) manufacturing companies. Empiri-
cal research conducted in manufacturing organizations is 
highly needed as it has become increasingly less visible in 
the scholarship (Salento 2018).

This study also contributes to the research literature using 
a modern STSD perspective, which is more relevant than 
ever for understanding how to balance the needs of human 
beings and social systems with the advantages and chal-
lenges digital technology offers (Claussen et al. 2019; Pas-
more et al. 2018). Many organizations encounter the same 
challenges of staying agile while dealing with rapid change 
and growth. Most companies today need workers who can 
adapt, innovate, and apply new technologies to enhance the 
speed, quality, and costs involved in serving their customers. 
To attract workers with the capabilities of handling these 
changes, organizations need to make work that not only pays 
well but is also meaningful, challenging, and enjoyable (Pas-
more et al. 2018). Using a case-study approach, we are able 
to study an organization during the digitalization process 
and to contribute with data about what really happens.

The structure of the article is organized as follows: in the 
theoretical perspectives, we address previous research on 
enablers and barriers of digitalization, followed by descrip-
tion of a socio-technical system perspective to look at factors 
likely to influence the digitalization processes of such organ-
izational work systems. In the method section, we describe 
the case study, research process and ethical consideration. In 
the result section, we present the conducted analysis resulted 
in four main enablers and four main barriers. The findings 
are presented with exemplary quotes together with interpre-
tations of the findings. A summary of the results is presented 
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in one figure. Subsequently, we present a discussion of the 
findings, implication for practice, suggestions for future 
research, and concluding remarks of the paper.

2  Previous research and theoretical 
perspectives

2.1  Enablers and barriers

Manufacturing companies must improve their offerings to 
meet new industry standards and market requirements. The 
pace of change in market needs has increased because of 
advances in digital technologies (Abrell et al. 2015). The 
research literature has addressed some barriers relating to 
ongoing digitalization. Technology-related factors, such as 
technical problems, poor usability, low situation awareness, 
and increased qualification requirements, have been expe-
rienced as potential challenges when working with mod-
ern production technologies (Körner et al. 2019). Technical 
problems, particularly software problems (crashes, software 
errors, delayed system reactions to user input, and software 
freezes) have been described as frequently occurring stress-
ors. Technical problems lead to interruptions, added time 
pressure, and multitasking in a negative way (Körner et al. 
2019). The main consequences of these barriers are interrup-
tion of workflow and slowdown of the work process, which, 
in turn, increase the time pressure and perceived work stress. 
Technology-based demands, such as rapid changes in the 
production process and high complexity of the production 
system, together with organizational factors, such as lack 
of adequate training and the possibility of participating 
during the change process, affect the experience of work 
stress. Another barrier that is observed is that digitalization 
sometimes fails to reach the operational level. The process 
is top-down, and operators are less likely than managers to 
be satisfied with new digital tools (Thun et al 2019).

However, there are also positive effects of digitalization 
and some research findings have revealed its important ena-
blers and potential consequences. Digitalization can provide 
benefits like increased transparency and agility of manu-
facturing operations, proactive optimization by dynamically 
generating action recommendation, knowledge sharing and 
delivery of (near) real-time information to both workers 
and supervisors (e.g., Gröger et al. 2016; Leyer et al. 2019), 
reduction in heavy physical work, faster work processes and 
improved flexibility, increased professional competencies, 
methodological competencies, and more opportunities for 
growth (Leyer et al. 2019). Digitalization can lead to better 
work preparation and a high level of awareness during the 
execution of work, a reduced coordination effort, avoidance 
of double routes, easy expert identification and contact, and 
different kinds of support (Leyer et al. 2019).

More specifically, digital applications can be used to 
increase the visibility of operations and performance status, 
to gain a systematic understanding of the system, and to 
make real-time decisions based on the context of the fac-
tory (Alexopoulos et al. 2018). In light of this, it is impor-
tant to consider what the literature states as being enablers 
of such processes. Access to information (information and 
knowledge necessary to perform tasks), access to resources 
(assets in terms of money, material, and working time), 
access to support (by receiving guidance and feedback from 
colleagues and supervisors), and opportunities for advance-
ment (learning opportunities to allow for knowledge and 
skills growth) are relevant enablers (Leyer et al. 2019). Other 
enablers are considerable effort and commitment at both the 
corporate and shop-floor levels, a thorough understanding 
of the information and communication technology infra-
structure and corporate policy restrictions, and acceptance 
of solutions from team leaders and operators (Alexopoulos 
et al. 2018). It seems crucial that the aim of a digital inter-
vention is well communicated with correct information and 
that there is a focus on continuous evaluation during the 
process (Lacueva-Pérez et al. 2018).

Four process-related factors enabling digitalization have 
also been identified: (1) process context; (2) process perfor-
mance; (3) process knowledge; and (4) process communica-
tion (Gröger et al. 2013). Process context gives the worker 
information about the overall process, enabling the worker to 
understand the goal and its importance both for the company 
and for the individual’s own role and tasks. Process perfor-
mance provides workers with information that they can use 
to enhance self-optimization and decision-making by defin-
ing and measuring quantitative goals. Process knowledge 
includes execution of the process steps as well as continuous 
process improvement. Process information enables interac-
tion among employees, both horizontally and vertically 
(Gröger et al. 2013).

However, realization of the potential of digitalization and 
Industry 4.0 to have positive effects on productivity, eco-
nomic opportunities, and the future of work (Caruso 2018) 
is less straightforward than its vision. The link between 
technological innovation and increased productivity cannot 
be taken for granted. Improvements in workplaces are not 
determined by any technical innovation in itself, as tech-
nical innovation is always socially shaped (Caruso 2018). 
Digitalization is a social construct that is always partial and 
temporary, results from specific decisions, takes on differ-
ent regulatory levels, and interconnects with contemporary 
economic and social dynamics (Salento 2018). Productivity 
gains will be achieved only by companies that adopt new 
forms of work organization at the same time as the new 
technologies (Valenduc and Vendramin 2016).

Another relevant point is that, when exploring digitaliza-
tion processes, it is important not to ignore the relationship 
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between those who have the power to design the processes 
(the designer/developers) and those who usually do not (the 
users) (Salento 2018). User involvement is essential for 
achieving well-designed technical innovations that meet 
users’ needs and expectations. User involvement enhances 
user acceptance and eases system adoption by generating 
more usable solutions (Mumford 2006; Ritter et al. 2014). 
Development approaches that enable continuous delivery of 
software, such as agile approaches, provide new opportuni-
ties for users to be involved in the design process. There 
is also a growing interest in combining agile development 
with user-centred approaches to improve the collaboration 
between designer/developers and users (Abelein and Paech 
2015).

2.2  Theoretical perspective of the interaction 
between technology, work, and people

Historically, STSD theory emerged as an alternative to the 
bureaucratic and Taylorist approaches whose universal prin-
ciples regarded organizations as machines and workers as 
machine parts. The development of the STSD framework 
has had three distinct periods (van Eijnatten 1998). The rise 
of STSD has been defined as the socio-technical pioneer-
ing work period (1949–c.1959) and refers to findings from 
several studies, but mainly the well-known study of Trist 
and Bamforth conducted at the Tavistock Institute in 1951. 
Trist and Bamforth revealed that new technological equip-
ment alone was not enough to create an efficient production 
system; rather, the key to an efficient production system is 
the creation of a good interaction between the technology 
and the organization. The second period (1959–c.1971) can 
be defined as the classical STSD, and the third period as 
modern STSD (1971–). However, there are three areas of 
common ground across these periods: (1) all have a multi-
ple-stakeholders approach; (2) STSD is always associated 
with organizational purpose and strategy; and (3) in STSD, 
the work, the enablers of the work, the organization of the 
work, and the people are not separate domains (Mohr and 
Amelsvoort 2018).

