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Abstract
Digitalization is an upcoming trend that divides the manufacturing industry of
today. As an increasing number of companies chose to implement digitalization
as a business strategy, some companies still struggle with implementing
digitalization into their businesses.
Previous research has developed digital transformation models, but has been
admitted as too generic. This thesis used the most comprehensive
transformation model as base and aimed to make it practically implementable
for a manufacturing company with a process layout. To enable this, a case study
was conducted on a steel-processing company with this layout design. This
thesis had an inductive approach, where primary data were collected from one
selected company through a pilot study and semi structured interviews, and
secondary data were collected through a literature review.
During the study, it was discovered that a company can benefit from using a
customized guidance of how to implement digitalization, to optimally use digital
opportunities. This thesis contributed with additional steps and extensions of
the previous transformation model. The contribution consisted of the
involvement of competency, creation of definition, identified digitalization
trends relating to a SWOT analysis, additional phenomenon to take into
consideration when analyzing future scenarios, additional questions to consider
when analyzing impacted areas, creation of a digital business strategy, a
comparison of impacted areas with previous projects, additional identified
actions to fill the gap between current state and goals, and five identified
criteria’s on how to prioritize these actions. This study extends current research
with details and depth regarding a digital transformation model, and hence make
it more practical. For future research, a case study testing the potential of the
transformation model on a similar company should be conducted, and thereby
improve the model further.
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Sammanfattning
Digitalisering är en uppgående trend som delar upp dagens tillverkningsindustri.
Medan ett ökande antal företag väljer att implementera digitalisering som en
affärsstrategi, så kämpar fortfarande andra företag med att implementera
digitalisering i sin verksamhet.
Tidigare forskning har utvecklat digitala transformationsmodeller, men de har
ansetts för allmänna. Denna uppsats använder den mest omfattande digitala
transformationsmodellen som bas med syfte att göra den praktiskt användbar
för ett tillverkande företag med en funktionell verkstadslayout. För att
möjliggöra detta genomfördes en fallstudie på ett stålföretag med denna
fabriksdesign. Uppsatsen genomfördes med ett induktivt tillvägagångssätt där
primärdata samlades in genom en pilotstudie och halvstrukturerade intervjuer,
och sekundärdata samlades in genom en litteraturstudie.
Under studien framkom det att ett företag skulle ha nytta av en anpassad
vägledning för hur digitalisering ska implementeras för att optimalt utnyttja
digitala möjligheter. Denna studie bidrog med ytterligare steg och utökningar av
den tidigare transformationsmodellen. Studiens bidrag involverar
kompetenssäkring, identifierade digitaliseringstrender relaterade till en SWOTanalys, fenomen att ta hänsyn till gällande framtida scenarion, frågor att
överväga vid analys av de påverkade områdena, skapande av en digital
affärsstrategi, en jämförelse av påverkade områden med tidigare genomförda
projekt, åtgärder för att fylla gapet mellan företagets nuvarande tillstånd och mål
och kriterier för hur man prioriterar dessa åtgärder. Denna studie utökar aktuell
forskning med detaljer och djup gällande en digital transformationsmodell, och
gör den därav mer praktisk. I framtida forskning bör en fallstudie som testar
potentialen hos transformationsmodellen på ett liknande företag genomföras,
och därigenom förbättra modellen ytterligare.

Nyckelord
Digitalisering, Implementation, Digital transformation, Digital transformations
modell, Metall industrin, Produktion, Funktionell verkstad.
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1.

Introduction

The competition between manufacturing companies has increased rapidly
during the last decade as the world of today has opened up the market to an
international extent. To stay competitive in the global market, industries need
to seek new ways of improving their offered value through enhanced production
techniques, decreased lead times, innovative business approach, etc. This
contributes to new severe requests on the manufacturing industry.
There have yet been three revolutions in the industry, and a fourth in its
uprising. In the beginning of the 19th century, the steam engine was embedded
and started the first revolution of the manufacturing industry. In the beginning
of the 20th century, electricity and mass production was introduced in the
industry, which will constitute the second revolution. The third revolution
started in the 1970’s when the industry started to establish computation and
automation in the industry (Landes 2003). The computer technology developed
rapidly: starting out with big mainframe computers in the 70’s, to
microprocessor computer at home and in offices in the 80’s, to network
computing in the 90’s, which made connectivity possible through Internet
(McConnell 1996). Recently, the fourth industrial revolution, industry 4.0, was
introduced to the market. This stage of the industrial revolution makes
manufacturing companies develop to smart factories, where smart machines,
storage systems, and manufacturing facilities exchange information. This opens
up the possibility for optimized decision making and new ways of creating value
and business models (Kagermann et al. 2013). However, De Carolis et al. (2017)
state that manufacturing companies should complete the third revolution before
facing the fourth, prioritizing investments in technology that would benefit a
future transformation to industry 4.0; why this study will focus on a guidance of
implementing digitalization.
During the last decade, the development of digitalization has accelerated and
have altered the way consumers behave. Although, despite the drastic changes
internet and smartphone applications had on everything from how we do our
banking, book travel, keep in contact with friends, etc., digitalization has still a
long way to go to completely alter the business to business market (Isaksson et
al. 2017).
The Austrian steel and metal company voestalpine AG believes that
digitalization can contribute to new opportunities in the working world, and is
believed to create pioneering fields of activity. voestalpine AG expect to secure
8

jobs of the future by focusing on training measures for employees, since highly
trained employees are estimated to be the key to success (voestalpine AG 2017b,
0:05). Technology innovation has previously been hard to implement in some
sectors, such as the metal industry, due to high conservatism. However,
digitalization has been accepted within the industry. Many companies plan to
invest in digital tools, where about two-thirds of them aim to reach an advanced
digitalization level within only five years, expecting to lead to increased cost
savings and revenues. Despite large investment costs, a majority of all metal
companies that plans to implement digitalization estimates a return on
investment in less than two years, and only a third estimate it to two to five years
(Merluzzi & Brunetti 2017).
The paradigm of Triple Bottom Line (TBL) states that a corporation’s success
should be measured by treating all three of the following factors equally:
financial performance, environmental performance, and social performance
(Norman & MacDonald 2004). Research and statistics points towards a positive
impact regarding the financial and economic benefits relating to digitalization,
where the following has been concluded. Markovitch and Willmott (2014)
suggest that by implementing digital solutions to processes that are informationintense, turnaround times can be shortened, and costs can be decreased.
Regarding environmental benefits, World Economic Forum (2017) estimated
that digitalization would contribute to a reduction of hundreds of million tons
of CO2 emissions for the metal and mining industry only between the years of
2016-2025. However, what effect digitalization will have on the employment
rate is still lacking proof, and researchers’ opinions are divided. This is
problematic for a company that wishes to implement digitalization and not
possibly disrupt the balance in their TBL (World Economic Forum 2016). Since
digitalization has a more certain positive effect on the financial and
environmental perspectives, this report will focus more on digitalization relating
to the social perspective and neglect the environmental perspective.
1.1.

Research problem

Much research has been done within the area of digitalization. Henriette et al.
(2015) discovered research gaps related to digital transformation in their
literature study, and concluded that further research is required regarding
digitalization tools to help industries to start their digital transformation and
frame their project. Jung et al. (2016) agree, claiming that a concrete
methodology is lacking for manufacturing companies that allows them to define
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their specific transformation model, as well as a guide of how to choose between
technology solutions in their way of becoming a smart factory. Companies that
currently are struggling with understanding the benefits and potentials of
digitalization could benefit from such research (Parviainen et al. 2017).
Henriette et al.’s (2015) study inspired Parviainen et al. (2017) to develop a
model for tackling digital transformation. However, the transformation model
is lacking profoundness and needs to be further investigated to be brought
closer to practice. They conclude their paper with the following statement “This
paper describes the first version of the digital transformation model, derived
from synthesis of diverse industrial cases carried out and existing literature.
However, this model is currently quite generic, and further studies are needed
to add detail and bring it closer to practice.” (Parviainen et al. 2017, p. 74). No
research has yet attempted to do this, and therefore, this study will attempt to
fill this research gap by gathering data from a specific case study.
Depending on production volumes and production variety, a company’s factory
can be designed by four different layouts. These are fixed product layout,
process layout, product layout, and cellular layout, where this study is limited to
investigate the process layout. The process layout has similar functions gathered
in the same location and is the most efficient when the company produces wide
variety of products (Drira et al. 2007). The high variance of products leads to a
high complexity of the production, and it is interesting to investigate how a
company with such production characteristics can implement digitalization in
order to gain the same benefits that large companies with line production (e.g.
trucking companies) have experienced (Barani 2016).
1.2.

Aim

This study will be conducted as a proposition paper. It will attempt to present a
step-by-step digital transformation model that will be applicable on other
manufacturing industries with a process layout. To enable process layout
companies to get the most out of the implementation, and thereby optimize the
outcome, this paper will attempt to create an understanding on what a company
expects from digitalization. The expectations will include their ambitions of the
implementation of digitalization.
1.3.

Research question

The research question is based on the research gap detected in previous
research. This thesis will have its main focus on making an already proposed
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transformation model more practical for companies to apply. Therefore, this
paper will answer a research question regarding how a company can approach a
digital transformation and its contribution.
RQ: How can a digital transformation be practically performed by a company with a
process layout?
1.4.

Thesis structure

This paper is constructed as follows: Firstly, the research question is formed in
regard to the discovered research gap. Secondly, a theoretical framework
supporting the research question is created from a literature review. Thirdly, the
research method is presented. Fourthly, the empirical study is explained. Fifthly,
the result from the empirics is analyzed. Sixthly, a proposal of a transformation
model that answers the research question is presented. Seventhly, the paper is
concluded, and the most important findings are presented. Lastly, managerial
implications and further research are suggested.
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2.

Theoretical framework

This chapter will firstly introduce the reader to the concept of digitalization, its
definitions, and the computer technology’s significance. Secondly, the
transformation of the organization from analog to digital will be introduced, and
challenges and opportunities that comes with it will be address. Thirdly, the
matter of implementation of digitalization is introduced, including integration
and important aspects of digitalization. Fourthly, two current digital
transformation models are presented. Lastly, insights will be given on the
process layout and its characteristics. Figure 1 illustrate how the theoretical
framework is constructed.

Figure 1. Structure of the theoretical framework.

2.1.

Digitalization

There are many different definitions of digitalization. A study by Rotter & Eder
(2017), performed at voestalpine High Metal Division, stated that digitalization
can be applied in different ways for each industry or company since the purpose
of the digitalization may vary greatly between different companies. One
acknowledged definition of digitalization is “Digitalization is the use of digital
technologies to change a business model and provide new revenue and valueproducing opportunities; it is the process of moving to a digital business.”
(Gartner Inc. n.d.). Other definitions that have been included in research articles
are “the adoption or increase in use of digital or computer technology by an
organization, industry, country, etc.” (Brennen & Kreiss 2014), and “The term
‘digitalization’ stands for new possibilities provided by the use of more and new
types of data, communication infrastructure and computing power” (Isaksson
et al. 2017, p. 3). Some research has also chosen to differentiate the term
digitalization from digitization, where digitization means less of a fundamental
change, but to rather just digitally transform analog data (Parviainen et al. 2017).
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The computer technology has affected companies’ methods of production by
increasing the flow of products, enabling companies to reach global markets
through efficient information exchange, and transformed the way they can
respond to demands. The technology has also impacted the relationship
between the organization and labor, giving an alternative to the traditional
pyramid-structure within an organization (McConnell 1996). Computers permit
instantaneous communication throughout the organization, resulting in a flatter
structure when making decisions, altering the traditional way of passing the
decisions from the top management (Howard Isenberg 1995, as cited in
McConnell 1996).
Herzog et al. (2017) state that new technologies favors the steel producers’
requirements to reach quality, flexibility and productivity. Companies will
further benefit from having all production units in the production chain in
harmony, which reflects the need of having a fully digitalized facility.
Automation has been embraced by the steel processing industry, but the systems
are often isolated from each other (Herzog et al. 2017). Hence, a wellfunctioning production process can be achieved by integrating all individual
systems and production units using digitalization.
2.2.

