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Abstract. Digital transformation of production systems is a challenging task that
demands radical responses from existing organizations. During the digital
transformation of productions systems tensions occur that need to be managed and
the purpose of this paper is to identify paradoxes in the digital transformation of
production systems. Paradox theory has been applied as an analytical framework
when identifying digital transformation paradoxes and tensions. A case study has
been conducted and two manufacturing companies’ digitalization projects have been
studied and analyzed in combination with data from workshops around digital
transformation. The results were mapped into four types of paradoxes: organizing,
performing, belonging, and learning. We conclude that the identified tensions are
intertwined, and a major tension is the degree of standardization of technologies
(standardization vs customization) and a more agile way of working (learning by
doing vs learning before) doing is a trend within the digital transformation of
production system. Our findings are relevant to operations managers and others
interested in tensions during the digital transformation of production systems.

Keywords. Smart production, digitalization, case study, manufacturing industry,
Industry 4.0

1. Introduction

Digital transformation of production systems and the creation of a smart production
system is a transformation towards a more competitive and sustainable production. This
ideal future state can be achieved with the integration and usage of digital technologies
that enable the creation of a smart production system [1]. Digital transformation is a
change process and this process has been studied from different perspectives such as
enabling technologies, barriers, and goals [2-4], readiness and maturity [5, 6], strategy
[7, 8], and future research areas [9, 10], etc. Dieste et al. [11] describe that while
implementing Industry 4.0, organizational environments become more global, dynamic,
and competitive thereby intensifying contradictory demands. Also, Sjoédin et al. [1]

! Corresponding Author: Mats Ahlskog, mats.ahlskog@mdu.se.


https://orcid.org/0000-0002-9933-8532
https://orcid.org/0000-0002-6062-2173
https://orcid.org/0000-0001-6323-7695
https://orcid.org/0000-0001-6323-7695

M. Ahlskog et al. / Paradoxes in the Digital Transformation of Production Systems 245

discuss that companies face immense challenges in implementing smart factories, given
the large-scale, systemic transformation the transition requires.

In turbulent contexts, manufacturing companies face contradictory challenges which
give rise to management tensions [12]. Digital transformation is one such context where
the disruptive potential of digital technologies demands radical responses from existing
organizations [12]. Digital transformation cause paradoxes that need to be managed and
the importance of ambidextrous organizations (exploitation vs exploration) is often
discussed in the literature [4, 13, 14].

The paradox lens offers valuable insights into effectively managing contradictions
within organizations and for management science, providing a deeper understandings of
constructs, relationships, and dynamics surrounding organizational tensions [15]. By
adopting the paradox theory as a framework, we seek to enhance our understanding of
the tensions inherent in the digital transformation of production systems. Lewis [16]
defines a “paradox” as a conflict between opposing forces that are interrelated, persist
over time and likely coexist and should thus be managed in conjunction. Further, Schad
[15] defines a “paradox” as the persistent contradiction between interdependent
elements”. We follow the view of Schad and see a paradox as a contradictive force that
needs to be managed and dealt with. Paradoxes and tensions are often discussed in terms
of old vs new, stability vs change, and present vs future [17]. Finding the right level or
balancing these contradictory tensions is essential to optimize performance and vital for
sustainable production system development and in the creation of a smart production
system. Paradoxes are characterized by the coexistence of seemingly logical yet
contradictory elements that appear absurd and irrational when observed together. By
recognizing and comprehending these paradoxes, we can navigate the complexities of
production systems development with a more nuanced perspective.

Therefore, the purpose is to identify paradoxes in the digital transformation of
production systems. As organizations increasingly face contradictory goals, multiple
stakeholder expectations, and pluralistic missions that surface and intensify competing
demands [18], the identified paradoxes need to be managed and manufacturing
companies have the potential to develop possible countermeasures.

The remainder of the paper is outlined as follows. First, the theoretical framework
is outlined, followed by a description of the research methodology. Thereafter, the
empirical findings are presented, starting with describing the identified paradoxes,
followed by a summary of paradoxes and tensions. Finally, the identified paradoxes,
problems, and tensions are discussed as well as the research limitations and future
research directions.

2. Theoretical framework

This section starts by introducing digital transformation and digitalization of production
systems, followed by production system development as a process and way of working.
Finally, an overview of paradox theory as an analytical framework is provided.