The third period, modern STSD, can be divided into four 
traditions: (1) participative design (1971–); (2) integral 
organizational renewal (IOR; 1973–); (3) democratic dia-
logue (DD; 1979–); and (4) North American consultancy 
(1971–) (van Eijnatten 1998). During modern STSD, mod-
els and methods have been adapted to advances in systems 
theory and a necessary “do-it-yourself” method (van Eijn-
atten 1998). One of the traditions, DD has its geographi-
cal origins in Scandinavia, and especially in Norway. To 
a greater extent than process-oriented implementation, this 
tradition embraces processes characterized by DDs and local 
theory (Elden 1983; Raelin 2012). The foundation of DDs is 
the notion that to create good participative work roles, it is 

important that unions and other stakeholders participate in 
the learning process (Gustavsen 2018). What began as col-
laborative communication with unions has become collabo-
ration with a wide circle of actors involved in DD. Gustavsen 
(2018, p. 196) stated: “If people can relate democratically 
to each other, they are expected to shape their material and 
organizational structures in a way that reflects democratic 
values.” Important strengths of DD are the closeness to the 
field and the idea that collaboration and solutions should be 
created locally. Participative design and user-driven change 
are crucial in DD, and, in the last two decades, many actors 
have shifted from one-directional communication (“tell” and 
“inform”) to proper two-way dialogue. This has been rel-
evant for the development of modern DD (Gustavsen 2018).

In research, traditional STSD is still relevant, but it is 
important to remember that traditional STSD was developed 
in another industrial era and that both technology and social 
systems/organizations are in transformation (Claussen et al. 
2019). Hierarchical structures and linear fixed processes for 
a linear production line, mining, and factory work, which 
involve routine and manual tasks, were highly relevant for 
the traditional concept of STSD and important for the devel-
opment of the theory (Claussen et al. 2019). In 1983, Pava 
shared a (future-oriented) idea (Pava 1983, cited in Claus-
sen et al. 2019) that highlighted more prominent use of an 
approach that emphasized reciprocal understandings and 
coalition formation. With the mix of work carried out in an 
organization, it is important to keep in mind that contem-
porary technical and social subsystems are directly related 
to and interwoven with humans, that several work tasks are 
technology-enhanced, and that we need to find functional 
practices (Claussen et al. 2019; De Sitter et al. 1997). Delib-
erations and discretionary coalitions have been suggested 
as ways to act (Pava 1983, cited in Claussen et al. 2019). 
Deliberations are discussions that come in more shapes than 
just regular meetings, conversations, or decisions; they are 
structures of reflective and communicative acts employed to 
resolve problematic issues. Discretionary coalitions are alli-
ances of interdependent parties formed to make intelligent 
trade-offs that enable attainment of overall objectives. Dif-
ferent coalitions are associated with different deliberations 
(Claussen et al. 2019).

It is also possible that Norway has come so far with dis-
cussions and dialogue because of the country’s long tradi-
tion of working with “indirect participation” at a national 
level. Another important element in practising DD in the 
workplace is autonomy (Gustavsen 2018). Compared to 
other European countries, Norway and the other Scandi-
navian countries have relatively high scores for autonomy 
(Tynes et al. 2018). Autonomy refers to control over aspects 
of task performance (Hackman and Oldham 1980; Karasek 
1998). It is typically considered as positive, as bringing 
health and satisfaction to the employee who disposes of it, 
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and as resulting in efficient work processes, profit, and sat-
isfied clients for the employer who grants it (Mierlo et al. 
2006, p. 282). Autonomy has also been shown to be rel-
evant for industrial workers who need to handle the ongoing 
shift from repetitive, low-skilled, and physical work to more 
complex and cognitively demanding work (Gorecky et al. 
2014; Hecklau et al. 2016; Kagermann et al. 2013; Prinz 
et al. 2016; Tortorella et al. 2018).

3  Research methodology

3.1  Case‑study approach

To study the actual development and implementation process 
of digitalization in a real-life ETO manufacturing context, a 
case-study approach was chosen. Case studies are considered 
suitable when the research is of an exploratory nature and 
the researchers are investigating current and evolving topics. 
As stated by Yin (2009, p. 14), case studies are “an empiri-
cal enquiry that investigates a contemporary phenomenon 
in depth and within its real-life context, especially when 
the boundaries between phenomenon and context are not 
clearly evident”.

A single case study was chosen so that the complex 
nature of digital transformation processes in a large ETO 
manufacturing company could be understood. Field-based 
studies can extract rich data and deeper insights from actual 
practices. Case studies enable researchers to generate deeper 
understanding of the phenomenon within its real-world 
context as well as new knowledge and theory (Eisenhardt 
and Graebner 2007). The aim of this case study is to better 
understand the enablers of and barriers to the digital trans-
formation that the organization is currently undergoing.

Three criteria were identified to guide the selection of 
the case company: size and complexity, experience level, 
and access. We wanted to find a case company with suffi-
cient size and complexity to provide a rich understanding of 
opportunities and challenges when implementing digitally 
enhanced tools. Second, we wanted a company that has had 
sufficient experience with digital transformation projects. 
Third, we wanted to work with a company where we could 
access a broad range of informants who represented multiple 
roles in a digitalization project, including top-level manage-
ment, different technical development roles, union repre-
sentatives, and end users.

The case company was selected from an ongoing indus-
trial research project. This was a four-year research project 
that started in 2016 with the aim of better understanding how 
to improve productivity and efficiency within ETO supply 
chains. The core of the project involved developing a com-
pany-specific production and improvement programme for 
the company. By designing mechanisms for operations and 

improvement based on simplicity and agility, the goal was 
to enable improved collaboration between different profes-
sions, project stages, and actors. The use of increased digital 
support for operations and continuous improvement has been 
central for the case company throughout the project.

3.2  Case company

The case company is a large supplier within the oil and gas 
industry in Norway. The company has about 2,800 employ-
ees and its turnover in 2018 was about 600 million euros. 
The company plans and executes demanding engineering, 
procurement, construction, and installation projects, which 
are a common form of contracting agreement within off-
shore construction. The company supplies a wide range of 
personnel for the construction of offshore oil platforms and 
land-based process facilities.

The case company is a contractor of such projects, which 
means that it does the work partly using its own labour and 
partly by subcontracting. When it comes to design, engi-
neering, and procurement, the company depends on an engi-
neering partner to do most of the work, while construction 
involves a large number of subcontractors, suppliers, and 
staffing companies, as well as its own facilities, leaders, and 
operators. Installation could be part of project agreements or 
as options contracts. Hence, it is not only the product itself 
that is highly complex, but also the project organization and 
its value chain are also highly complex.

The company has long history of developing and exploit-
ing digital tools to manage their projects. However, in the 
last three years, exploiting new technologies has received 
increased attention. The company has developed a broad 
digitalization programme that encompasses different Indus-
try 4.0 technologies, with a roadmap comprising more than 
25 planned and ongoing projects for enhanced technological 
support of operations and improvement activities. The road-
map is structured according to seven categories that cover 
different phases of an offshore project: automated project 
setup, automated engineering, digital lifecycle information, 
digital procurement, digital yard, robotics, and digital pro-
ject management.

For this research, we studied two of the company’s digi-
talization projects in detail. These projects are a “Digital 
Improvement System” and “Mobile Work Packages” (our 
translations). Both projects adopt an agile development 
approach and utilize user-centred principles to facilitate user 
involvement in the development and implementation process 
(Fig. 1). The Digital Improvement System encompasses a 
mobile application for improvement suggestions, as well as 
a back-office system to manage improvement projects (from 
small to large). Mobile Work Packages is a mobile applica-
tion for managing job orders, work allocation, and teams 
in manufacturing, and it collects all information relating to 
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a job to be done, including drawings, instructions, mate-
rial lists, and time estimates. These have traditionally been 
distributed through foremen (team leaders) and kept in hard 
copy in folders, making it time consuming to update and 
perform revision control. The mobile application allows for 
better information sharing and coordination of work.