Digital transformation

It is important for a company to keep developing in order to stay competitive
on the market. Within competition intense markets, companies constantly try
to outcompete their competitors, and the growth and profit opportunities
reduce if more actors enter the market. A company could benefit from moving
away from competition intense markets, capturing new profit and growth
opportunities in an untapped market. This has been referred to as blue ocean
strategy, i.e. moving away from competition intense markets, red oceans, to yet
undiscovered markets (Kim & Mauborgne 2005). Digitalization is a
phenomenon that can transform business models (Gartner Inc. n.d.) and the
majority of all manufacturing companies agrees that ignoring digitalization will
lead to weakened position on the market, and consider it a necessity for midand long-term growth (Bechtold & Lauenstein 2014). As an increasing number
of companies chose to implement digitalization as a business strategy, Neus et
al. (2017, p.32) expressed “If new players enter a market and change the rules
of the game, it is no longer possible to succeed with the old strategies”.
Merluzzi and Brunetti (2017) investigated the challenges related to a digital
transformation for metal companies. They found that the largest challenge a
13

company experiences is whether the economic benefit is sufficient, followed by
the lack of a digital culture within the company. A great amount of companies
also experiences difficulties related to an unclear vision regarding digital
operations from leadership and top management (Merluzzi & Brunetti 2017). A
common vision is necessary to get people engaged. Often, a company vision is
personal and only shared by a few people with a high position within the
company, who forces it on to the rest of the employees. Such an approach might
become accepted, but in many cases, it will not contribute to participation and
engagement from the employees (Senge 1990). Education and inclusion of the
employees are the most crucial parts for a successful digital transformation. To
increase employee acceptance, top management needs to provide
communication about previous project results and an allowance for new
technologies (Stoffels & Ziemer 2017). Hence, it is of great importance to
involve the employees when creating the vision by making their voices heard,
for a successful implementation of digitalization (Bechtold & Lauenstein 2014;
Stoffels & Ziemer 2017).
Another study, on manufacturing companies, showed that the most common
obstacles for digital transformations are unclear benefits, lack of competency
within the company to plan and carry through an implementation project, and
ambiguous IT specifications. Outside of the organizational environment, the
greatest barrier is the lack of technical standardization. A lack of demand
regarding digital solutions from suppliers and customers combined with the
perception that the market is not yet ready for digitalization is also a great barrier
(Stoffels & Ziemer 2017). This has consequently led to companies becoming
more reserved towards applying digitalization (Siemens AG 2017).
Operating as a digitalized company imposes possible risks. Power outages due
to a penetration of power system has been identified as a possible risk
(O’Connell 2008). The Swedish company Scania reserve power in case of a
power outage, that can be directed to prioritized activities when a power outage
occurs, such as keeping a server intact (Barani 2016). Virus-attacks are also great
risks, since different industrial companies previously have been affected due to
vulnerabilities in the operating system. This led to losses in the production as
well as economic damages (Jansen and Jeschke 2018). Hackers looking for
sensitive information has also been mentioned as a risk that must be prevented
(Jansen & Jeschke 2018; Stoffels & Ziemer 2017). There are three measures that
needs to be considered in order to protect a company from risks related to data
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intrusions and virus-attacks: technological measures, organizational measures,
and human-centered measures (Jansen & Jeschke 2018).
Salento (2017) identified the risk of low skilled workers being excluded from the
labor market, when the workforce in the future can be exchanged for machines,
and an implementation of digitalization is likely to increase insecurity and inwork poverty of both low and high skilled employees, which will make the
digitalization of work to be perceived as a threat. Isaksson et al. (2017) raise the
question about the role of the operator when a production process becomes
more automated. To investigate how the operator interacts with the modelbased control and optimization of the production is important to prevent a loss
of competency of the operator, whenever it still is needed. To succeed with a
digital transformation, Andriole (2017) suggests that the company needs to be
able to model its current processes so that the goal is stimulated. He adds, that
just because a digital transformation is possible, does not automatically mean it
will be profitable for the company.
In addition to the risks detected, digitalization is by several researchers
recognized to lead to multiple benefits for the company that chose to implement
it. In fact, the handling of complex processes has improved with recent
technological developments of communication technologies and IT. The
applications of new technologies are believed to benefit the complex production
process of steel by optimizing the production chain and the business processes
(Herzog et al. 2017). Through a good connectivity, the information will be
available more easily which has the benefit that functions that previously were
isolated becomes accessible and more integrated. This is of great importance for
decision making functions, and it will open up an opportunity to a more
optimized and controlled production process (Isaksson et al. 2017). Parviainen
et al. (2017) suggest that the efficiency and quality of the processes will be
improved. It will also open up the possibility for a real-time view of the current
situation in the factory. According to Sabbagh et al. (2012), digitalization allows
a company’s management to operate with a larger efficiency and transparency.
Stoffels and Ziemer (2017) found that digitalization can have the following
benefits for manufacturing companies: improved service processes, facilitate
development of new business models; obtain higher energy and resource
efficiency; increase the collaboration efficiency; enable a stronger client
orientation by enhance the relationship between firms and their clients; gain
higher process transparency which will lead to eased managerial decision-
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making; and allow new ways of capture, create, and deliver value by creation of
new business models.
2.3.

Implementation of digitalization

Herzog et al. (2017) and Merluzzi and Brunetti (2017) jointly mention two
dimensions of integration in which there are challenges in digitalization: vertical
integration and horizontal integration. The vertical integration refers to the
integration of systems across hierarchical automatization, organization and
technical barriers with reason to replace it with a decentralized and flat structure.
The horizontal integration refers to the integration of systems that involves the
internal processes of the production chain in the factory and the external
processes of the suppliers and the customers. It is of great importance to make
the data compatible between apps and platforms. In order to increase the trust
for digital technology, a manufacturing company needs a high data security. It
has also been proven that manufacturing companies need to include
digitalization into their business strategy. An evaluation of previous projects is
a useful method, since it will give knowledge about what is working or not. A
company that has not yet a digital business strategy should start integrating ITstrategies into their business strategy to manage implementing digital technology
with a structured approach (Stoffels & Ziemer 2017). A company that is about
to implement digitalization should also find partner companies within the value
chain, to ease the process of developing holistic customer solutions by
collaboration (Lavie 2006).
To achieve fully automated and digitized production units, a company can aim
to manage these core elements: smart sensors, automatic functions, cyberphysical systems, condition monitoring, smart work and connectivity. A
company can get access to information about the whole process or plant by
using smart sensors. A company can predict outages and unexpected failures of
equipment by collecting data or using mathematical models for future condition
monitoring. Consequently, a company can ensure the best possible operation
and maintenance by letting the employees receive and get access to relevant
information for their job, at the right time (Herzog et al. 2017). All these core
elements relate to information management and how production companies can
take advantage of the information that is connected to production units.
The information flow of a producing company is connected with the material
flow of the production, where the information flow contains information
regarding scheduled production, performance of the operation, etc. (Meudt et
16

al. 2017). There are two ways to collect data from a manufacturing process.
Either manually from a keyboard, where the operator types in the information,
or by Automatic Identification and Data Capture (AIDC), where the data is
collected automatically. AIDC-systems are increasingly used to collect data
within manufacturing processes and material handling. The data is collected by
using codes, machine readers, scanners and data decoder. The digitalized AIDCmethods is superior to the analog method as it reduces the errors, the time
consumption, and the labor cost (Groover 2015).
Bousdekis et al. (2017) used information given from AIDC-methods, i.e.
sensors and measurement devices, for cost saving operations within
manufacturing of headlamps to predict maintenance and spare part inventory
optimization. They changed the maintenance strategy from time-based strategy,
where maintenance was performed with given time intervals, to predictive
maintenance, i.e. condition-based maintenance, where real-time data predicts
the future health of the equipment so that actions can be recommended and
implemented. This method proved to contribute to a significant reduction of
maintenance cost for the production of head lamps and would not have been
possible without the right information. Further, Raza and Ulansky (2017)
showed that predictive maintenance is more efficient than corrective
maintenance by using numerical calculations. Predictive maintenance enables
higher average availability of the machines, with less number of controls.
The additional information that digitalization may contribute to have little
importance if one does not know the area of usage. In fact, too much
information might have negative effects on employees and the organization.
Eppler and Mengis (2004) made a qualitative study on causes of information
overload, how to prevent it, and what effects it might have. Information
overload is caused when the information supply exceeds the informationprocessing capacity of the employee. This can cause stress, anxiety, and
decreased decision quality from the exposed employee. The identified situations
of information overload are: information retrieval, organization, and analysis
processes; decision processes; and communication processes. To avoid a human
from being exposed for information overload, the organization should take
actions to improve personal factors, information characteristics, task and
process parameters, organizational design, and information technology
application.
Within many contexts, when a project involves a changed way of working, one
must not forget to take the learning curve into consideration. The learning curve
17

theory states that the time needed to perform a task gradually decreases as the
task has been performed more times. The time loss itself will gradually decrease
over time to create a decrement curve, until it eventually stabilizes as a straight
line. The learning curve theory is commonly used when determining costs and
to anticipate number of employees needed for a project (Ungvarsky 2017).
A study by Fast-Berglund et al. (2016) showed that digital tools were appreciated
by employees when applying educational workshops about the new phenomena.
Virtual management improves communication facilities across a company’s
different functions, and virtual management along with digitalization is believed
to enable a company to share and filter information. They conducted a case
study that involved a demo of a virtual room, which showed positive reactions
of its application and was considered holding good potential. Hence, it can be a
useful tool when different departments interact, and information is to be shared
(Fast-Berglund et al. 2016). Another related study focused on transforming
whiteboards for work tasks into digitalized version, which showed that the
quality of the information exchange between operators and supervisors
improved (Li et al. 2017).
2.4.

Models for implementation

Germany has since the beginning of the digitalization era been in the front edge
of innovations within production and manufacturing. However, not until
recently, research about how a company should tackle the implementation has
been published. Bouée and Schaible (2015) introduced the subject as they
created a three-step-list including questions a company should consider when
entering the digitalization field. The questions regarded the topics: analysis of
the influence of digital technologies on the industry, comparison with current
position of the own company, and development of an implementation map,
illustrated in figure 2. Each topic contained a list of questions at issue that a
company needs to take into consideration when planning an implementation of
digitalization. The complete list of questions belonging to each topic is viewable
in appendix 1.