2.1. Digital transformation and digitalization of production system

The terms digital transformation and digitalization are often used interchangeably in the

literature and the terms are not well defined [19]. Vial [9] reviewed 282 articles and
found 28 sources that provided 23 unique definitions of digital transformation. The many
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definitions and descriptions of digital transformation show that various aspects are
transformed, such as people, culture, mindset, talent development and leadership,
business models, organizational structure, and so on [9, 20, 21]. Digitalization on the
other hand is often described as the work at operational level [19]. Savastano, et al. [22]
describe digitalization as the use of digital data and technology to automate and optimize
processes. From a theoretical perspective, the main enabler of digital transformation and
digitalization is the use and integration of digital technologies with the end goal of
creating value that creates competitive advantages [21].

2.2. Production system development as a process and way of working

A production system can be described as an interacting combination at any level of
complexity, of people, material, tools, machines, software facilities, and procedures
designed to work together for some common purpose. This description highlights the
entangled elements of a production system, all of which need to adapt and transform
during the digital transformation. Notably, the emphasis is not only on the physical assets
but also on the many interactions and other soft aspects.

Many manufacturing companies use stage-gate based models for following-up
progress of projects [23]. Cocchi, et al. [24] highlight that stage-gate hybridization is
becoming progressively popular among manufacturing organizations that integrate
iterative methodologies such as agile into the linear stage-gate process to create hybrid
development models and face higher uncertainty. Also, Brosseau, et al. [25] discuss that
traditional organizations are built around a static, siloed, structural hierarchy, whereas
agile organizations are characterized as a network of teams operating in rapid learning
and decision-making cycles. Agile or agile scrum development processes have their roots
within software development [26]. According to Peeters, et al. [26], project teams
working in an agile way should be self-managing, self-reflective, have a quick product
turnaround, make efficient use of their resources, work in close collaboration with their
stakeholders and interact primarily through face-to-face communication.

There are many differences between stage-gate and agile scrum models regarding
way of working. Sj6din, et al. [1] found that manufacturing companies face difficulties
in changing traditional routines and work processes to affect the digital transformation.
Factories frequently lack a systematic approach to adopting modern project models that
enable more agile and flexible results and faster time-to-market. This shows the
difficulties of changing from a stage-gate based way of working to an agile model and
way of working. Regardless of development model used all development takes time,
involves people and experiments, and requires learning. In this development process
several learning modes occur that range from learning before doing to learning by doing
[27,28].

2.3. Paradoxes in digital transformation of production system

A paradox can be defined as a contradictory yet interrelated elements that exist
simultaneously and persist over time [17]. Smith and Lewis [17] describe that its core
paradox theory presumes that tensions are integral to complex systems and that
sustainability depends on attending to contradictory yet interwoven demands
simultaneously. Within paradox theory, tensions are seen as the underlying sources of a
paradox and four types of interrelated paradoxes: performing, learning, organizing, and
belonging are frequently used in studies [16, 29].
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Organizing paradoxes refer to tensions that arise through competing designs and
processes, such as rigid alignment vs flexibility or empowering employee’s vs leading
[11]. Performing paradoxes deal with internal and external demands between goals and
performance [15]. For example, development of new capabilities vs performing in
current business is something that causes tensions when it comes to digital
transformation [11]. Learning paradoxes stem from innovation and change processes
[11]. These paradoxes include tensions between internalized knowledge and the
uncertainty of the future, e.g., adaptive culture vs rigid culture [30]. Belonging paradoxes
are generally conflicting demands that arise between the individual and the collective
and between competing values, roles, and memberships [11].

Paradox theory has been applied when studying innovation [13], sustainability [31],
digital transformation [11, 12, 30, 32], circular economy [33], lean implementation [29,
34], change [35], and decision making [36]. Digital transformation of production systems
is a challenging task which raises many paradoxical demands [12]. In Table 1 digital
transformation paradoxes discussed in the literature are summarized.

Table 1 Digital transformation paradoxes discussed in the literature.

Paradox of Paradox

Belonging Department objective vs Business unit objective [11]
Autonomy vs Agreement in decision making, Collaboration vs Risk of security threat,
Centralization vs Decentralization, Common objective vs Individual goals,
Standardization vs Customization [30]
Inner vs Outer renewal contexts [32]

Organizing Facilitate proactive behavior vs Maintaining efficiency, Empowering employee’s vs
Leading [11]
Global strategy vs regional entrepreneurialism [12]
Competition vs Collaboration, Flexibility vs Efficiency, Centralization vs
Decentralization, Adaptability vs Competency, Operations streamlining vs Operations
reconfiguration, Resource conservation vs Abundancy [30]
Deliberate vs emergent renewal practices [32]

Performing Operational performance vs Sustainability objectives [11]
Build new capabilities vs Perform in current business [12]
Short term economic gain vs Long term sustainability, Environmental Risk Reduction
vs Vulnerability Reduction [30]

Learning Adaptive culture vs rigid culture, Radical technological change vs Incremental
technological changes, Flexible organizational mindset vs Routine mindset [11]
Clear communication vs Continuous learning [12]
New digital competencies vs Existing competencies, Adaptive culture vs Rigid culture,
Flexible organizational mindset vs Routine mindset, Perceived future economic gain vs
Short term investment, Radical technological change vs Incremental technological
changes [30]
Established vs Renewed technology usage [32]

3. Research method

This section starts by describing the research design and study context, followed by data
collection and analysis.