3.3  Data collection

The qualitative data were mainly collected through semi-
structured interviews. Fifteen interviews were conducted in 
total. Most of the interviews were performed face to face, 
while video conferences were used for two of the interviews 
for the convenience of interviewees who were travelling. 
Each interview lasted between 45 and 60 min.

The interviews were performed in two phases with differ-
ent interview guides and objectives. The first round of inter-
views (six sessions) covered four main topics: inspiration for 
digitalization, development and implementation processes, 
new opportunities from digitalization, and future opportuni-
ties and barriers. In these interviews, the informants were 
encouraged to use examples from the Digital Improvement 
System and Mobile Work Packages projects, but they were 
also allowed to provide experiences from other initiatives. 
The second round of interview (six sessions) went into more 
detail on the design, development, and implementation pro-
cesses of the Mobile Work Packages. The third round of 
interviews (four sessions) focussed on the experience of the 
project super-users. The super-users were regular employees 
(foremen and operators) with a dedicated role to interact 
with the development team. They were selected to represent 
a variety of the workforce, both in terms of age, profession, 
and technology skill set, and contributed to all development 
stages. Sharing domain expertise and work practices, partici-
pating in workshops, answering questions from the develop-
ment teams, and taking part in application testing were some 
of their expected tasks.

The 15 informants had the following roles in the 
company:

• Yard director
• Manager of the digitalization programme
• Union representative

• Foreman
• Manager of logistics
• User experience designer
• Software developer A and B
• Industrial researcher
• Software test manager
• Project manager
• Super-user A, B, C and D

Each informant was numbered from 1 to 15, in random 
order rather than according to table above, as a measure 
to maintain the anonymity of the informants. The format 
“INF.1”, “INF.2”, and so on, will be used in the results sec-
tion to denote quotes from the different informants. One of 
the informants was interviewed twice in two separate ses-
sions, covering different aspects of the digitalization process.

3.4  Data analysis

Collected data from the interviews were analysed using 
a coding and categorization scheme. The first step was to 
select data from the interview, looking for statements that 
were related to enablers of and barriers to digital transforma-
tion. We selected statements from the material that matched 
one or more of the following criteria:

• Concepts that were used often
• Interesting or unexpected data
• The interviewee stated explicitly that it was important
• The information matched with findings in literature

The categorization of data from interviews followed 
a thematic analysis approach (Braun and Clarke 2006). 
First, the transcribed material was reviewed according to 
the above criteria on enablers and barriers. The quotes 
that were selected then comprised our A-level statements. 
These quotes were then grouped into categories with a 
higher level of abstraction (level B). The findings in the 
B-categories were then reviewed against the theoretical 
foundation. This practice involved collaboration among 
the three authors to ensure a common view of what the 
data material was telling us. Next, we identified 20 C-level 
categories, 10 each for enablers of and barriers to the 

Fig. 1  Overview of the two studied projects and their development and implementation approaches
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digitalization process. These were grouped to describe 
the overarching phenomena that could be identified. In 
the final step, we further synthesized the enablers and bar-
riers down to eight key aspects, four each for enablers 
and barriers. This last step was conducted based on three 
sources of input. The first input source was from other 
scholars throughout the review of this article. We also 
had further discussions among the team of researchers for 
the project. Finally, we compared the C-level categories 
to aspects described in the literature, and to the relation 
between potential enablers and the barriers. The results 
of the data analysis in the case study are summarized in 
Sect. Results" below.

This form of thematic analysis is a common research 
method within social sciences but does not come with-
out limitations. There are risks of biases, in the sense of 
misinterpretation of statements or seeking connections 
between topics that are unrelated. The measures taken to 
overcome the risk of bias involved sending the summary 
of interviews to representatives in the company, as well 
as allowing the research team enough time to discuss the 
different constructs.

3.5  Ethical considerations

All participants received a written information letter about 
the study, its purpose, and how data would be used and 
stored. Furthermore, it was highlighted that participation 
in the study was voluntary, and that participants would be 
anonymous. The use of random numbering to disconnect 
the roles of the informants was a further step to ensure 
anonymity. A signed informed consent form was required 
before participation. In addition, the Norwegian Social 
Science Data Service approved the study.

4  Results

The conducted analysis resulted in four enablers and four 
barriers. The enablers relevant to the development and 
implementation processes in a manufacturing company, 
and which were derived from the data, are shared trust, 
shared visual understanding, shared user perspectives, and 
shared learning. The relevant barriers are trusting the sys-
tem, understanding the benefits, perspectives of econom-
ics, and learning to manage scope. The theoretical lens in 
the conducted analysis are modern STSD and in particular 
DD. Therefore, findings of enablers and barriers also show 
how different ways of DD can play out in digitalization 
projects. The findings are presented in Fig. 2 and further 
elaborated in the following subsections.

4.1  Shared trust

The first enabler presented is shared trust and consists of 
themes addressing the building of trust, extended collabora-
tion with unions, and transparency of purpose.

A good feedback loop together with a widespread 
involvement and inclusion are central to building trust in 
a development and implementation process. In the studied 
case, the structures for input, information, dialogue, and 
feedback were important, and especially the confidence that 
inputs would be considered and receive feedback (which, all 
together, is called a good feedback loop). One participant 
stated: “To have structure on where input is to be given and 
feel that input is included” (INF.7).

Another aspect of “building trust” in a development and 
implementation stage is honesty and transparency about the 
project aims and the awareness of misinterpretations. In 
the case company, we observed different reflections about 
project aims depending on a respondent’s position. Those 
higher up in the company were confident that the digitaliza-
tion projects were crucial and positive, while those on the 
shop-floor level experienced more insecurity. Some indi-
viduals might fear losing their jobs or might be concerned 
about new and more challenging (extra) tasks in an already 
demanding work setting: “We need to reduce fear of job loss, 
increase focus that there will be changes in roles, but not job 
loss” (INF.9). Several informants addressed the potentially 
dramatic consequences of how digitalization processes can 
change the content of their work: “The strategy is that I 
become unemployed” (INF.6). Further, digitalization pro-
cesses not only could alter work content, but could also 
affect workload: “It is a digital solution that is suddenly 
making changes so that those who work with planning now 
need to enter a new discipline, and then get an extra work-
load” (INF.8). The ability of a company to build trust about 
the process by creating good structures for information and 
feedback, together with openness about aims and awareness 
of different interpretations, becomes a criterion for success-
ful development practices.

In the case company, there is a long tradition of profes-
sional collaboration with unions. We observed that this 
tradition amounted to more than just a basic minimum of 
collaboration, but was rather something embedded “in the 
walls” of the company: “We have unions doing their job, 
and I think that it is more important than all digitalization! 
That the company has a good cooperation with the unions. 
That cooperation is more important than any digitalization. 
We relate to the book [work regulations]” (INF.6). This 
longstanding and appreciated collaboration ensured that the 
company was able to handle different kinds of challenges 
and modes of collaboration robustly. The company had the 
capacity to adopt a different mindset in its industrial rela-
tions. The management and unions can shift from “heated” 
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dialogue in one case to collaborative dialogue in another. 
There is room for heated discussions and disagreement. 
One of the participants highlighted the “high level of toler-
ance to provide input and discussion. The input may not 
be the conclusion, but they [the input] will be heard and 
evaluated” (INF.10). This collaboration is one strategy the 
company uses to gain an understanding of the needs at the 
various organizational levels, from the floor level to the top 
management. An extended collaboration with the unions is 
an indispensable structure:

When things are going well, you may not need it 
[industrial relations] as much, but when things are 
going badly, it is important that these structures are 
in place – they are really important structures for most 
things. (INF.10)
A voluntary contract initiated by the company was cre-
ated to ensure the workforce knew what was going to 
happen during the mapping. This was done in collabo-
ration with the union representatives. By doing this the 
company informed the workers that all participation 

was voluntary and that this was not an evaluation of 
them, but a project for greater good. (INF.4)

An extended collaboration with unions allows a broad 
agenda of discussions and learning points and acts as an 
enabler in the development and implementation process. We 
observed that all informants, regardless of position, appre-
ciated this extended collaboration that was rooted in their 
company’s practices.