Figure 2. Model for implementing digitalization, adapted from Bouée and Schaible (2015)
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Henriette et al. (2015) performed a systematic literature review within the area
of digitalization, and found that research was insufficient regarding how a
company should perform a digital transformation. They specifically emphasized
the need for research to develop a tool to help industries to start their digital
transformation and frame their project. As a response to Henriette et al.’s (2015)
result, Parviainen et al. (2017) developed a digital transformation model by using
information retrieved from companies operating within four different sectors.
They used the Lean Manufacturing principle plan-do-check-act for developing
the model. A four-step-list was created, where every step is described in
appendix 2. The first step seeks to position the company in digitalization,
illustrated in the middle of figure 3, and the latter three steps are iteratively
connected to the first step (figure 3).

Figure 3. Model for tackling the digital transformation, adapted from Parviainen et al.
(2017).

Within the third step of the model, actions that fills the gap between a
company’s current state and goal should be identified. Bechtold and Lauenstein
(2014) suggest that a company should prioritize the actions where the greatest
benefit can be taken for the company. Parviainen et al. (2017) identified three
impacts of digitalization: internal efficiency, external opportunities, and
disruptive change. These three are also related to the goals of digitalization for
an organization due to that it also can led to new business opportunities.
Concluding their research, Parviainen et al. (2017) suggest further research to
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attempt to bring their digital transformation model closer to practice. Hence,
this study aims to make the model directly applicable for any company with a
process layout that wants to implement digitalization.
2.5.

Process layout

A process layout constitutes of a structure where the machines operating the
same type of process within a manufacturing industry, e.g. all rollers and all
hardening machines, are positioned at the same geographically location within
the company. These positions of similar machines are called work centers
(Groover 2015). The process layout is determined to have the greatest advantage
when the demand for the products are low and the variety of parts are high,
while simultaneously being inefficient in their material handling (Groover 2015;
Serper & Greene 1993, as cited in Castillo & Peters 2003). The methods and
machinery of producing parts in a process layout is not designed for a high
efficiency (Groover 2015), whereas the process layout is flexible since it can
produce in a large variety of sequences (Ekren & Ornek 2008; Groover 2015).
A process layout includes a large number of transportation of goods between
the different work centers which generates a high in process-inventory (Groover
2015; Olhager 2014). Since machines and operators usually are limited
resources, a high occupancy is strived for by ensuring all machines always have
products to process, making the capital accumulation due to work in progress
important (Olhager 2014). The cost related to the transportation, i.e. the total
flow cost, can according to Martinich (1997) be calculated by using formula 1
within a process layout.
𝑇𝑂𝐶 =

'

( 𝑐'( 𝑓'(

(1)

Where 𝑇𝑂𝐶 is total flow cost, 𝑐'( is the cost per unit distance between
department 𝑖 and 𝑗, and 𝑓'( is the amount of times work is transported between
department 𝑖 and 𝑗.
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3.

Method

The method chapter will mention the approach of how the study was
performed. Firstly, the selected company of this study is introduced in the
chapter Case selection. Secondly, how the information needed to constitute as
basis of the study was collected is presented in Pilot study. Thirdly, the chapter
Literature review is presenting how the secondary data were collected. Fourthly,
the research method that is applied in order to answer the research question is
introduced in Semi-structured interviews. The methodological proceeding of the
thesis, from the initial idea to the proposed transformation model, is illustrated
through figure 4.

Figure 4. Model of the proceeding of the thesis.

3.1.

Case selection

To conduct the data collection, a company was selected that fulfilled the
qualifications, i.e. a manufacturing company with a process layout production
that are not yet digitalized. The high precision steel processing industry,
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voestalpine Precision Strip AB was selected. voestalpine Precision Strip AB is
located in Munkfors, Sweden and are world leaders in steel rolling.
3.2.

Pilot study

In order to get an understanding of the company and its production, the thesis
work started with four days investigation of the company, where a selected
product was followed thought its production processes. Due to the heavy load
and large variation of products, the most representative product for the
production was selected to make it possible to reflect the company’s production
processes. This product will be referred to as P3:3. The tools considered
necessary to get a sufficient view of the current situation were a Spaghetti
Diagram to illustrate the material and information flow in the factory, and a
Value Stream Mapping (VSM) to get an overview of the products processes and
the internal lead time. As a complemented to the VSM, documents regarding
recent lead times over a five-month period for P3:3 were retrieved from the
company to analyze the coefficient of variation. Furthermore, an estimated cost
saving from reduced transport distance was calculated to show possible
improvements.

3.2.1.

Spaghetti Diagram

The purpose of the Spaghetti Diagram was to get insights on how information
and products where distributed within the factory. To create the Spaghetti
Diagram, a map of the factory was printed. The operations involved in the
production of the product P3:3 was located on the map. At each workstation,
operators were asked to describe the operation. To receive all necessary
information at once, and to make sure all operators responded interconvertible,
a question form was created and used when interviewing the operators, see
appendix 3. To connect the operations, forklift drivers were interviewed using
the question form in appendix 4. The purpose of the question forms was to
capture the operators’ and forklift drivers’ perception. The retrieved
information from the operators and the forklift drivers were mapped on the
factory map. To understand the distribution of information, before and after
the factory operations, supervisors and quality managers, were interviewed.

3.2.2.

Value stream mapping

The purpose of the VSM was to calculate the total cycle time for 10 of P3:3’s
operations to compare with current internal lead times. To create a complete
VSM, data was collected by reviewing current data from the System Application
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Product (SAP) about the product P3:3, where SAP is the Enterprise Resource
Planning system of the investigated company. Cycle times, up-times, shifts, and
number of operators for each operation of P3:3’s process were received from
SAP. Employees of voestalpine provided information about KANBAN cards,
types of product flows, inventory locations, and the customer order point.

3.2.3.

Calculations

To calculate the coefficient of variation of the lead times for P3:3, formula 2
was used.
𝑐𝑣 = 100

/
0

(2)

Where 𝑐𝑣 is the coefficient of variation, 𝜇 is the mean value of the lead times,
and 𝑠 is the standard deviation. The standard deviation can be calculated using
formula 3.
𝑠=

340 5
647

(3)

Where 𝑠 is the standard deviation, 𝑥 is the lead time, and 𝑛 is the sample size.
The numbers were retrieved from the documents, and was compared with the
calculated ideal internal lead time estimated from the VSM, inventory control
and waiting times excluded.
From the Spaghetti Diagram, cost savings from reduced transportation distance
could be calculated. To measure the unnecessary cost of information exchange,
the total flow cost for product P3:3 was calculated using formula 10, see
appendix 5. This cost was compared with the total cost saving after a possible
digitalization, see appendix 5, formula 12. To do these calculations, estimations
regarding daily forklift usage, average walking speed, and average forklift speed
were necessary. The employee costs; number of hours worked per year; the
investment cost of a forklift; the deprecation time; service, repair, and insurance
cost; and the average number of products produced each month was retrieved
from voestalpine Precision Strip AB. The distance between the different
departments was calculated using the result of the Spaghetti Diagram. To
calculate the total flow cost based on the voestalpine functions, a formula was
derived from formula 1 that takes the different transport methods of the
information and products into consideration, i.e. walking and forklift driving.
This derivation can be seen in appendix 5.
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3.3.

Literature review

Articles about previous research on digitalization were found through Karlstad
University database. When doing the literature review to build the theoretical
framework, articles were searched in the Karlstad University search tool
Onesearch. This search tool was chosen since it included the largest supply of
articles accessible for the authors, collected from 122 different databases.
Keywords used in the article search included “Digital Transformation”,
“Digitalization”, “Implementation”, “Roadmap”, “Process Layout”,
“Functional Layout”, “Job-shop Layout”, etc. To make sure the articles came
from reliable sources, a search filter to remove all articles that were not peer
reviewed was used. After an article was found, its reliability was double checked
by the authors. This was done by using the quotation function in Google
Scholar, making sure the article used proper references, and double checking
the publisher.
3.4.

Semi-structured interviews

The study is represented by an inductive approach, as the collection of data was
planned and determined in advance. Semi-structured interviewing was chosen
as the research method to achieve greater understanding about the identified
research gap and to allow specific issues and topics about the phenomena to be
addressed (Bryman & Bell 2011). To be able to collect a sufficient amount of
data to create the transformation model, personnel of voestalpine Precision
Strip AB was interviewed through a semi-structured interview approach.

3.4.1.

Structure of interviews

The purpose of the interviews was to understand the way the participants
perceive their social world and allow the interviewer to be flexible in conducting
the interview (Bryman & Bell 2011). An interview guide was designed before
the interviews were conducted, with intention to help the interviewer direct the
conversation toward previously determined issues and topics. The guide was
used as a template to ensure that the interviewer covered the determined themes
and asked the questions in a non-biased way, while at the same time allowing
the interviewer to prompt the participant with further questions. All of these
themes were produced so that when combined, they would give a sufficient
amount of data in order to answer the research question to the greatest extent
possible. The questions regarding each theme were formulated in a way so that
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they would all contribute to give a general and widespread view. The interview
guide, including the themes, is presented in appendix 6.
The interview questions were verified and tested before the interviews were
carried out. The questions were overlooked by supervisors and corrected before
a test interview was performed. The participant of the test was another student
who was familiar with digitalization and had worked within logistics.

3.4.2.

Participants

To limit certain potential influencing factors, and to receive a wide range of
perspectives of the company, participants were selected from different
departments, occupations, hierarchic company levels, genders, and ages. How
the company is organized is illustrated in appendix 7. The selected participants
were believed to give the most reliable input regarding the digitalization
possibilities. The participants were contacted through email, where the purpose
of the interview was explained, followed by a request of participation. The
request was sent out to 14 employees, in which 10 of them accepted the request.
Three persons rejected the proposal, explaining that they did not have enough
knowledge within the specific area to contribute to the study. All three of them
recommended other employees within their department that would be a better
fit. Those employees where contacted and interviewed. One employee did not
respond to the request. Since the no-response employee’s department already
had one representative, the matter was ignored. The list of the participants is
located in appendix 8, and provides the participants’ gender, age, occupation,
and department.

3.4.3.

Execution of interviews

To get different perspectives, both authors participated during the interviews.
One was leading the interview with the general directions from the interview
guide, the active interviewer, and one was taking notes and observed the
interview process, the passive interviewer. This method was selected since
interviews benefits from being performed by multiple observers (Eisenhardt
1989; Bechhofer et al. 1984). Bechhofer et al. (1984) further discuss advantages
of having one “active” interviewer and one “passive” interviewer. While the
active interviewer is to question the participant and make brief notes, the passive
interviewer can make more extensive notes and observe the participants
responses and reactions.
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The interviews were planned to be held during one hour in order to collect a
sufficient amount of data. Due to the importance of capturing the interviewees
answers in their own terms in a qualitative research (Bryman & Bell 2011), the
data from the interviews were collected by audio recording. After each
interview, the authors made notes about how the interview went, how the
setting had been, observations, and perceptions from the interview. These
reflections improved the interviewers interviewing techniques and dynamically
improved the interview guide during the process. The feedback from an
interview is important in order to capture another kind of information that
could be of interest to the study (Bryman & Bell 2011).
3.5.

Analysis

All interviews were transcribed by the two authors and proofread to eliminate
mistakes. All transcriptions were written so they would represent the way the
interviewee expressed themselves and capture their emotions to the closest
extent possible. The coding of the transcribed interview was done in regard to
determined themes, connected to a digital transformation. The different coding
categories were to give extensions to the transformation model, and the themes
related to each coding category, is presented in figure 5. The complete list of
coding categories can be found in appendix 9.