3.1. Research design and company selection
As the purpose of the paper is to identify tensions in the digital transformation of

production system, a case study was conducted. This method was chosen because it can
help obtain a detailed understanding of the phenomenon being studied [37, 38].
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Furthermore, it can provide the opportunity to use different techniques for data collection
and sourcing, thus supporting the ability to gather a rich set of data from observation,
interviews, documents, etc. [39]. This study is a part of a larger research project
conducted in collaboration with four manufacturing companies located in Sweden. The
research project focuses on digital transformation, but in this paper two case companies
(labelled company A and B) digitalization projects are analyzed and discussed. Thus, the
data collected covers both digital transformation as a bigger concept and digitalization
as the work at the operational level [21, 22]. Both manufacturing companies are spread
globally through international manufacturing networks. Further, they have both local (at
the production site) and global (centralized and not belonging to production sites) support
functions. Both companies applied the concept of core plants: dedicated production sites
serving as centers of excellence, have a central role in knowledge creation and must
ensure that the latest knowledge is diffused throughout the organization’s production
network [40-42].

Company A is a manufacturing company within the automotive industry and has
30,000 employees located in 33 countries. The participants in this study worked at both
global and local support functions in different areas connected to digital transformation.
Company A has an organizational structure that is linked to global and local initiatives,
and roadmaps for technology development have been created per technology area.
Recent digitalization initiatives in the company involve the introduction of IloT
platforms, Big Data and Edge computing as well as the introduction of co-bots and
autonomous transports.

Company B is a manufacturing company within the manufacturing industry and has
over 43,000 employees located in more than 40 countries. The participants in this study
worked at both global and local support functions, with a focus on digital transformation.
Company B is working towards its vision of a future factory and focuses on the
standardization of technologies in general and information technology (IT) infrastructure
in particular. Recent initiatives include the introduction of shop floor LAN. The
standardization of technologies is performed at the global level.

This study used various data collection techniques described in section 3.3 to
understand how the participating companies approach digital transformation and work
with digitalization of production systems. In Table 2, the job titles of the project
participants are described.

Table 2 Job title of project participants. *Shows interviewed personnel in the two digitalization projects

Company Job title

A Global R&D, manufacturing engineering, program office manager, technology
transformation manager, manager manufacturing engineering development, project
manager*, production engineer x2*, IT & Digitalization*

B Manager reliability and future factory, manager process and manufacturing
development*, technical lead manufacturing it, director regional it and central services*

3.2. Case descriptions

The studied digitalization project at company A was from the beginning not a planned
project. Due to external factors this project was initiated and performed under extreme
time pressure. A new production line had to be invested in and designed, and there was
no clear vision or strategy available for creating a smart production system at the
company. The project team had to define their own digitalization vison and strategy of
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how the production line should operate and be designed. As a starting point the project
team wrote down their vison and defined how the production line would look like and
operate. Some key elements in the vision were highly flexible (product, volume), highly
automated, and connected with the help of digital technologies. The project team applied
an outside of the box thinking when starting the project with an attitude nothing is
impossible. In the project team every thought and idea counted even though no available
technical solutions existed or planned activities for achieving the vision.

The studied digitalization project at company B was a planned project. The company
worked towards a vision of a future factory with a focus on standardization of
technologies. Particularly there was a need for and focus on a standardized information
technology (IT) architecture. The studied digital transformation project included the
introduction of a shop floor local area network (LAN). The standardization of
technologies was performed at the global level and the creation of a shop floor LAN
network was seen as a necessary step towards the vision of a future factory. The main
goal of the shop floor LAN project was to enable a full data value chain, i.e., production
planning and control.

3.3. Data collection and analysis

In this study paradox theory was used as an analytical lens for identifying paradoxes and
tensions when analyzing the data (see Table 1). Data was collected through interviews,
company visits and presentations, and from workshops with the research project
participants (see Table 3). As a starting point, both case companies picked one completed
digitalization project of production system. These projects or use cases were studied
through 1) use cases presented at project meetings by the company, 2) company visit and
demonstration of achievement in the project, 3) interviews focusing on four areas (role
in project, strategy and roadmap, way of working, insights and lessons learned) with
involved personnel in the digitalization project. The collected data was then cross
analyzed through the paradox lens.