The basis for succeeding with the development of digi-
talization projects is to get a collective understanding of 
why the initiative is undertaken. In the case company, it 
was found that the purpose of a digitalization project had to 
be communicated clearly. One of the informants stated: “In 
the development phase it has been important to be clear and 
honest about the purpose of the project. This way, having 
open communication early on is important” (INF.9). This 
was supported by another informant who emphasized that 
the underlying strategy must be communicated: “Openness 
about what the strategy is has been vital” (INF.6). The start-
up phase of digitalization projects often requires important 

Fig. 2  Enablers of and barriers 
to the development and imple-
mentation process
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clarifications about factors such as the goal, objectives, 
methodology, team, form of collaboration, and technology 
partners. This topic was further underlined by the inform-
ants: “Critical clarifications in the initial phase have been 
crucial in order to create a good process” (INF.9).

4.2  Shared visual understanding

The second enabler presented by our analysis concerns vis-
ual mapping and structuring, and how visualization facili-
tates participation.

Visualization was found to be key to achieving good 
results in the two digitalization projects. As part of the initial 
mapping processes, the project team used observations and 
shadowing, photo and video recording, and interviews with 
users to gather data. A broad set of tools for documenting 
work practices was used: “Disposable cameras were handed 
out to the workers to document their working day. Further, 
a WhatsApp group was used to gather live data and images 
from multiple users. We also held co-creation workshops to 
discuss the findings” (INF.5).

The project development teams later used visualization 
for mapping out and structuring the potential use cases of the 
applications. Visual user journeys were prepared to structure 
a typical day for an operator and a foreman, presenting and 
highlighting issues or areas for improvement. This made 
it easier for foremen and operators to comment if crucial 
elements were missing or if the suggested user journeys 
did not reflect the reality. The user experience (UX) team 
used the same visualization approach when prototyping the 
application interfaces. These prototypes presented different 
screens of the application, visualizing what the application 
would look like and how to interact with it. Prototypes were 

presented both to users (for testing and feedback) and to 
developers prior to the programming. The visualization pre-
pared by the UX team was especially of value for the pro-
grammers, as the latter could focus on programming rather 
than on suggesting designs and interaction principles. “It is 
easier to do the programming and find the solutions when 
you see the UX design. It enhanced the understanding of the 
task that the development team were trying to solve and why 
this had to be done” (INF.5). During testing and feedback 
sessions, the illustrations made it easier for users not only 
to comment on the interface, but also to bring new sugges-
tions to the table. We observed that visualization made the 
participants more confident to share and discuss important 
details and artefacts of their workday that had an impact 
on the applications content and layout: “Having something 
visual is critical for providing feedback. To see something 
practical is important; it is hard to imagine functionality 
without seeing it” (INF.1)  (Fig. 3).

A key finding was that almost all the informants empha-
sized the importance of using visualization in the devel-
opment stage of the digitalization projects. For example: 
“using visualization has most definitely been one of the key 
success factors in the project” (INF.1). Applying visualiza-
tion early on made it easier for users and programmers to 
proceed towards a common goal.

An important topic raised by most informants was that 
using visual communication enabled better participation in 
the development phase of the project. In many development 
projects, consideration of the look and feel of a system is 
introduced in later stages. In the case company, it was stra-
tegically decided to involve UX experts from the outset to 
improve communication: “We wanted to involve UX (user 
experience team) from the first day to ensure knowledge 

Fig. 3  User journey visualizing the research analysis
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transfer. UX would typically start later in many projects” 
(INF.4). By being involved from the beginning, the UX team 
could utilize visualization in the mapping, structuring, and 
prototyping stages, thereby enabling operators and non-spe-
cialists to contribute with their opinions. Involving the UX 
team in the initial mapping also ensured knowledge transfer 
in the project. In many development projects, the UX team 
is introduced after the mapping has been completed, which 
makes it more challenging for the team to gain the necessary 
insight into user needs and context of use.

4.3  Shared user perspectives

The third enabler, shared user perspectives, addresses topics 
such as the flexible and versatile involvement of stakeholders 
in particular end users, rapid release of functionality, and 
communicating user needs.

In the case company, crucial enablers in a development 
stage are the mapping of user needs on the floor level, 
obtaining first-hand suggestions, and, above all, receiving 
information from the end users. Participants addressed these 
enablers in the following ways: “The company has been 
good at involving end users, and we have had relevant user 
representatives in each case” (INF.10). One informant high-
lighted the need for extended involvement by “more than the 
law ‘requires’. Involvement is a prerequisite for success” 
(INF.9). This article highlights the importance of a flexible 
and versatile involvement practice, both during development 
and implementation of digital solutions. However, in some 
cases, there are stakeholders other than end users who need 
to or should be involved. The practice of flexible involve-
ment was observed as there were many ongoing digitaliza-
tion projects in the case company running in parallel: “We 
have different [project] sizes, some with a handful of users 
and up to 1,000, then there will be a subset of those involved. 
Focus on involvement as much as possible. We have a high 
degree of user involvement” (INF.8). User involvement or 
a user-centred approach seems to lead to better solutions.

All participants mentioned that versatile user involvement 
was an enabler of the success of the development process 
they had been involved in or had heard about in their com-
pany. This was also reported by an external development 
partner:

Having presentations with the users every other week 
was time consuming. … These visits affected the shap-
ing of functions and the design of the app. Its time 
consuming for sure, and you get less time to develop. 
From a designer point of view, you need to be a bit 
humble; the workers know best. The know what they 
need. … Overall, the benefits of working like this have 
been way better than the challenges (INF.4)

Also, relevant to embracing a shared user perspective is 
the focus on internal resources and the importance of an 
internal project leader: “Internal project manager who 
knows our processes and the network internally, which 
pushes us to respond and participate” (INF.1). It is impor-
tant that an internal project leader has the resources (work 
time) to take responsibility and facilitate feedback and com-
municate with all participants, both internal end users and 
the external project team. Having an internal leader with 
knowledge of the local context is crucial and makes it easier 
to achieve good communication during development and 
implementation stages. The case company has had long 
experience with digitalization projects, and we observed that 
the informants reflected on previous practices by giving us 
examples of previous projects and how they had learned that 
involvement in the process is crucial.

Both cases studied in this article followed an agile devel-
opment approach that consisted of extensive user involve-
ment throughout the processes. This included mapping of 
user needs, co-creation workshops, and sessions for testing 
and feedback. Both projects focussed on iterative develop-
ment with rapid release of functionality:

Unlike traditional development, you don’t have to have 
all solutions ready when presenting functionality to 
the end users. If you wait several years to present the 
final solution, you run the risk of not meeting the users’ 
needs and expectations. (INF.5)

We observed that this development approach led to a 
mutual understanding between developers and users, which 
eventually led to better solutions. Using iterative develop-
ment and allowing users to continuously give feedback, it 
was possible to detect challenges and make corrections at 
an early stage. One informant’s response exemplified this:

We’ve all provided input all along the way, and when 
it gets rolled out to the rest, it’s going to get even more 
input. With an increased number of users, there will 
be more people seeing ways to improve and streamline 
the app. We’ve managed to change several things, e.g., 
how to report progress. We are getting a new overlay 
now, because the old one was too cluttered. (INF.14)

The project development teams took several measures to 
ensure continuity and mutual understanding, and to ensure 
that handovers between the different project stages and pro-
ject teams were of good quality. One of the development 
teams arranged a common kick-off between the INF.3 team, 
researchers, and developers, which contributed to a mutual 
understanding. Both development teams ensured that sev-
eral professions were involved from the start of the project, 
such as by ensuring the early involvement of the UX team, 
as mentioned in the previous section. As one UX designer 
stated: “This was a big investment for me. I got a lot of 
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knowledge of the domain and learned a lot from the shad-
owing” (INF.3).