Figure 5. Illustration of the coding categories within digitalization and related themes to each
coding category.
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The analysis was structured based on problematizations from previous research
and Parviainen et al.’s (2017) transformation model. The collected data was
analyzed in three areas: a pilot study to increase the internal efficiency, a
literature review where the differences between Parviainen et al.’s (2017) model
and Bouée and Schaible’s (2015) model were compared, and semi-structured
interviews where the responses from the interviews were compared to the
theoretical framework to extend the current transformation model.
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4.

Empirics

The empirics will present the data that were collected through the study, starting
with the case selection, followed by the pilot study that motivated this study,
and finishing with results from the semi-structured interview linked to previous
research.
4.1.

Case selection

The chosen company is part of the Austrian group voestalpine AG, who is
currently in the starting phase of making a digital transformation within the
whole group, with attempt to increase their efficiency and improve their
position on the global market (voestalpine AG 2018). Digitalization is therefore
high on the agenda for voestalpine Precision Strip AB. Wolfgang Eder, the
Chairman & CEO of voestalpine AG, states:
Digitalization will lead to the company becoming even more tightly
integrated. And digitalization offers the opportunity for the voestalpine
Group to even more clearly and definitively secure for the future this one
step ahead we have achieved over the past few years. Because I am
confident that we have the best employees when it comes to managing the
challenges of digitalization. (voestalpine AG 2017b, 0:49)

voestalpine AG believes that digitalization will benefit them in every area, by
enabling the company to better fulfill customers’ requests, boost efficiency and
quality, and advance in the product and service area (voestalpine 2017a). The
company’s attitude towards digitalization, how far they yet have come, and their
factory layout all together made voestalpine Precision Strip AB a great company
for collecting data for this study.
voestalpine AG has detected some challenges regarding digitalization. The
biggest challenges involve the importance of having the right qualifications for
the steps that are necessary to enable digitalization, enough employees that can
support the qualifications, and the knowledge about how to ensure a sustainable
support for the digitalization in the future. Challenges also involves the threats
that comes with digitalization, including vulnerability to cybercrimes due to the
digital processes that will penetrate the company (voestalpine AG 2017a).
4.2.

Pilot study

Today, information within the voestalpine Precision Strip AB factory is
distributed through so-called work cards. These analog cards have several areas
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of usage. They contain information about the end-product, gives specific
information for each operation in which the product is processed, and are used
as a signal between the operators and forklift-drivers. The work card is
positioned in a certain folder on a pillar to signal when a product’s processing
time is done or when an operation is ready to have more material delivered.
The data used to calculate the total cost saving is presented in table 1, 2, and 3,
which illustrates calculated values, giver values from voestalpine, and estimated
data.
Table 1. Distances calculated from the Spaghetti diagram.
Product flow

Information flow

Distance walked

0m

1,813 m

Distance driven

1,515 m

1,143 m

Table 2. Data retrieved from voestalpine Precision Strip AB.
Average products produced

10.4 products/month

Forklift investment cost

750,000 SEK

Forklift deprecation time

7 years

Forklift service, repair, and insurance cost

55,000 SEK/year

Number of worked days

335 days/year

Number of worked hours

8 hours/day

Low-income employee cost

37,500 SEK/month

High-income employee cost

45,800 SEK/month

Table 3. Estimated data.
Walking speed

4 km/h

Forklift speed

8 km/h

Forklift usage

23 h/day
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Using formula 10 from appendix 5 gives a total cost of transporting information
and products: 2,650SEK/month. Formula 12 gives the possible cost saving:
1,300SEK/month. Taking only the manual transportation cost for product P3:3
into consideration, this constitutes with a 49% cost decrease.
Product P3:3 had the total cycle time of 41.73 hours from commodity stock to
the first inventory control, and the total cycle time of 37.15 hours between the
first and the second inventory control. The ideal internal lead time, excluding
waiting time between operations and time spent in inventory due to inventory
controls and KANBAN, was thereby determined to 78.88 hours. Documents
from voestalpine Precision Strip AB’s planning department provided
information regarding the documented lead times of the product P3:3 between
the period 16th of August 2017 - 6th of January 2018. The average lead time for
the product between operation 800-810 was 13.25 days and were in the interval
7-72 days, figure 6. The average lead time for the product between operation
810-860 was 11.38 days and in the interval 1-14 days, figure 7.

Lead times P3 - 27007887
Operation 800-810
80
70
60
50
40
30
20
10
0

Figure 6. Lead times of the chosen product between the operations 800-810.
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Figure 7. Lead times of the chosen product between the operations 810-860.

Figure 6 and 7 shows great variations in lead time between the different orders
of the same product. The coefficient of variation was 49% between operation
800-810, and 39% between operation 810-860. Operation 800-810 has one
value that is significantly higher than the rest. Since this protrusive value differs
significantly compared to the rest of the values, the coefficient of variation was
also calculated excluding this value, which gave a coefficient of variation of 29%.
4.3.

Semi-structured interviews

The quotes from the interviews that relates to previous research and theory
regarding digitalization are presented in tables in appendix 10, 11, 12, 13, 14,
and 15. The appendices show selected results from the interviews regarding the
following areas: digitalization in general, opportunities, challenges and
limitations, and risks.
The participants perception about the concept digitalization is shown in the first
row of the table in appendix 10, where their quotes represents their own
definition of digitalization. The second row of the table presents quotes from
the interviewees linked to the importance of performing an implementation,
followed by recommendations that will ease the digital transformation.
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Opportunities related to digitalization within a company is shown in a table in
appendix 11. The main opportunities are shown in the table in regard to
associated themes, which were: control of production, information
management, and complex process development.
The interviewees perceived challenges and limitations related to digitalization is
presented in appendix 12, where the quotes from the participants is linked to
the identified themes: competency, digital culture, resources, and demand. The
participants were able to suggest solutions to the challenges and limitations
considering two of the themes: competency and digital culture. These suggested
solutions are presented in appendix 13.
The risks that has been identified by the respondents are presented in appendix
14. These risks could be divided into the following themes: change management,
increased workload, technical issues, and cyber-attacks. Solutions and
recommended actions of the risks are presented in appendix 15.
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5.

Analysis

The lack of research regarding a model on how a company should tackle an
implementation of digitalization, made Parviainen et al. (2017) develop a
transformation model, based on data collected at four different sectors. Their
research was acknowledged as too generic and insufficient to be generalized
over a wide range of companies. Hence, this is why this study examines a
specific case to make the implementation model by Parviainen et al. (2017) more
practical.
5.1.

Pilot study: benefits of the internal efficiency

As shown in the pilot study, voestalpine Precision Strip AB has a complex
production process related to their core businesses of processing steel, and the
company would benefit from using new technology that enables them to plan
operations and optimize the production chain and business processes (Herzog
et al. 2017; Markovitch & Willmott 2014). In the pilot study, it was discovered
that there were large coefficients of variations in lead time of voestalpine
Precision Strip AB’s production. In addition, the lead time measured did not
reached one day in some cases, see figure 7, which is very inaccurate due to the
fact that the total cycle time is two days, excluding the waiting time and
inventory control. It has been pointed out by several of the respondents that
digitalization will lead to an increased control over the production processes,
when all the information will be collected digitally (appendix 11). The increased
control can be used to make decisions about finding bottlenecks and continuous
improvements that can lead to decreased coefficient of variations and thereby
more reliable lead times. Such high coefficient of variations impairs the delivery
dependability. The change in coefficient of variation could be used as a
measurement to visualize the effect digitalization have had on the production.
The cost saving possibilities found if information would be handled digitally
instead of manually turned out to be rather high. Comparing the total cost of
today with a changed way of working where information would be
communicated digitally, a 49% cost saving can be achieved due to decreased
usage of resources, such as employees and forklifts. The average production of
P3:3 is only 10 per month, but still constituted in a possible saving at
1,300SEK/month. Hence, one can expect that if all products would be included
in the calculation, the possible cost savings would be much higher and
contribute to a greater internal efficiency of voestalpine Precision Strip AB.
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5.2.

Literature review: comparing the models

Out of the two transformation models found related to digitalization, the most
extensive and detailed was the one of Parviainen et al. (2017), however, Bouée
and Schaible (2015) present inputs that Parviainen et al. (2017) fails to mention.
The following three paragraphs will analyze these differences to find theory
from Bouée and Schaible (2015) to extend the model of Parviainen et al. (2017).
In the first step, positioning a company in digitalization, Bouée and Schaible
(2015) suggests analyzes of what products, suppliers, competitors, customers,
and regions that are affected. Along with this, a company should also find at
what point a change of the value chain will appear. These analyzes are
considered important in an early stage, since it will be the foundation for another
suggestion of theirs: finding future market participants to cooperate with in the
step of creating an implementation model. This cooperation can be of great
importance for an effective use of digital tools, and is assumed to create a winwin situation for the market participants included. Stoffels and Ziemer (2017)
claims that it will also ease the process of developing holistic customer solutions
by collaboration. Hence, the suggestion by Bouée and Schaible (2015) of finding
affected market participants, cooperation possibilities, and points of which the
value chain is changed, will be added to the proposal. However, it is only
considered important regarding goals related to external opportunities and
disruptive change, since a change of internal processes will have a small effect
on the value chain or market participants.
The step comparison with current company in the Bouée and Schaible’s (2015)
transformation model is considered eligible with the step review of the current
state in Parviainen et al.’s (2017) transformation model. In this step, Bouée and
Schaible’s (2015) mention one aspect that is not covered by Parviainen et al.
(2017), i.e. to evaluate where the digital business strategy is anchored
organizationally. Stoffels and Ziemer (2017) proved that manufacturing
companies need to include digitalization into their business strategy. They claim
that a company that does not yet have a digital business strategy should start
integrating IT-strategies into their business strategy to manage implementing
digital technology with a structured approach. Hence, a question should be
added into Parviainen et al.’s (2017) transformation model where impacted areas
are to be analyzed, that firstly encourage to create a digital business strategy and
secondly to find or decide where the digital business strategy is or should be
anchored organizationally.
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The third and final step in Bouée and Schaible’s (2015) transformation model,
development of an implementation map, is considered equivalent with
Parviainen et al.’s (2017) third step, roadmap for digitalization. Bouée and
Schaible (2015) includes two aspects that Parviainen et al. (2017) fail to mention,
i.e. to investigate which platforms/standardization processes that actively needs
to be shaped and in which places political influence should be exerted. None of
the respondents mentioned either platforms/standardization processes nor
possible political influences. The constant shaping of platforms and
standardization processes is assumed to be of great benefit, since the
digitalization work is not a one-time implementation. To work with continuous
improvements will make the company evolve even after the transformation
model has been completed, and will therefore be transferred to the
transformation model. To investigate where political influence should be
exerted is also transferred to the transformation model since it is an important
area to aspect that regards all types of companies, not only manufacturing
companies. Although, more research in the subject is needed.
5.3.

Semi-structured interviews: comparison with theoretical
framework

5.3.1.