Table 3 Summary of data collected.

No. of Topic and length
Workshop focusing 4 1: Company presentation around how they approach digital
on digital transformation and digitalization challenges 180 min
transformation and 2: Discussion around the meaning of digital transformation and
digitalization digitalization as concepts 180 min
3: Digital transformation and digitalization challenges workshop
180 min
4: Difficulties with pilot to scale-up during digitalization 180min
Digitalization project 2 Case A (Company visit and presentation of studied digitalization
project/7hour)
Case B (Company visit and presentation of studied digitalization
project/7hour)
Interview 6 Case A Case B (Insights and lessons learned from digitalization
project/30 to 45min)

4. Paradoxes in the digital transformation of production systems

Based on the empirical findings the following main paradoxes have been identified. The
identified paradoxes are divided into belonging, organizing, performing, and learning.
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4.1. Paradox of belonging

Both case companies had an organizational structure that divided resources into local
(production site) and global level (no belonging to specific production site). At the local
level all hands-on work was performed at the production site when integrating digital
technologies and at global level new technical digital solutions were developed and
standardized for increased transferability between production sites. The main idea with
having resources at a global level was to give support to production sites when needed,
develop standardized solutions (bookshelf solutions), and to have a holistic view of
respectively production sites need. In a way the role of the resources working at global
level was to pre-develop digital technical solutions that were standardized and easy to
implement.

The findings from case A showed that the global digitalization resources were not
involved in the project from the beginning. All technology development was performed
at the production site and the resources involved had limited knowledge when it comes
to designing an IoT architecture, machine connectivity (M2M) and system integration.
System integration knowledge was lacking at the production site while knowledge
around advanced robotics and new manufacturing technologies existed. When global
digitalization resources were involved in the project the digitalization project accelerated
in performance, but there was some amount work that had to be done in order to clean
up some previous work done.

The findings from case B showed that the main tension was how to manage
innovation capability at each production site. At the production sites the resources were
innovative and developed their own technical solutions. Two main reasons for the
productions sites developing their own technical solutions were 1) the legacy system at
the production sites, and 2) development of new technical solutions at global level took
too long time. Innovation capability was considered as something wanted from a
company perspective, but in this context, it had consequences for degree of
standardization and transferability of technical solutions.

This causes the problem: where should technological development be performed?

4.2. Paradox and tension of organizing

The findings from case A showed that a traditional stage-gate process was used in the
project, but the extreme time pressure forced the project team to apply a more agile or
scrum way of working in order to complete the project in time. For example, the project
team bought robots and automated guided vehicles (AGV). A new technical solution was
developed by combining these technologies for increased automation and flexibility, and
this development was performed during the project. In short, the main part of all
technology development and solutions in the project was performed in the project.
Development of new technologies during integration projects break against the idea of
predevelopment of technologies. The main idea with predevelopment is to minimize risk
or uncertainty as well develop a robust solution. However, the global digitalization
resource involved as IT architect and for connectivity described this project as highly
agile and with no available bookshelf solutions for connectivity. The IT architecture had
to be adapted and the best way to do adapt the architecture was in an ongoing project.
The findings from case B showed that the first version of the LAN network was
developed at home by a highly engaged engineer. By applying an explorative approach
with high degree of learning by doing the engineer started to develop an architecture that
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connected devices at home, i.c., creation of a smart home. Based on the learnings from
this approach key elements and learning outcomes were transferred to the creation of an
LAN network at the case company.

This causes the problem: how should digitalization of productions system be
performed?

4.3. Paradox and tension of performing

As described in the paradox of belonging and organizing both case companies wanted to
develop standardized digital solutions that could be transferred and applied at different
production sites in their manufacturing network.

The findings from case A showed that new technical solutions were developed
during the project and connectivity solutions developed in the project could and were
transferred to other production sites at the company. The developed connectivity solution
was simple and cheap and could therefore be transferred to smaller production sites with
less financial resources. The case company saw many benefits with this solution and
specifically in financial terms and as a spin-off from the initial digitalization project.

The findings from case B showed that the first version of the LAN network was
developed at home by a highly engaged engineer and at production sites the resources
were innovative and developed their own technical solutions. The explanation given to
this innovative development at individual level and at production sites was that global
development and degree of standardization took too long time.

This causes the problem: to what degree should digital technologies be standardized
and transferable between production sites?

4.4. Paradox and tension of learning

Learning and knowledge development can take many forms and in the literature
learning before doing and learning by doing is discussed when it comes to technological
innovation. As described in the paradox of belonging, organizing, and performing, the
main paradoxes in the digitalization of production system cover the degree of
standardization and way of working.