Furthermore, it was found that the understanding of the 
needs of the end users is important. As one of our informants 
stated: “The business tells you what is needed, and any-
thing you do has to come from business. This means that the 
direct requirements come from the business, the foreman or 
the operator” (INF.4). The use of visualizations in meet-
ings was found to support better communication between 
the participants to identify the actual needs of different user 
groups. Having arenas for communication about needs was 
also deemed as critical in the further roll-out processes: “For 
the implementation and roll-out phase in multiple projects 
with contract workers, it will be important to have meet-
ing arenas to discuss and understand more about the tools” 
(INF.7). The need for such arenas was also emphasized by 
another informant from a development team:

The more users you get, the more feedback you get. 
... Huge amounts of feedback ... and it’s only positive 
that you get lots of feedback, but how do you screen it? 
How to make sure that what ends up on the backlog is 
what the company needs, and not just what they want. 
We need to look at this. (INF.12)

Communicating why an initiative is taken, and then how 
it fulfils the user needs across organizational levels, is a vital 
enabler for developing systems and tools that do what they 
are intended to do.

4.4  Shared learning

The fourth enabler, shared learning, addresses themes like 
training the trainers, and the focus of digitalization as part 
of continuous improvement work.

By analysing the interview data, we saw that “train the 
trainer” was regarded as a vital strategy for the success of 
the implementation phase in both studied projects. The term 
“train the trainer” refers to super-users training regular users 
in the use of the applications during the implementation 
stage of the project. The implementation stage had just been 
initiated when the interviews in this study were conducted, 
but the approach was an essential part of the implementa-
tion strategy:

We asked the super-users to train other users. This 
creates more empowerment. A key part was making 
sure they feel that they own the product. Therefore, it 
was really important to identify the right guys early in 
the process. We started out with a good mix of eager 
and positive people. People we thought were going to 
enable us; it’s about the guys that are a bit curious. 
(INF.4)

We observed that this strategy led to good ambassadors 
at the floor level. After being involved in the project for 
a long period, the super-users became system experts and 
used their adopted skills to teach their colleagues. It was 
not expected that super-users should teach colleagues, but a 
lot of them took the initiative to do so. Some of them even 
arranged one-on-one training sessions for those struggling 
with the technology. This was a positive spill-over effect 
from the “train the trainer” approach, demonstrating that the 
super-user is an important role with implications for both the 
development and implementation at the floor level.

An example of super-users becoming good ambassadors 
and mentors for colleagues is the following quotation that 
describes situations where people were finding it hard to 
adapt to and learn the new technology:

There has been resistance among some individuals 
who do not want to use digital tools, who find it dif-
ficult. We have taken them aside and gone through dif-
ficulties and followed them up one and one. Walking 
through and repeating the tasks that the person should 
carry out. And at the end, things have gone fine… A 
one-on-one walkthrough is the best way to achieve 
this… they become a bit more comfortable with the 
situation, and you can explain it to them slowly, and 
then they understand it better. A lot of it is about lack 
of knowledge and insecurity. If you do this one-on-one, 
much of the insecurity disappears. (INF.15)

One of the project groups commented that this strategy 
alone would not be sufficient in a large-scale implementation:

Going into implementation, “train the trainer” is vital 
for us, but we also need some kind of muscles to do the 
training for larger groups. The philosophy is super-
users out there who own the process, but at the same 
time they need help when we are going to train more 
and more users. We need to strengthen the ecosystem, 
all parts of the service. (INF.4)

This approach was supported by one of our informants 
who also indicated the need for good training practices: 
“Enough time should be allocated for training” (INF.7); 
“It is important to arrange meetings where people get to 
understand more – meeting arenas to discuss challenges with 
a roll-out across the entire company” (INF.7).

The understanding of digitalization as part of regular and 
continuous improvement of work is useful for the develop-
ment and implementation phase, because a joint understand-
ing would make a better baseline when commencing new 
practices: “A driver for a good process is to know the need 
to use digitalization as part of the improvement work you 
do to be competitive and survive as an industrial company” 
(INF.9); “Digitalization is being worked on systematically as 
an improvement proposal” (INF.10). One illustrative quote 
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presents the basic idea that companies need to be alert and 
ahead of trends to survive: “Do it when we can, not when 
we have to” (INF.9).

The continuous nature of digitalization as a process of 
constant change therefore comes with a set of challenges. 
In the following sections, we consider the four barriers that 
we identified in the process of developing and implementing 
digital applications in the case company.

4.5  Trusting the system

The first barrier is trusting the system. It addresses issues 
such as compatibility with existing systems, trouble with 
the speed and stability of networks, system access, and data 
security.

In some software development projects, it is necessary 
to adapt or make the new technology work with existing 
software or infrastructure in the company. This was the case 
for one of the development projects in the case company:

There is a big and complex software system in the 
organization already. It’s the background with all its 
advantages as well as drawbacks. There are just a few 
recourses (people) in the company that knows the sys-
tem fully, how it works and how it is built. Without 
these recourses on the development team, we would 
be groping blindly. (INF.5)

At the beginning of every sprint, both teams are sup-
posed to start working with tasks. The tasks might be 
defined, and you know how to solve it, but quite often 
the backend team needed a few days to figure out the 
existing software system before the rest could start 
their tasks. (INF.5)

Another finding related to infrastructure and the goal of 
becoming more efficient and competitive is the need for bet-
ter collaboration across systems and increased sharing of 
information: “It’s becoming more and more important to 
collaborate across systems in a simple way and to share 
information easily” (INF.8).

Infrastructure challenges, such as speed and stability, 
are negative for an implementation process. This has also 
been indicated in previous research. Technical problems, 
particularly software problems (crashes, software errors, 
delayed system reactions to user input, and software freezes) 
have been described as frequently occurring stressors when 
implementing ICT:

Apps and various apps, password issue, must log out 
and sign in. Goes up to several weeks without access 
due to login problem. Every single app requires a 
password. Up until now it has been a barrier when 
people go for one week waiting for passwords. Differ-
ent intervals on passwords, etc. (INF.6)

Practical challenges are coverage, network, access, 
password trouble, etc. Server access – servers can 
withstand the pressure? (INF.7)

Other barriers that were emphasized by the informants 
were data security and trust. Having mobile applications for 
all operations in the manufacturing process raises the ques-
tion of how data will be further used, stored, and analysed. 
The implementation process depends on the users trusting 
that their data will not be abused by any party for monitor-
ing, surveillance or other unethical practices: “We have to 
make sure the users trust that the data will not be used for 
monitoring” (INF.9).

Furthermore, the access to the system by third-party 
developers was found to be a barrier. The case company is 
a large corporation with strict routines for supplier qualifi-
cation, which includes those supplying IT services. In one 
of the applications, the case company collaborated with a 
small start-up company that was technically outstanding and 
suitable for the development job. However, when the project 
was about to move from a research and development phase 
of pilot implementation to a full-scale operational contract, 
it was challenging to get around the bureaucratic routines for 
purchasing agreements with a start-up with a limited track 
record: “There was a challenge with the company policy on 
the use of subcontractors with this start-up, and this can be 
a barrier to innovation” (INF.9).

4.6  Understanding the benefits

The second barrier identified by the analysis concerned 
understanding the benefits and highlighting barriers, such as 
putting the old tools away, measures of effectiveness, busi-
ness cases, and return of investments.

When new tools are ready to be implemented, it seems 
like the old tools become a hindrance to implementation. 
New tools need to have the entire focus, meaning that if the 
old tools are still available, they will preclude the effective-
ness of the new ones: “As long as one has the tool we are 
used to working with, it is more difficult to use the new” 
(INF.6); “It is easy to fall back to using the safe (old) tool if 
it is still available and possible” (INF.7). Another partici-
pant addressed this issue as follows:

Now [the new app] is used in addition too. The whole 
[project name] uses both. Both digital app and paper. 
One trusts too much what one did before. The truth is 
that this is not working financially right now, because 
now we are doing things twice. But in the long run it 
will be! (INF.1)

It seems as if new digital tools need a “wow” factor 
to kick start the implementation: “The product must be 
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self-selling, if only slightly better – it is more difficult to get 
it implemented” (INF.1).