Definition

The literature review provided different definitions of digitalization. When
asked to define digitalization, many of the interviewees showed signs of
insecurities. Most definitions were either vague or related to transformation
from analog systems and work tasks to digital versions (appendix 10). The
participants mentioned possibilities of changed way of working with different
systems, decision making, and automation. These perceptions align with
Brennen and Kreiss’ (2014) definition, that digitalization is the adoption or
increase of digital technology usage for a company or industry. Another
definition of digitalization mentions change of business models, new ways of
creating revenue and value, and new possibilities (Gartner Inc. n.d.). This more
innovative and comprehensive definition is not mentioned by the participants,
in fact none of the interviewees relates digitalization to a change of business
models. This might be caused by the niched business with few competitors, or
Merluzzi and Brunetti’s (2017) perception that the steel industry is a
conservative business that is late on adopting new innovations and technology.
Analyzing the interviews, it was discovered that the majority of the interviewees
answers were linked to one out of the three viewpoints that Parviainen et al.
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(2017) are mentioning. Also, the definitions related more to internal efficiency
than external opportunities and disruptive change. It seems that the purpose of
implementing digitalization, for voestalpine Precision Strip AB, is to make the
internal processes and functions more efficient, not to fulfill any other potential
benefits identified by Stoffels and Ziemer (2017), such as facilitating
development of new business models, enabling a stronger client orientation, or
allowing new ways of creating value by creation of new business models. The
definitions from the participants are also more connected to a digitized factory
rather than a digitalized one, according to Parviainen et al.’s (2017) description.
Parviainen et al.’s (2017) transformation model emphasizes the importance of
defining functionalities to enable the company to improve the internal efficiency
with digital technologies so it can be optimally utilized, and not just to digitize
the factory. This indication is supported by this study. The different definitions
and perceptions about digitalization shows that there is no common explanation
that describes what digitalization actually is. The uncertainty is assumed to make
it even harder for companies to understand its contribution, i.e. the dimensions
of internal efficiency, external opportunities, and disruptive change. Yet, there
is no such step in any transformation models. Hence, defining digitalization is
therefore added as an extension of the first step in Parviainen et al.’s (2017)
proposed transformation model, in alliance with Rotter and Eder’s (2017)
statement that digitalization should be defined by each company since their
purpose for digitalization will vary.

5.3.2.

Importance of digitalization

The importance for a company to implement digitalization cannot be
underestimated. The computer technology has had an impact on companies
from its origin, making companies able to increase their product flow and reach
global markets (McConnell 1996). Bechtold and Lauenstein (2014) expresses
that digitalization is vital in order to ensure competitiveness. Digitalization has
penetrated many markets and is finding its way through manufacturing
industries as well. Close to all of the interviewees noticed this, and explained
that voestalpine Precision Strip AB needs to digitalize or they will shortly not
be able to compete (appendix 10), even though their market is yet not too
bloody. Their perceptions are linked to a survival among other competitors, a
red ocean strategy (Kim & Mauborgne 2005). As Neus et al. (2017) described,
old strategies will no longer work when a company enters the market with a new
business approach that changes the rules. One interviewee noticed that
digitalization already has reached the market, declaring that there is no turning
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back and what they can do now is to increase the knowledge about digitalization
and investigate how far they reached (appendix 10).
Constantly evolve and move forward is achieved by listening and being
responsive to customers and other parties demands. The horizontal integration
between the internal production processes, the customers, and the suppliers,
that digitalization creates can make this responsiveness possible (Herzog et al.
2017; Merluzzi & Brunetti 2017). It seems beneficial to have a flatter structure
of the supply chain as well as within the company, hence digitalization is
believed to enable a company to become stronger than competitors when
introducing improved collaboration opportunities. Parviainen et al.’s (2017)
formulated questions, related to external opportunities in the review of current
state, allows a company to consider competitiveness, customer segments, and
new offerings. Important to note, this is under the condition that a company
has the competency that enables them to identify external opportunities, thereof
the pre-step of securing competency.

5.3.3.

Recommendations

Previous transformation models have agreed that actions to fill the gap between
a company’s goal with digitalization and their current state needs to be specified
and prioritized (Bouée & Schaible 2015; Parviainen et al. 2017). Although,
guidelines of how a company should prioritize these actions needs to be
extended. Four suggestions regarding actions that should be prioritized
(appendix 10) can be seen in the following list:
•
•
•
•

The actions that would create the largest benefit from the digitalization project
The actions that would cause the least interference with the current processes
The actions that takes the least amount of time to complete
The actions that relates to the areas where most time is spent on unnecessary
tasks

These suggestions are considered a great guideline for a process layout company
and should be used to extend current digitalization transformation model.
Bechtold and Lauenstein (2014) and Parviainen et al. (2017) support the
suggestion that actions should start where the highest benefit can be reached.
No research has been found to support the latter three bullet points, but in the
case of a company with a process layout, they seem very applicable as the most
strategic investments.
Another recommendation from the interviewees related to how to benefit from
other projects. Stoffels and Ziemer (2017) suggested that previous project
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should be used to retrieve knowledge about what has worked in the past. The
same conclusion was mentioned by one of the interviewees, who suggested that
even companies within the same Group should be contacted for this purpose
(appendix 10). Analyzing this further suggests that a company should trade on
others’ experiences to the furthest extent possible. If information from
competing companies are accessible, it should be used to learn lessons and draw
conclusions from. This step, of analyzing previous projects for guidelines is
considered a suitable expansion of Parviainen et al.’s (2017) transformation
model, hence, an additional step of comparing analyzed action with previous
projects is added.

5.3.4.

Control of production

There is generally a positive attitude among the participants towards
digitalization and the perceived opportunities that comes with it. Digitalization
is believed to alter the way companies are overviewing and controlling their
production processes by several of the participants. By capturing data in a digital
way, the interviewees believe that it will be easier for the company to analyze
and draw conclusions (appendix 11). It is also mentioned that the company will
be able to overview the interactions between different parameters of the factory.
Herzog et al. (2017) support these perceptions, stating that the development of
communication technology and IT improves the way of how to handle a
complex process. They further explain that digital technology will enable the
company to establish a horizontal integration of systems involving the units of
the production as well as for customers, suppliers, and other third parties.
Parviainen et al. (2017) explain that digitalization enables the factory to have a
real-time view of the current situation as well as improving the efficiency and
quality. This was also mentioned by an interviewee who discussed the benefits
further, suggesting better delivery precision as a consequence when mentioning
control of the production and material flow (appendix 11).
An automatic and digital collection of data also makes it possible predict
maintenance and decrease maintenance costs (Bousdekis et al. 2017), which will
benefit the employees (Groover 2015). Interviewees explain that a digitalized
collection of data might contribute to predictive maintenance, making it possible
for proactive repairs (appendix 11). This leads to fewer stops and the ability to
prevent failures. Raza and Ulansky (2017) explain that predictive maintenance
enables higher average availability of the machines, with less number of controls,
which is assumed to benefit the internal efficiency of the company.
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Markovitch and Willmott’s (2014) also point towards an improvement of
information intense processes by using digital tools, involving control of
performance, risks, costs, time, and the ability to anticipate when to address
problems. This is mentioned by an interviewee in the context of operators,
machines and control of production, where digitalization is believed to benefit
the operators work by helping them to plan upcoming operations, serve in
advance, and produce more while ensuring the right quality (appendix 11).
Parviainen et al.’s (2017) questions about goals related to internal efficiency in
the step of reviewing the current state are thereby kept in the proposal of this
paper. Furthermore, identified examples of opportunities and strengths that a
company may expect is included in a table of the SWOT analysis in the proposal.

5.3.5.

Information management

Despite the identified risks related to transparency and collection of
information, the majority of the interviewees expressed an optimism about
digitalization, partly because it will make the information management much
easier. Digitalization is believed to improve the handling of archives, increase
the interactions with customer and suppliers in the supply chain, and increase
information availability throughout the company. Furthermore, it seems to
benefit the organization as well by making information easier to share (appendix
11). Interviewees’ reflections about the current information management show
that there are issues related to a hierarchical communication. Their answers
points towards miscommunication, loss of information and data, and unused
employee creativity. The computer technology is assumed to improve decision
making by facilitating a vertical integration within the organization (Herzog et
al. 2017), and contributing to a flatter structure, allowing communication
throughout the organization (Howard Isenberg 1995, as cited in McConnell
1996). Isaksson et al. (2017) agree, saying that decision making linked to the
production processes will be benefited by a good connectivity and the
availability of information, further assuming that business functions will be
more integrated.

5.3.6.

Complex process development

The production units can interact through digitalization (Herzog et al. 2017),
and a company can simplify a factory with complex processes by having it fully
digitalized. This integration also supports the improvement of decision making
cited by McConnell (1996). Even though most of the interviewees and
researchers were positive about the impacts digitalization will have on
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information management, one interviewee showed skepticism about handling
information in a digitized manner. He experienced that it is easy to miss details
when digitally delivering a message instead of in person, but simultaneously
argues that reaching out with a greater amount of information is easier
performed digitally (appendix 11). By analyzing his statements, it can be
concluded that different types of information should be handled in different
ways. Although, Li et al. (2017) showed an improvement of information
exchange between operators and supervisors when digitalized versions of
whiteboards were applied. Fast-Berglund et al. (2016) believe that virtual
management can improve the way a company presents and communicates
information. Virtual management may be used when presenting information
regarding the company’s success, functions, and processes. However, it is not
yet believed that all communication should be presented on computers, since a
face to face conversation between employees and managers is preferable in
some occasions. This finding is important for a company to consider when
implementing digitalization. Although, proof of how to extend Parviainen et
al.’s (2017) transformation model is lacking, and further research needs to be
done.

5.3.7.

Competency

A company should start with analyzing digitalization trends, their relevance, and
how far the company has currently come within these trends. It is also important
to analyze the risk of implementing or not implementing digitalization
(Parviainen et al. 2017), which requires certain competency within the company.
The importance of having right competency was crucial and mentioned as a
challenge in the context of opportunities, since knowledge about other
organizations’ work and a certain level of digitalization competency seems to be
required. Two interviewees argued that there will be a need of specific
competency to enable the company to understand the use of digitalization and
what opportunities it brings. One of them related this necessary competency to
the higher levels of the organization, including the CEO, further explaining that
the companies in the future will have to fight for this necessary competency
from universities and colleges. The other interviewee saw a solution in finding
this competency outside of the organization (appendix 12; appendix 13).
Multiple studies agree with the issue of competency, stating that competency is
an obstacle for manufacturing companies when making a digital transformation
(Bechtold & Lauenstein 2014; Stoffels & Ziemer 2017). A change in
competency related to the operations is also to be expected (appendix 12).
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Isaksson et al.’s (2017) research on automated processes speaks for the
importance of investigating how to preserve operators’ competency where it
still is needed. Conclusions can be drawn that a company should be aware of
relevant competency for a successful digitalization. Having the right
competency is considered a necessary step to include in the transformation
model, since a company is believed to be less likely to find drivers to encourage
the issue of digitalization further otherwise. It seems relevant to obtain the
competency before analyzing trends and risks, consequently, a pre-step is
created in the proposal before the steps in Parviainen et al.’s (2017)
transformation model.

5.3.8.