The findings from case A showed that many development activities were a
combination of learning before doing and learning by doing. Simulation of production
concepts was used for creating understanding of concepts, but many development
activities were performed by learning by doing. The highly agile way of working forced
many development activities to be hands-on with a high degree of learning by doing.

The findings from case B showed that the first version of a LAN was developed by
an engineer who explored different technologies at home when creating a smart home.
The engaged engineer designed a LAN at home and learned by doing and transferred the
gained knowledge into the digitalization project.

This causes the problem: how should technological knowledge be developed?

4.5. Summary of paradoxes and tensions

In Table 4 a summary of identified problems, tensions, and paradoxes is described.
Paradoxes during digitalization of production systems arise from all four categories.
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Table 4 Summary of identified problems, tensions, and paradoxes. (Table adapted from Lusher and Lewis

(43D

Paradoxes of Problem or dilemma Tension Paradox

Belonging Where should technological Should technology Local vs global
development be performed? development be performed development

locally or globally?

Organizing How should digitalization of ~ Should the development Stage-gate vs agile
productions system be process be controlled or process
performed? flexible?

Performing To what degree should digital ~ Should technologies be Standardization vs
technologies be standardized ~ standardized or customized? customization
and transferable between
production sites?

Learning How should technological Should learning take place Learning before

knowledge be developed?

before implementing or

doing vs learning

learning by implementing? by doing

5. Discussion

The purpose of the paper was to identify paradoxes in the digital transformation of
production systems. The research presented has identified four main paradoxes and these
paradoxes need to be managed during digitalization of production systems (see Table 4).
The identified paradoxes and core problems are intertwined, and it can be discussed if
they are digital transformation or digitalization paradoxes. All paradoxes are related to
way of working and decision making and can be viewed from a digital transformation or
digitalization perspective.

The identified belonging paradox caused the problem with where should
technological development be performed (local vs global development)? This is in line
with Mishra, et al. [30] who discuss in terms of centralization vs decentralization. It
seems that a combination of global and local development is needed to capture the local
innovation capability and to develop a new technical solution that is transferable between
production sites. Danneels and Viaene [12] describe this paradox as global strategy vs
regional entrepreneurialism. The identified organizing paradox caused the problem with
how should digitalization of productions system be performed (stage-gate vs agile
process)? As a consequence, the tension is related to a controlled or flexible development
process that needs to be managed. We see the identified problem and paradox of
organizing as a way of working that needs to be organized affecting the other identified
paradoxes of performing and learning. The identified performing paradox caused the
problem with to what degree should digital technologies be standardized and transferable
between production sites (standardization vs customization)? Mishra, et al. [30]
categorizes standardization vs customization in their study text to the paradox of
belonging while we see this this paradox affecting the development performance. The
findings indicate that some sort of adaptation of digital technologies is needed during
digitalization of production systems and degree of standardization is a major problem in
both cases studied. The identified learning paradox caused the problem with how should
technological knowledge be developed (learning before doing vs learning by doing)?
Identified learning paradoxes in the literature focus more on culture, mindset, and radical
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vs incremental change [11, 30, 32]. The identified learning paradox is intertwined with
the organizing paradox that defines the way of working in the development process.

To summarize, all identified paradoxes have mutual relations and thereby affect each
other. This dilemma causes another problem with where to start when dealing with the
underlaying tensions to the paradoxes. Decisions need to be made when it comes to how
the development process should look like, including where development should take
place and by whom, and in the end manage the degree of standardization of technical
solutions. Viewing the paradoxes from a digital transformation and digitalization
perspective, the following aspects must be considered. From a digital transformation
perspective as a bigger concept manufacturing companies need to set-up a supportive
organizational structure, adapt development processes for digitalization, and appoint
personnel for the actual work to be done, i.e., digitalization. From a digitalization
perspective the identified problems and tensions occurred during digitalization of
production systems and might still exist even though strategies for digitalization are
available. Thus, the identified paradoxes are still a problem that needs to be dealt with at
manufacturing companies.

5.1. Limitations and future research

Some important limitations of this study are worth mentioning. This study was conducted
at two manufacturing companies from different types of industries and customers. There
is a lack of best practice when it comes to digitalization of production systems. Insights
from two digitalization projects of production systems have been studied, it still limits
the possibility to generalize the findings to other contexts.

Accordingly, one suggestion for further research is to analyze paradoxes during
digitalization of production systems in other types of industries and digital technology
development projects. Another suggestion for future research is to validate the identified
paradoxes in this paper as well as problems and tensions.
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