However, this is only part of the story when the work-
place is still undergoing development and implementation. 
Due to problems with, for example, reliability, response 
time, lack of functionality, usability issues or login chal-
lenges, coexistence between new and old tools can make 
the operation more robust and less vulnerable to glitches in 
the digital technology. If it is decided to shut down all old 
tools during implementation, the company can face massive 
interruptions in production. One respondent described a situ-
ation where a department stopped using the new application 
and returned to working in the old way: “as time went on, 
people stopped using the mobile to report progress. Because 
it took too long compared to just ticking off the job package, 
like you did previously” (INF.13). Moreover, the non-digital 
tools provide properties that the digital applications do not, 
and vice versa. One informant mentioned the benefits of 
using large-sized paper drawings, a property the new digital 
application was unable to replace: “The app doesn’t replace 
an A3 drawing” (INF.14).

Since digitalization projects are expensive, the company 
needs financial proof of the investment beforehand. How-
ever, it is difficult for some digitalization projects to show 
an instant effect because they involve work practices, people, 
and changes that need to be rooted in new work practices 
before it can be shown that there has been increased pro-
ductivity and efficiency. Measures of effectiveness and the 
constant need to deliver business cases are a barrier to both 
the development and the implementation of digital projects. 
The following quotes illustrate this:

It is hard to prove that it will be a financial success. It 
needs a business case, but proving that this is a smart 
investment is difficult and heavy. Not everything can 
be proven economically. (INF.1)

It is challenging to realize the effects of [the digitali-
zation projects]. Sometimes the effect is visible right 
away, while at other times we have to do something 
different to show the effects (for instance, change to 
several operators per team leader). (INF.8)

If you can create a business case that shows direct sav-
ings, it is easier to get permission for a digitalization 
initiative. It is difficult in practice to show short-term 
savings, but they are often a prerequisite for invest-
ments. The effects of digitalization initiatives are often 
composed factors and hard to isolate and quantify. 
(INF.9)

Effect measures and business cases showing short-term 
gains are often a prerequisite for the investment; since many 
digitalization projects can only show long-term benefits, this 
can act as a barrier.

Another finding is that it can be challenging to evaluate 
the success of a software development project, especially if 
there is limited data on key performance indicators available 
prior to the development or if a baseline study is missing. 
It can also be challenging to measure the effects of a new 
development if it also delivers functionality that is hard to 
quantify: “how do you quantify empowerment? We need to 
quantify what we can quantify, but it will also deliver other 
value which people benefit from” (INF.4).

4.7  Perspectives of economics

The third barrier addressed by our analysis is perspectives 
of economics, which relate to budget changes and economic 
conditions.

Big digitalization projects present challenges because 
they cost a lot of money, time, and effort. It is frustrating 
when all that money, time, and effort encounter budget cuts:

We are in for a strange period now, a lot of money was 
put in last year, this year a lot was cut. We are in times 
of economic instability. We cannot proceed with the 
project, without proving that it pays off. It’s a bit of 
a shock to us that it’s suddenly back to the base case, 
that one has to prove that things pay off before one 
gets started … must now prove that it [digitalization 
project] will pay off. (INF.1)

For big and expensive projects, the financing is a real 
challenge. (INF.10)

Another economic condition that challenges the imple-
mentation process is the diversity in the workforce. It is 
almost impossible to show that digitalization project on the 
shop floor will be beneficial without involving contracted 
employees as well.

Separate hiring? The whole business idea is that 
anyone with a phone should have access. The idea is 
that [name of the app] should be for everyone, there 
should be no difference between hired and permanent 
employees. There is an ongoing process of translating 
it into Polish. Hiring is 80%, and own employees only 
20%, so you have to think about the whole organiza-
tion. It should not be differences between contracted 
and employed. This will fall through if it is not imple-
mented to everyone. (INF.1)

Hired staff must enter the same platform. And when we 
see the challenges we have with passwords for our own 
operators, this becomes a big challenge. Must update 
password after 12 weeks. (INF.6)

One of the studied projects prepared an extensive long-
term implementation plan that included several activities 
for dissemination and training, but eventually this did not 
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receive funding for the implementation part. One informant 
summarized it as follows:

We knew we were going to face challenges that we 
haven’t tackled well in the past. However, the plan 
did not receive funding, so instead we adopted more 
familiar “quick-and-dirty” approach where the use of 
“good” super-users has been central. (INF.12)

As a result, they had to improvise and find new and less 
expensive ways of implementing the application.

4.8  Learning to manage scope

Large-scale implementation is difficult. The company had 
experience with projects of different sizes. We observed a 
fear of failing when it came to implementation processes 
affecting many people. The following quotes from different 
participants highlight this challenge of scope:

Implementation has been incredibly difficult. We have 
always said it is difficult, but I just have to emphasize 
that it has been difficult – times 10! It is much more 
difficult than we thought. (INF.1)

Implementing things when many people intend to use 
them is a challenge. (INF.8)

The company relied on new work practices and more 
effective work, and it was dependent on a functional imple-
mentation process, despite such large-scale implementation 
being challenging:

I am afraid that the implementation is not going well, 
we have so many examples that it is not going well - 
that it is all for nothing. We must maintain the pressure 
and be able to follow the implementation all the way; 
to implement and create new work practices. We risk 
that all this money is spent for nothing. Where it is 
most crucial [to implement it] is where it is also most 
difficult to implement. (INF.1)

Participation in large-scale implementation of digital 
applications is often in addition to operational responsibili-
ties. It can be challenging to achieve a good balance between 
a digitalization project and core work tasks: “Enough time 
and resources have to be provided. People have 100% jobs, 
they are also asked to contribute to the improvement initia-
tives, without getting more time or resources” (INF.10).

Another aspect of this barrier is the scope of training. 
The case company has good experience with small-scale 
implementation where all participants have been involved in 
the entire process. When they have had a full participative 
approach, no training has been needed. However, large-scale 
training is much more challenging: “The level of differences 
and difficulties [learning new things] are greater than one 

thought in relation to training. We need training and more 
than we thought. Must spend time on training” (INF.1). It 
seems that the size of projects and the number of people 
involved require different strategies and training practices 
and that there is no “one-size-fits-all” solution. An analysis 
of the data indicates that this could act as a barrier in digi-
talization projects.

In large-scale implementation, managing user feedback 
acts as a barrier. For example, if 1,000 operators send in 
questions about the application and expect feedback, it 
becomes challenging if there is no structure to manage these 
questions. One participant commented on their help desk for 
IT questions:

The help desk is not updated on [name of app]. The 
help desk must know what is happening in the organi-
zation. We have three different levels when I flag a 
case, a software case is to be flagged through the help 
desk, but there they were not informed about it. (INF.6)

Another participant from the shop-floor level commented 
that this was a general challenge in the case company: 
“When there is information overload, we traditionally strug-
gle to get information out to the line [floor level]” (INF.1). 
A third participant stated that there is also a need for feed-
back when the suggestions are not taken into account: “If a 
proposal (digitalization as an improvement proposal) is not 
given priority, then it would have been nice to get feedback, 
as then there may be more suggestions too” (INF.10). Man-
aging user feedback acts as a barrier.