Digital culture

Many of the interviewees noticed big challenges and barriers in the digital
culture of the employees. An interviewee has experiences restrictions related to
how senior employees handle computer technology (appendix 12). The same
interviewee claimed that there is currently a shift of generation in the factory,
and that this issue will have a decreasingly limiting effect. Others argued that it
is necessary to inform the employees about digitalization in order to make them
understand its opportunities and its importance for the company. The method
most participants suggested was to satisfy the employees that digitalization is
the right way to go, either through education or informational meetings
(appendix 13), which Stoffels and Ziemer (2017) state as crucial for a successful
implementation. One interviewee described an attempt where the company
educated employees about the concept of Lean Production and the meaning of
implementing it (appendix 13). He concluded that the workshop showed
promise, but that there were still doubts among the participants that related to
their complex process and niched business.
Investigating how employees experience concepts in an educational form is
therefore suggested as an additional step to enable the company to inform
employees about the concept and its opportunities. voestalpine AG (2017b)
realizes highly trained employees as the key to success. By focusing on training
measures for employees, jobs of the future are expected to be secured and the
company can better ensure the social performance of their sustainable approach
for the future. The investigation is believed to give the management an idea
about reactions from employees before an actual implementation. By receiving
inputs from employees, the company can further benefit from
recommendations of how to implement it properly and finding out what
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disagreements there is. Furthermore, the expected change in competency is
added in the proposal as a phenomenon to include in the analyzes of future
scenarios.

5.3.9.

Resources

Connected to the statement that an implementation of digitalization does not
automatically generate a profit (Andriole 2017), Merluzzi and Brunetti (2017)
found that the largest challenge in the context of digitalization for metal
companies is to know if it will contribute to a sufficient economic benefit. A
digitalization means large investments and companies strives towards a
reasonable time of return. Possible economic impacts were noticed by several
of the interviewees. They mentioned cost and time as required resources when
discussing challenges and limitations linked to an implementation of
digitalization (appendix 12). They explained that an implementation will be
time-consuming and must be done in parallel with the work related to the core
business, which are expected to lead to a shortage in resources.
The fact that voestalpine Precision Strip AB possesses an old machine park is
both typical and problematic for many process layout industries, because it
requires much resources in time, money, and personnel to connect the old
machines. Other costs mentioned are the investments in systems and
connecting them digitally. A company about to implement digitalization must
accept that digitalization might cost a lot, because your days will be counted if
you decide not to get on the journey of digitalization (appendix 12; Bechtold &
Lauenstein 2014). Even though the financial benefits are indistinct, digitalization
might, as mentioned, be crucial to implement in order to stay competitive
(appendix 10). All participants mentioned risks regarding their process and the
implementation, which makes the analysis of the future scenarios very
appropriate in an early stage. Parviainen et al. (2017) emphasize the importance
of analyzing possible future scenarios in positioning a company in digitalization.
The impacts on costs, benefits, risks as consequences from potential scenarios
are to be analyzed in step 1.3. The proposal will extend the step by including the
phenomena of parallel work for employees as example of what a company is
recommended to include in the analyzes. Parviainen et al. (2017) also include a
cost-benefit analysis and an offerings and resources analysis of identified actions
towards digitalization. The cost and resources are considered to be of crucial
importance based on the responses, which makes them crucial to analyze again
once the produced actions’ feasibility is to be determined.
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5.3.10.

Demand

Even though the company shows willingness of digitalizing their business, it
seems to be a lacking need for a digital transformation in the investigated niched
business. One interviewee’s response reflected this absence of demand by
mentioning their very few competitors in the world, while another participant
referred it to an absence of demand from third parties such as external auditors
(appendix 12). Competing with few competitors, a company may feel
comfortable with its well proven way of doing business, but the interviewees
expressed the importance of continually move forward (appendix 10; appendix
12). The business development in general seems to be linked to the survival of
the business rather than being directly connected to the need of digitalization,
bringing back the topic of the blue and red ocean strategy. Stoffels and Ziemer
(2017) support the interviewees’ perceptions, showing that companies
encounter obstacles such as a lack of demand for digital solutions from
customers, suppliers, as well as from a market that is not yet mature for a digital
transformation. The lack of demands on digital solutions seem to not only
challenge the company by slowing down the transformation time, but also result
in resistances and limitations when implementing digitalization. It has been
discovered through this analysis that the step of positioning the company in
digitalization of Parviainen et al.’s (2017) transformation model related to
external opportunities, is highly relevant and crucial to understand when there
is a lack of demand, otherwise there will be no drivers to indicate a change. The
questions regarding goals for external opportunities a company should consider
in the second step are considered sufficient, and this part is therefore left
unchanged in the transformation model proposal of this paper.

5.3.11.

Change management

Salento (2017) has drawn attention to risks that an industry may encounter when
implementing digitalization, such as in-work poverty and exclusion from labor.
These risks affect all employees, and the interviewees’ answers relate to this
research when speaking about challenges and risks related to an implementation
project. Many respondents claimed that an implementation project might face
resistance from the employees, that might feel scared to be replaced by a
machine or are unwilling to change their work routines and work methods
(appendix 14). The threat of being replaced and excluded is related to the risk
that Salento (2017) is describing. The experienced risks are the employees’
maturity for a digital transformation, their unwillingness to use new work
routines, and their feeling of being monitored. One interviewee argues that
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unwillingness of adapting to new systems can lead to loss of work ethic from
operators (appendix 14).
When implementing digitalization, it has been pointed out that an inclusion of
the employees in an early stage is crucial to make all employees on different
levels work within the same direction and avoid counterwork (Bechtold &
Lauenstein 2014; Senge 1990; Stoffels & Ziemer 2017). Despite this, only one
interviewee mentions an inclusion of employees in the project planning process
as a solution to the issue (appendix 15). In order to decrease resistance from
employees, the interviewees propose a dialog with the employees and stress the
importance of implementing a system that is user friendly and that serves its
purpose (appendix 15).
The interviewees observed that when any project is performed within
voestalpine Precision Strip AB, employees further down in the hierarchy are not
notified that a change involving them is taking place and are not asked to
participate or give opinions (appendix 11), probably caused by the vertical
hierarchy within the company (appendix 7). The late notification seems like the
main cause of why employees might have a negative attitude to changes
regarding them. Digitalization is believed to create a vertical integration,
providing the company with a flat structure with decreased barriers (Herzog et
al. 2017). Consequently, when implementing digitalization, a flatter structure is
preferable, and a step where employees from all levels of the organization in an
early stage can help set up goals and visions can bring amelioration to Parviainen
et al.’s (2017) transformation model. Since Parviainen et al. (2017) does not
mention the involvement of the employees in the transformation, it has been
concluded that it would be the most appropriate of doing so when actions to
fill the gap between digitalization goals and current state are to be determined.
This step is therefore extended with actions regarding internal efficiency.
One interviewee believes that a factory that has many different products and
product flows is difficult to digitalize (appendix 14), and even though there is
not yet a determined approach, digitalization is assumed to benefit the company
when it is implemented. When the implementation is complete, the theory of
the learning curve is an important phenomenon to take into consideration.
Ungvarsky (2017) states that the time needed to perform a task gradually
decreases as the task has been performed more times. voestalpine Precision
Strip AB has to expect that the system will not reach high efficiency immediately
(appendix 14). Considering the old laborer situation in many industries, it is
reasonable to assume the learning curve to be rather long for a project like
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digitalization. Therefore, Parviainen et al.’s (2017) step of positioning a company
in digitalization is further extended with the inclusion of learning curve as
recommended phenomena to analyze in future scenarios.

5.3.12.

Increased workload

Furthermore, many of the interviewees believe that inconvenient systems and
work routines may lead to an increase of workload (appendix 14). A system that
does not fit the company or specific department can generate information
overload for a specific employee, increase the workload, move workload from
one place to another, or create inaccurate data. Information overload can affect
the decision making, since it causes stress and anxiety for the exposed employee
(Eppler & Mengis 2004). There are no clear solutions for these problems, but
the interviewees suggested that the company should include a risk analysis when
carrying through projects, and make sure to build user friendly systems holding
the required functionality. Parviainen et al. (2017) include several steps where
risks are to be analyzed, and no additional step needs to be added in this regard.
According to Eppler and Mengis (2004), the organization should take actions to
avoid employees being exposed to intense information overload.
When research implies that the usage of digital tools is beneficial to improve
information intense processes (Markovitch & Willmott 2014), the importance
of highlighting the risk of increased workload to the employees may be exposed
to increases. Hence, this is why it is important for the company to define what
digitalization means for them, how the horizontal and vertical integration should
be designed, and what information will be included. An inclusion of employees
in the development phase of systems and an allowance of employees giving
feedback regarding the functionalities of the system are considered solutions to
decrease the negative effects of using a system that is not user friendly. This is
added in defined actions related to internal efficiency in Parviainen et al.’s (2017)
transformation model.

5.3.13.

Technical issues

Other identified risks are technical issues with the systems. O’Connell (2008)
identified power outages as a risk that could have bad aftermaths. The
aftermaths the interviewees discussed was confusion among employees, more
work, or in worst case, a loss of data that may result in production stops
(appendix 14). One employee working within production explicate the benefit
of sending information by papers, claiming that the risks relating to extra work
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and disturbance of production processes can be eliminated by using the work
cards as information-carriers (appendix 14). An interviewee concluded that data
need to be stored in a safe way, making sure that it is reachable even when the
power is lost (appendix 15). Companies that reached far in digitalization, for
example the trucking industry, realize this by reserving power in case of an
outage that is directed to prioritized activities (Barani 2016). To achieve this, the
interviewee states that a great cooperation with the IT-department is crucial to
develop safe solutions (appendix 15). Interpreted from this, a high level of
competency is crucial in order to implement digitalization in a functional way,
not only in the planning process but also to find technical solutions needed to
make the systems functional. Parviainen et al. (2017) propose that a company
should analyze competencies when reviewing the current state, step 2 in their
transformation model. This is supported by this study, but examples of relevant
competencies have been further discovered. Hence, this paper extends
Parviainen et al.’s (2017) transformation model by adding competencies of
technical solution and functionality as important examples.

5.3.14.

Cyber-attacks

Risks that many interviewees mentioned connected to digital storage of
information was hacker-attacks and virus-attacks. Being exposed will have
serious effects on production productivity and financial situation (Jansen &
Jeschke 2018). Cyber-attacks were frequently mentioned throughout the
implementation model by Bouée and Schaible (2015), however, not at all
mentioned by Parviainen et al. (2017). For a niched company, holding
confidential information about the production process secret is of utmost
importance. Most interviewees agree that keeping all information digital
increases the risk of it ending up at unauthorized possession, either through
attacks or from employees sharing information for their own profit (appendix
14). When becoming more digitized, the risk of losing documents is decreased,
either through physically losing them or a fire accident, but the risk of
information getting accessible to competitors increases.
To reduce the risk of employees leaking information, transparency only to a
certain level is suggested, which means that each individual employee only
access the information he/she needs (appendix 15). This makes the totality
harder to deliver for the employees, and hence retrieve for competing
companies. This refers to the human-centered measures identified by Jansen
and Jeschke (2018). One employee mentions that good routines are important
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(appendix 15), which can be connected to the organizational measures (Jansen
& Jeschke 2018). However, a deeper explanation is lacking but is considered
important for the company to investigate as they start to transfer critical analog
information to databases. All measures mentioned by Jansen and Jeschke (2018)
need to be taken into consideration to achieve safe data transfer, but responses
regarding the technological measure are lacking. Due to the responses’
insufficiency, a conclusion that voestalpine Precision Strip AB is currently
lacking competency to implement digitalization in a safe way can be drawn. The
IT security competency is considered crucial to achieve, either through
education or hiring someone possessing the right competency. Bouée and
Schaible (2015) claims that it is crucial for an implementation project to evaluate
what products, processes, and infrastructures are endangered by cyber-attacks.
They also suggest finding what future scenarios the company possess secure
options today and how the cyber security needs to be evolved. Hence, all these
aspects will be included in the proposal. However, they fail to mention the
specifics about what competency is necessary and when it needs to be procured.
The competency should reasonably be procured before decisions are about to
be made regarding cyber safety, advantageously in the extended pre-step in the
proposal.
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6.

Proposal: The digital transformation model for a
company with a process layout

The following proposal, consisting of step-by-step transformation model, will
constitute as the answer the research question. This proposal is built using
Parviainen et al.’s (2017) transformation model as a foundation, extended with
the transformation model from Bouée and Schaible (2015) and the findings
from previous research and interviews with employees from a process layout
company. The transformation model is explained this chapter, and shown in
appendix 16.
Step 1. Obtain relevant competency
The company needs to make sure that the following competency possess are
illustrated in the following list:
•
•

Knowledge about the three viewpoints of digital transformation: internal
efficiency, external opportunities, and disruptive change. Including knowledge
about opportunities and drivers.
Knowledge about IT security to: control transparency, prevent possible cyberattacks, and find safe technical solutions.

Step 2. Positioning a company in digitalization
This step aims to pinpoint the goals for the digital transformation.
2.1. Define the concept of digitalization. Determine a common definition that
is to be used when analyzing digitalization.
2.2. Analyze the digitalization impacts by identifying and analyzing current and
upcoming trends in the field of digitalization and their relevance to the
company’s business domain. Continue to analyze how far the business
domain already is in adopting these trends. A SWOT analysis can be used
to categorize the trends. Identified examples of trends related to each area
in the SWOT analysis are shown in table 4.
Table 4. Illustrates a SWOT-analysis with examples of trends regarding each area.
Strengths
- Facilitating development of new
business models
- Allow new ways of capture, create, and
deliver value by creation of new
business models

Weaknesses
-

Increased resistance from employees
Increased in-work poverty
Employees feeling excluded from labor
Lack of demand
Increased unwillingness of adapting to
new system
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- Enable a stronger client orientation by
enhance the relationship between firms
and their clients
- Ability to anticipate when to address
problems
- Increased energy and resource
efficiency
- Increased collaboration efficiency
Opportunities
- Increased process transparency, which
can lead to eased managerial decisionmaking
- Increased ability to collect production
and quality data from AIDC-methods
- Improved ability to analyze and draw
conclusions from data
- Increased insights on how to handle a
complex process
- Improved overview of the interactions
between different parameters of the
factory
- Enabling a real-time view of the current
situation
- Improving the efficiency and quality
- Increased control of performance, risks,
costs, and production time
- Improved delivery precision: decreased
coefficient of variation, and reliable
lead time
- Increased ability to identify bottlenecks
- Increased ability to plan upcoming
operations
- Increased ability to perform predictive
maintenance

- Lacking maturity for digital
transformation

Threats
-

Increased workload
Work moved from one place to another
Creation of inaccurate data
Power outages that can contribute to
loss of data and may result in a
production stop
- Cyber-attacks (e.g. hacker-attacks and
virus-attacks)
- Data ending up at unauthorized
possession
- Losing documents and data

2.3. Identify the company’s drivers towards digitalization. Start by analyzing
the trends’ impact on the company to identify the drivers for the specific
company. Define the importance of the drivers by scaling them. If the
company risks being obsolete without changes, the actions to avoid these
scenarios needs to be radical.
2.4. Analyze future scenarios based on the most important drivers. This is
done to create an understanding of the potential impact of the
digitalization regarding internal efficiency, external opportunities, and
disruptive change. The following should be analyzed:
•
•

The cost of implementing the scenario
Benefits of implementing the scenario
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•
•

Risks of implementing the scenario
Risks of not implementing the scenario

Out of these, the best scenarios are chosen.
Involve the following phenomenon, since they are to be expected to
influence the implementation:
•
•
•

Change in competency
Parallel work for the employees of the company
Learning curve for employees

2.5. Define the goals of the digitalization by analyzing the future scenarios. The
scenarios’ feasibility for the company should be taken into consideration.
After defining the goals, formulate these into business related indicators
where the improvements can be evaluated against the starting point. From
this, further improvements can be transferred. Digital transformation is a
continuous adaptation to meet the business environments’ changing
demands.
Step 3. Review of the current state
This step aims to analyze the company’s current situation from the perspective
of the defined goals.
3.1. Identify areas or issues that relates to the defined goals. The areas or issues
that are most likely to be related to the different goals can be seen in table
5.
Table 5. Areas or issues that are most likely to be related to respective viewpoint of
the goal.
Internal efficiency

External opportunities

Disruptive change

Related processes,
resources, and tools

Competitors, customers,
processes, and external
resources

The whole company

3.2. Analyze the impacted areas, how their situation is in regard to the goal.
Depending on viewpoint the goal relates to, different questions need to
be considered. Example on questions that needs to be considered are
listed in table 6.
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Table 6. Questions a company needs to consider, depending on what area the goal
relates to.
Internal efficiency
- How is the issue currently
handled, and what is the
stakeholders’ opinion
about it?
- How far has the company
come in the technology
development, in
addressing this issue?
- What bottlenecks are
affecting the current
practice?
- What bottlenecks are
currently limiting the
practice?
- What competencies (e.g.
technical solutions and
functionality) that can
help reach the goal are
already accessible within
the company?
- What restrictions relating
to the issue needs to be
settled for a change to
take place?
- Where is the digital
business strategy
organizationally
anchored? (If a digital
business strategy does
not exist, create a digital
business strategy and
determine where it
should be anchored
organizationally)

External opportunities
- What are the contemporary
company offerings?
- What are the current
customer segments and
who are the current
customers?
- What advantages relates to
the company’s offerings
compared to the
competitor’s offerings?
- What market participants
are affected (e.g. products,
suppliers, competitors,
customers, and regions)?
- What are the potential new
customer segments and
who are the potential new
customers?
- What is the current state in
the new segment (e.g.,
competitors offering)?
- What would be the
competitive advantage of
the company in the new
service or segment?
- At what point does the
value chain change?
- How much would
implement the new
offering cost?
- What involved risks are
there?
- What is the impact on the
current business and
offering of the company?
- What window of
opportunity is available?
- Where is the digital
business strategy
organizationally anchored?
(If a digital business
strategy does not exist,
create a digital business
strategy and determine
where it should be
anchored organizationally)

Disruptive change
- Which contemporary
company offerings are
influenced?
- How large is the
influence on each of
the offering (e.g.
offering turning
obsolete, customers of
the current offering
searching for new
opportunities in other
segments, etc.)?
- Which processes will
be involved in the
change?
- What current
competencies and
resources is available?
- Where can the current
competencies
eventually be used?
- What timeframe of
the change is there?
- What market
participants are
affected (e.g.
products, suppliers,
competitors,
customers, and
regions)?
- At what point does the
value chain change?
- Where is the digital
business strategy
organizationally
anchored? (If a digital
business strategy does
not exist, create a
digital business
strategy and
determine where it
should be anchored
organizationally)
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3.3. The analyzed impacted areas are to be compared and evaluated with
previous projects to find what worked or not worked in the past.
Companies in this stage are encouraged to search outside the individual
company boundaries.
Step 4. Roadmap for digitalization
In this step, a detailed plan that will guide the company towards a goal is settled.
4.1. This step seeks to determine the gap between the current state and the
goal to digitalization in detail from different viewpoints, table 7.
Table 7. How to find the gap between goal and current state from different
viewpoints.
Internal efficiency

External opportunities

Disruptive change

Analyze the current state
of the technology and
processes against the
goals to identify desired
changes.

Develop an offering for
the customer segment.

Analyze and create a
definition of the work
needed to develop an
offering for the
customer or segment.
This involves the
development work,
competencies, and
changes of current
offerings.

4.2. Define actions to close the defined gap. The actions that can be taken are
listed in table 8.
Table 8. Actions to take in order to close the gap between goal and current position
from different viewpoints.
Internal efficiency

External opportunities

Disruptive change

Optimizing or re-defining the
processes by using new
technology, such as IT-tools.
Not only digitizing current
way of working, but to define
functionalities to optimize
digital opportunities. To
improving business, consider
which processes would have
the highest potential to
benefit from digitalization and
the criticality of the
processes. To better meet
new business targets, Key

Analyzing new,
potential markets,
defining and
developing new offers,
acquiring new
competencies, and
rearranging internal
resources. Search for
future market
participants to
cooperate with.

Analyzing new,
potential markets,
defining and
developing new offers,
acquiring new
competencies, and
rearranging internal
resources. Search for
future market
participants to
cooperate with.
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Performance Indicators
should be re-evaluated and
updated.
Educate the employees about
the concept of digitalization,
possible benefits, drawbacks,
and how they are expected to
be affected. Give the
employees the opportunity to
give their viewpoints and
inputs, so the goals are
determined in a way that it
will benefit all hierarchical
levels of the company. Use
feedback from employees to
create user friendly systems.

4.3. Analyze the feasibility of the identified actions and prioritize them to
determine what actions to carry through first.
As a first step of analyzing the actions, the following bullet points should
be analyzed in the feasibility analysis.
•
•
•
•
•
•

Cost-benefit analysis (e.g. technology needed for digitalization, training
and support for staff involved in digitization work, maintaining the digital
data, and costs related to changing the way of working)
Impact analysis on existing practices
Offerings and resources
Risk analysis
Analysis of constraints
Trials and prototypes of potential solutions

The actions that fulfills most of the following criteria should be prioritized.
•
•
•
•
•
•

The actions that align with stakeholders’ opinions
The actions that align most with the company’s ability to change
The actions that would create the largest benefit out the digitalization
project
The actions that would cause the least interference with the current
processes
The actions that takes the least amount of time to complete
The actions that relates to the areas where most time is spent on
unnecessary tasks

4.4. Create a roadmap with the prioritized actions. Their order, importance
and who is responsible should be specified.
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Step 5. Implementation with technical support
Implement and validate the actions defined in the roadmap.
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7.

Conclusion

The purpose of this thesis was to present a step-by-step transformation model
for a manufacturing company with a process layout. The research gap found in
the literature review was that current transformation models for digitalization
was too general and lacked practical appliance. This study extends the already
proposed transformation model by Parviainen et al. (2017), since this
transformation model was the most extensive and detailed. To do this, the
collection of data constituted of a pilot study, a literature review, and semistructured interviews on a selected company. The findings from these data
collection methods were analyzed jointly to fill the identified research gap. This
study has brought the implementation plan closer to practice for a company
with a process layout, by extending it in the following way.
An overall definition about the concept of digitalization is currently missing, but
is considered important to be able to analyze digitalization. The proposal will
extend the model with an additional sub step where a definition is to be
determined by the company. The interviewees perceptions of digitalization were
linked to internal efficiency rather than external opportunities and disruptive
change. Their perception of digitalization was also closer related to having a
digitized factory rather than a digitalized. Relevant competencies are therefore
considered important for the company to acknowledge before planning a
transformation. Discovered competencies are linked to three areas:
digitalization (e.g. knowledge about internal efficiency, external opportunities,
and disruptive changes), IT security (e.g. determine level of transparency, level
of integration of systems, authorities, and information management), and
technical solutions (e.g. functionality). The competencies of digitalization and
IT-security was included as a pre-step, and the competency of technical
solutions was given as an example in an already existing step.
It was discovered that a company is to expect a learning curve, change in
competency, and parallel work for employees during a digital transformation
and implementation. These phenomena are therefore included in the risk
analyzes for future scenarios in the model. Furthermore, a list of how to
prioritize the actions to reach digitalization has been identified, where the action
that fulfill most of the bullet points should be prioritized. The SWOT analysis
was extended with examples of trends identified by previous research and
interviewees. A digital transformation is important for a company like
voestalpine Precision Strip AB to survive on the market in the long term.