5  Discussion

By conducting a case study, we have gained knowledge 
about enablers of and barriers to the development and 
implementation process in a manufacturing company and 
showed how modern STSD (in particular DD) can play out 
in digitalization projects. By analysing data from different 
stakeholders, we have found that, in a digitalization project, 
a set of factors will enable the process while others act as 
barriers, and that these enablers and barriers coexist in such 
processes and should not be treated as separate constructs. 
This coexistence is a highly relevant finding that show how 
important it is to investigate connections and interactions 
between relevant factors in situations where technology, 
work, and employees are understood as components that 
together constitute the organizational work system (De Sitter 
et al. 1997). In the studied process of digitalization, which 
involved the whole organizational system (the technology, 
work, enablers of the work, the organization of the work, 
and people), it was more about learning how to handle the 
coexistence and to find the right balance between enablers 
and barriers more than about finding ways to increase the 
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enablers and reduce the barriers. Some enablers might also 
act as moderators of barriers. The analysis reveals that the 
enablers relevant to the development and implementation 
processes are shared trust, shared visual understanding, 
shared user perspectives, and shared learning. The relevant 
barriers are trusting the system, understanding the benefits, 
perspectives of economics, and learning to manage scope. 
In this section, we discuss the findings more thoroughly.

The main contribution of the enablers is the focus on 
establishing something shared. In STSD DD, many actors 
have shifted from one-directional communication (“tell” and 
“inform”) to proper two-way dialogue (Gustavsen 2018). 
By having dialogue as a block in the foundation wall of the 
organization, digitalization can fulfil its unrealized poten-
tial. However, this requires understanding that technology, 
work, and employees are components that together constitute 
the organizational work system, and it needs to be studied 
in terms of how these components are connected, interact, 
and produce effects (De Sitter et al. 1997). Furthermore, 
digitalization is a social construct that is always partial and 
temporary, it results from specific decisions taken on differ-
ent regulatory levels, and it interconnects with contemporary 
economic and social dynamics (Salento 2018). By analysing 
the data, we found practices indicating that the case study 
used both deliberations and discretionary coalitions and that 
it functions as different ways of DD. Shared trust, visual 
understanding, user perspectives, and learning are enablers 
relevant to realizing the potential of both deliberations and 
discretionary coalitions. For instance, we found that an 
extended collaboration with unions is an important way to 
elaborate shared trust in the development and implementa-
tion process of digitalization. The industrial relations in the 
case company follows the Norwegian industrial relations 
principles of high trust, low conflict, predictability, and it 
extends dialogue and the strength of the local level within 
both the multi-level collective bargaining system and the 
single-level system of unions representing workers on all 
organizational levels (Ravn and Øyum 2018). More specifi-
cally, the finding of shared trust is also supported by previ-
ous research demonstrating the importance of exchange of 
information between different participants, both horizontally 
(on the shop floor, across the entire process) and vertically 
(between different hierarchy levels) (Gröger et al. 2013), 
of honesty about the aim of a digital intervention, and of 
providing workers with correct information (Lacueva-Pérez 
et al. 2018).

At the same time, trusting the system acts as a barrier. 
Compatibility with existing systems, the speed and sta-
bility of networks, system access, and data security were 
themes challenging the use of digital applications. Our par-
ticipants experienced similar issues to those found in previ-
ous research: technical problems leading to interruptions, 
added time pressure, and the negative effects of multitasking 

(Körner et al. 2019). These barriers can lead to interruption 
of flow and a slowdown of the work process, which, in turn, 
increases the time pressure and perceived work stress. The 
more technical issues addressed here can have widespread 
consequences. It is not straightforward to adapt the new 
technology work to a company’s existing software or infra-
structure. The implementation process depends on the users 
trusting the system and that their data will not be abused by 
another party for monitoring, surveillance, or other unethical 
practices. When there is a lack of awareness about this and 
how to handle or reduce these challenges, they will affect 
the development and, especially, the implementation of digi-
tal applications. Shared trust and shared user perspectives 
are particularly important enablers that help deal with such 
barriers.

Applying a theoretical frame of modern STSD has proved 
useful in understanding the results. Work, organization, and 
people are not separate domains; rather, aspects of work 
should be studied through a multiple stakeholder approach 
(Mohr and Amelsvoort 2018). Our data reveal contrasting 
views relating to the barrier of “understanding the benefits”. 
Even though all the informants agreed on the importance 
of being able to describe in detail the benefits that would 
be obtained by implementing the new system, they did not 
agree on what to do with the old system. Whereas manag-
ers viewed the coexistence of the old system as an obstacle 
to implementation, people in more operational roles high-
lighted the benefits of being able to have the old system as a 
back-up that also contained additional information. Techni-
cal problems when introducing new digital implications have 
previously been found to lead to interruptions, added time 
pressure, and multitasking in a negative way (Körner et al. 
2019). At the same time, showing commitment to a new 
system at both the corporate and the shop-floor levels has 
previously been found to be a key enabler of digitalization 
(Alexopoulos et al. 2018). Therefore, companies will need 
to balance the need for a back-up in the form of the old tools 
with the loyalty to new systems, at least in a period of time.

Previous research has argued that a worker-centred 
approach and user involvement are important principles in 
the processes of developing digital tools (Leyer et al. 2019; 
Signoretti et al. 2019; Vilkki 2010). However, we find that 
the principle of involvement referred to in the previous lit-
erature is often too general. Worker-centred approach and 
user involvement can act as two forms of DD. As part of 
DD we see that it also generates more usable solutions and 
act as practices where the user needs, and expectations are 
elaborated. Our finding on shared user perspectives elabo-
rates the importance of flexible and versatile involvement, 
indicating that organizations need to involve different stake-
holders in digitalization projects depending on the purpose 
of the project and the end users. Good involvement practices 
enhance user acceptance and makes system adoption easier 
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by generating more usable solutions (Mumford 2006; Ritter 
et al. 2014). Moreover, to better understand the underly-
ing problems and what the users really want, agile devel-
opment (Ximenes et al. 2015) combined with flexible and 
versatile involvement impact the success of developing and 
implementing digital applications. There is also a growing 
interest in combining agile development with user-centred 
approaches to improve the collaboration between designer/
developers and users (Abelein and Paech 2015). We found 
that by including designers more locally, structures were 
created that enabled users to communicate their needs. This 
is in line with what modern STSD says about local theory 
(Elden 1983; Raelin 2012). Important strengths of DD are 
the closeness to the field and the idea that collaboration and 
solutions should be created locally. User-driven change are 
crucial in DD together with proper two-way dialogue (Gus-
tavsen 2018). An observed consequence of increased user 
involvement in development and implementation processes 
is that it also led to the challenge of managing extensive user 
feedback. This might act as a barrier to implementation and 
continuous improvement of the application. Finding ways to 
balance user involvement and establishing necessary arenas 
to handle improvement suggestions could be one strategy to 
handle this dilemma.

Digital applications have previously been found to 
strengthen the empowerment of the individual if the individ-
ual receives the proper information, guidance, and feedback 
from colleagues and supervisors (Leyer et al. 2019). We 
contribute to this field by adding findings about the impor-
tance of well-functioning feedback-loops that also include 
the designers/developers. It is important not to ignore the 
relationship between those who have the power to design 
digital applications—that is, the designer/developers—and 
the users (Salento 2018). Visualization facilitates participa-
tion and provides participants with a better understanding of 
both the process and the product. It also gives participants 
more confidence to share and discuss important details and 
artefacts relating to their working day, which has an impact 
on the application’s content and layout. Shared visual under-
standing acts as an enabler that strengthens the power of the 
other enablers. Overall, to develop shared user perspectives 
and a shared visual understanding, we argue that delibera-
tions and discretionary coalitions need to be shown in prac-
tice. Although all participants in this study agreed that new 
digital applications achieve benefits like increased trans-
parency and agility of manufacturing operations, proactive 
optimization by dynamically generating action recommenda-
tion, and knowledge sharing and delivery of (near-)real-time 
information to workers and supervisors (e.g., Gröger et al. 
2016; Leyer et al. 2019), implementing such applications 
is difficult.

One way to handle challenging implementation is to 
adopt the “train the trainer” perspective, as it is not always 

easy or practical to have training sessions with everyone on 
the floor level. We know that training is important. Lack of 
adequate training has been shown to increase the experi-
ence of work stress (Körner et al. 2019). We found that by 
devoting time to training, positive spill-over effects for both 
the development and implementation at the floor level were 
developed as super-users become good ambassadors and 
informal mentors of colleagues. Another relevant finding is 
that, to establish shared learning as an enabler in a digitaliza-
tion process, the organization needs a shared focus so that 
the digitalization becomes part of the organization’s con-
tinuous improvement work and something that will benefit 
stakeholders, the social system, and technology.

5.1  Implications for research

This study contributes to the literature by providing a rich 
empirical description of the contemporary phenomenon of 
digitalization. The paper describes in detail the perceived 
enablers of and barriers to digitalization within a large ETO 
manufacturing company. There is a need for more empiri-
cal research within manufacturing, as some find it to be less 
accessible and visible to scholars (Salento 2018). This paper 
has also taken a holistic view of digitalization by studying 
both the development and the subsequent implementation 
processes. The development and implementation phases 
are often studied separately, but they are highly related, 
and should be examined together. This is in line with Kuu-
sisto (2017), who called for more “big picture” studies 
on the process and effects of digitalization. As an exam-
ple, we found that the work practices in the development 
phase, through active use of visualization, enabled users to 
become more involved and take larger responsibilities than 
originally intended in the implementation phase. A further 
implication of this research is that the use of modern STSD 
as DD can provide a useful frame of reference for under-
standing digitalization. A modern STSD perspective is vital 
for understanding the needs of humans and social systems, 
and for keeping these needs in balance with the advantages 
and challenges of digital technology (Claussen et al. 2019; 
Pasmore et al. 2018). In our study, we found the concept of 
DD, deliberations, and discretionary coalitions to be vital 
components for establishing the necessary shared trust. An 
extended collaboration with unions allowed a broad agenda 
of discussions and learning points throughout the process. 
We observed that all informants, regardless of position, 
appreciated this extended collaboration that was rooted in 
their company’s different DD practices.

5.2  Implications for practice

This research has practical implications as it provides infor-
mation about how one can increase operational transparency 
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with digital applications. There are three key takeaways for 
stakeholders of a digitalization process in manufacturing. 
First, it is vital to understand and strengthen the role of the 
key enablers identified in this paper (trust, visualization, 
user perspective, and learning). Second, managers should 
observe and identify barriers in their own organizations, 
relating to both technical and social aspects (system issues, 
perceived benefits, economic aspects, and managing scope). 
Third, some of the enablers described in this paper can serve 
managers as helpful tools to approach the expected barriers 
to digitalization. These three implications are described in 
further detail here.

When a manufacturing company embarks on a digitali-
zation journey, it is vital to focus on building a shared trust 
across roles and levels of the company. Achieving an early 
common understanding about the purpose and process is 
vital. For instance, open communication and extended col-
laboration with unions are found to be helpful in this regard. 
Visualization can facilitate and enhance such participation. 
Managers should pay special attention to user involvement 
and communicating user needs. Rapid release of function-
ality in line with agile development methods can help to 
ensure that the project stays on the right track. Finally, 
managers should strengthen learning strategies by involv-
ing users as trainers. The involvement of users throughout 
the entire process, from early design to full implementa-
tion, such as with a “train the trainer” strategy, can contrib-
ute to increasing the number of ambassadors for the new 
tools, which in turn increases the chance of success. The 
topics addressed under the enablers shared trust, shared 
visual understanding, shared user perspectives and shared 
learning presented in Fig. 1 are in line with different tradi-
tions in modern STSD and can function as good guidance. 
However, managers need to pay attention to the identified 
barriers to digitalization. They should also pay special atten-
tion to describing the prospective benefits and effects of the 
project. Identifying the right elements of the business case 
and then measuring the effect have proved to be challeng-
ing, and they must be addressed early on. Technical issues, 
such as compatibility with other systems, speed, stability, 
access, and security, are potential obstacles to achieving the 
necessary trust in a new system. Further, managers should 
pay special attention to economic conditions and factors that 
can influence changes in the budget for an ongoing project. 
Finally, a main barrier to the digitalization process is man-
aging large-scale implementation, with immense volume of 
user feedback and a significant need for training throughout 
the organization.

The different aspects of digitalization processes are 
highly related and intertwined. Some of the identified ena-
blers can be used as measures to mitigate and reduce some 
of the potential barriers. Early involvement of users can help 
better understand the potential benefits and business case of 

the project. Establishing an understanding among the top 
management that digitalization requires a long-term and 
continuous focus on improvement can reduce the risks of 
budget cuts and unforeseen events in the project. Working 
with visualization tools and methods can assist in learning 
and training activities during full-scale implementation.

However, we have also identified perceived enablers that 
simultaneously reinforce a barrier. An example of this is 
user involvement. Having extensive user involvement across 
multiple arenas throughout the project can contribute to 
generating a vast amount of user feedback that can prove 
difficult to manage. Therefore, companies need to find a 
balance between establishing sufficient arenas for input and 
participation, and finding the means to handle feedback, sug-
gestions, and requests effectively. A feedback system that 
collapses due to its scale can do more harm than good.

Applying the factors described in this paper can provide 
tangible effects for companies. The preliminary results of the 
digitalization initiatives of the case company show signs of 
increased operator autonomy. More time was freed to work 
on core tasks. The foremen spent less time on administra-
tion, planning, and reporting. As a consequence, there was 
less overtime and time pressure for the foremen. The com-
pany received live updates about progress and became more 
accurate in planning their project team.

6  Concluding remarks

This study is based on a single case company, in which two 
digitalization projects have been examined by thematic analy-
sis. This method involves a risk of undetected biases and mis-
interpretations. Although measures were taken to mitigate 
these risks (interviewee access, multiple review rounds of 
constructs, and outside researcher perspectives), the impor-
tance of certain findings might nevertheless have been over- or 
understated. Therefore, we call for more research that focuses 
on both the development and the implementation stages, espe-
cially from a longitudinal perspective, to gain more knowledge 
about the agile changes from implementation of digital tools to 
their functioning in practice. The continuous nature of improv-
ing and refining core digital applications and systems makes 
the timescale of such studies important. Is it possible to estab-
lish the effects of a system if the system is constantly evolving? 
We therefore encourage future research to study the large-scale 
implementation processes of digitalization in manufacturing. 
Further studies should examine other cases with similar chal-
lenges to gain more knowledge about the development and 
implementation processes of companies in digital transforma-
tion. We encourage the use of a multidisciplinary approach to 
such studies to understand both the social and the technical 
aspects of work systems. Organizational theory can benefit 
from concepts of agile methods and design thinking to expand 
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the understanding of users’ roles. Studies from information 
technology and operations management can contribute to a 
better understanding of the critical aspects required to achieve 
the necessary trust in the use of new tools and applications.

There is no one-size-fits-all solution in digitalization pro-
cesses. In this study, we have found that, when developing 
and implementing digital applications, shared trust, shared 
visual understanding, shared user perspectives, and shared 
learning act as enablers and trusting the system, understand-
ing the benefits, perspectives of economics, and learning to 
manage scope act as barriers. More importantly, we found that 
enablers and barriers coexist and should not be treated as sepa-
rate constructs. Implementation is the most challenging phase 
as there is no easy way to establish new work practices. By 
focussing on the coexistence of enablers and barriers, together 
with concepts and practices elaborated in modern STSD DD, 
organizations can come a step closer to obtaining the competi-
tive effects of digitalization and to being sufficiently robust 
to handle ongoing changes in the modern working life. The 
findings contribute with three key takeaways for stakeholders 
of a digitalization process in manufacturing. First, it is vital to 
understand and strengthen the role of the key enablers identi-
fied in this paper. Second, managers should observe and iden-
tify barriers in their own organizations, relating both to techni-
cal and social aspects. Third, some of the enablers described in 
this paper can serve managers as helpful tools to approach the 
expected barriers to digitalization. This paper also challenges 
the research literature by arguing that research conducted on 
digitalization that sets new standards and premises for the 
work life in industry needs to use up-to-date socio-technical 
design concepts and theories.
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