55

Through the literature review, it was discovered that finding affected market
participants and finding a point in which the value chain changes are aspects
that would give more insights when analyzing the impacted areas. These are
related to external opportunities and disruptive change. An additional sub step
has been added in the model where impacted areas are to be analyzed and
compared with previous projects for continuous improvements in order to gain
knowledge from others’ experience. It has also been suggested that a company
will benefit from finding other companies to cooperate with, which will
consequently be added to fill the gap between current state and goals relating
external opportunities and disruptive change.
An inclusion of the employees is identified as an important action to close the
gap between current state and an internal efficiency-related goal, involving
education and possibilities for feedback and viewpoint sharing. A company has
to understand that employees may be exposed to information overload when
introducing information-intense process, and are therefore recommended to
hold technical competency and perform educational workshops with employees
to create user friendly systems.
For a company with limited experience in digital technology, a digital
transformation can be overwhelming and hard to apply into the business. This
additional information improves Parviainen et al.’s (2017) transformation model
by making it more detailed and practical for a process layout company to apply.
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8.

Managerial implications / Final reflection

Digitalization opens up the opportunity to create new value propositions and
revenues for a company, and companies are therefore recommended to seize
this opportunity to digitally transform their business model. The proposed
digital transformation model in this thesis should be followed iteratively
throughout the five steps.
During this study, a lack of demand has been detected within the market for
voestalpine Precision Strip AB. Through the analysis, the lacking demand was
assumed to be caused from the niched business of high precision steel
processing. This issue could be investigated further, for example by conducting
a case study on a company that is operating on a market with higher competition
to find possible additional findings, and nonetheless to find how the niche
market affected the findings of this study.
Digitalization is to increase competitiveness and benefit the internal processes
of a company by improving decision making and responsiveness by enabling
horizontal and vertical integration of systems throughout the organization and
the supply chain. A vertical integration of top management and operators is
further believed to benefit the company by simplify the transformation of work
routines and creation of common visions and goals. Still there is not enough
information to conclude where to interpose these findings in the extended
proposal, and further studies on this subject would provide insight on when and
how these integrations should be performed. Moreover, further studies can be
conducted to find how integrations should be designed to avoid employees of
being exposed to information overload.
When information is digitally connected, limited transparency within the
company was found to be important. A decision of whom is entitled to certain
information needs to be further investigated to ensure that every employee gets
access to the necessary information without having access to a totality of
information that can harm the company if released.
Even though this study brings Parviainen et al.’s (2017) model closer to practice,
the proposed modifications have not yet been tested. A case study should be
conducted to test its potential on a similar company and improve the model
further.
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8.1.

Limitations

Except the limitations already mentioned previously in the report, four more
limitations have been detected. One limitation is that the transformation model
only has been produced theoretically, and its feasibility has not been tested. This
leads to uncertainties regarding whether the proposed transformation is
absolute and practically feasible, or if further research is required. Furthermore,
the fact that the data was collected from one case only might have affected the
study’s transferability, due to the risk that the data collected could be very case
specific.
Additionally, qualitative data collection methods hold limitations in providing
generalizable proof, semi-structured interviews included. The risk of having few
interviewees could be that the sample group is not representative, which gives
incorrect and unreliable results. Regarding the gender distribution on the
interviewees, only 20% were women. Whether it affected the result of the study
or not is hard to draw any conclusions about.
8.2.

Trustworthiness

To determine the trustworthiness of the study, the suggested criteria from
Lincoln and Guba (1985) was selected. The criteria they underline are credibility,
transferability, dependability, and confirmability. To create credibility for the
study, triangulation of multiple data sources was used to produce understanding
about the phenomena. The data was collected through both primary and
secondary data, by methods supported by research. The primary data was
collected through a pilot study and 10 semi-structured interviews on the same
company, and the secondary data through a literature review. To create a high
transferability, interviewees were selected throughout different levels and
departments of the organization. This made it possible to achieve a wide range
of aspects from the selected case, in order to create rich details that led to high
transferability to similar companies. Dependability was achieved by having two
external supervisors reviewing the research question and the problematizing
before the study was conducted, and two external supervisors reviewing the
interview guide and the methodology before the data collection began. The
report has further been opposed twice by multiple opponents. Except the
already mentioned aspects of trustworthiness, confirmability was assured since
the authors had no personal gain from the study and had no relation to the
company except to collect the data.
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Appendix 1. Master plan for digital transformation (Bouée &
Schaible 2015)
1. Analysis of the influence of digital technologies on the industry
•
•
•
•
•

Which different future scenarios are conceivable?
At which points does the value chain change?
Where are new, scalable platforms emerging?
What are the key technologies?
Which market participants are affected like (suppliers, competitors,
customers)?

2. Comparison with current position of the own company
•
•
•
•
•

Where do new opportunities and risks arise for our business?
Which of our products, customers and regions are affected?
Which (digital) skills can we use (staff, partnerships)?
Where is the digital business strategy anchored organizationally?
Which products, processes, and infrastructures are endangered by cyberattacks?

3. Development of an implementation map
•
•
•
•
•
•

For which future scenarios do we have to secure options today?
What skills do we have to build up (data processing, automation, networking,
customer interface)?
Which market participants should we join together with (strategic
partnerships, "coopetition")?
Which platforms / standardization processes do we have to actively shape?
In which places should we exert political influence?
How do we need to evolve our cyber security?
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Appendix 2. Digital transformation model by Parviainen et al.
(2017)
Step 1. Positioning a company in digitalization
This step aims to pinpoint the goals for the digital transformation.
1.1. Analyze the digitalization impacts by identifying and analyzing current and
upcoming trends in the field of digitalization and their relevance to the
company’s business domain. Continue to analyze how far the business
domain already is in adopting these trends. A SWOT analysis can be used
to categorize the trends.
1.2. Identify the company’s drivers towards digitalization. Start by analyzing
the trends’ impact on the company to identify the drivers for the specific
company. Define the importance of the drivers, by scaling them. If the
company risks being obsolete without changes, the actions to avoid these
scenarios needs to be radical.
1.3. Analyze future scenarios based on the most important drivers. This is
done to create an understanding of the potential impact of the
digitalization regarding internal efficiency, external opportunities, and
disruptive change. The following should be analyzed:
•
•
•
•

The cost of implementing the scenario
Benefits of implementing the scenario
Risks of implementing the scenario
Risks of not implementing the scenario

Out of these, the best scenarios are chosen.
1.4. Define the goals of the digitalization by analyzing the future scenarios. The
scenarios’ feasibility for the company should be taken into consideration.
After defining the goals, formulate these into business related indicators
where the improvements can be evaluated against the starting point. From
this, further improvements can be transferred. Digital transformation is a
continuous adaptation to meet the business environments’ changing
demands.
Step 2. Review of the current state
This step aims to analyze the company’s current situation from the perspective
of the defined goals.
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2.1. Identify areas or issues that relates to the defined goals. The areas or issues
that are most likely to be related to the different goals can be seen in table
9.
Table 9. Areas or issues that are most likely to be related to respective viewpoint of
the goal.
Internal efficiency

External opportunities

Disruptive change

Related processes,
resources, and tools

Competitors, customers,
processes, and external
resources

The whole company

2.2. Analyze the impacted areas, how their situation is in regard to the goal.
Depending on viewpoint the goal relates to, different questions need to
be considered. Example on questions that needs to be considered are
listed in table 10.
Table 10. Questions a company needs to consider, depending on what area the goal
relates to (Parviainen et al. 2017, p.73).
Internal efficiency

External opportunities

Disruptive change

- How is the issue handled
now, and what is the
stakeholders’ opinion of
the current situation?
- How far in the technology
development has the
company currently come,
in addressing this issue.
- What bottlenecks are
affecting the current
practice?
- What competencies are
already accessible within
the company that can help
reach the goal?
- What restrictions that
relates to the issue needs
to be settled for change to
emerge?

- What are the current company
offerings?
- Who are the current customers
and what are the current
customer segments?
- What is the competitive
advantage of the current offering
compared to competitor
offerings?
- What are the potential new
customer segments and who are
the potential new customers?
- What is the current state (e.g.,
competitors offering) in the new
segment?
- What would be the competitive
advantage of the company in the
new service or segment?
- What is the cost of implementing
the new offering?
- What risks are involved?
- What is the impact on the
company’s current offering and
business?
- What is the window of

- Which current
company offerings
are impacted?
- How dramatic is the
impact on each
offering (offering
becoming totally
obsolete, current
customers of the
offering leaving to
find opportunities in
other segments,
etc.)?
- Which processes
are involved with the
change?
- What competencies
and resources does
the company have?
- Where can these
competencies be
utilized in the
future?
- What is the
timeframe of the
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opportunity?

change?

Step 3. Roadmap for digitalization
In this step, a detailed plan that will guide the company towards a goal is settled.
3.1. This step seeks to determine the gap between the current state and the
goal to digitalization in detail from different viewpoints, table 11.
Table 11. How to find the gap between goal and current state from different
viewpoints.
Internal efficiency

External opportunities

Disruptive change

Analyze the current state of
the technology and
processes against the goals
to identify desired changes.

This definition of the gap
should involve the work
needed to develop a
offering for the customer
segment.

Analyze and create a
definition of the work
needed to develop an
offering for the customer or
segment. This involves the
development work,
competencies, and changes
of current offerings.

3.2. Define actions to close the defined gap. The actions that can be taken are
listed in table 12.
Table 12. Actions to take in order to close the gap between goal and current position
from different viewpoints.
Internal efficiency

External opportunities

Disruptive change

Optimizing or re-defining the
processes by using new
technology, such as IT-tools.
Not only digitizing current
way of working, but to
define functionalities to
optimize digital
opportunities. To improving
business, consider which
processes would have the
highest potential to benefit
from digitalization and the
criticality of the processes.
To better meet new business
targets, Key Performance
Indicators should be reevaluated and updated.

May involve analyzing
new, potential markets,
defining and developing
new offers, acquiring
new competencies, and
rearranging internal
resources.

May involve analyzing new,
potential markets, defining
and developing new offers,
acquiring new
competencies, and
rearranging internal
resources.
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3.3. Analyze and prioritize the feasibility of the identified actions.
As a first step of analyzing the actions, the following bullet points should
be analyzed in the feasibility analysis:
•
•
•
•
•
•

Cost-benefit analysis (e.g. technology needed for digitalization, training
and support for staff involved in digitization work, maintaining the digital
data, and costs related to changing the way of working)
Impact analysis on existing practices
Offerings and resources
Risk analysis
Analysis of constraints
Trials and prototypes of potential solutions

The actions that fulfills most of the following criteria should be prioritized.
•
•

The actions that align with stakeholders’ opinions
The actions that align most with the company’s ability to change

3.4. Create a roadmap with the prioritized actions. Their order, importance
and who is responsible should be specified.
Step 4. Implementation with technical support
Implement and validate the actions specified in the roadmap. For example,
through proof-of-concept and prototypes.
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Appendix 3. Questions form - Operators
Questions were asked to the operators to understand the production and
information flow.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Where do you pick up the work card?
How do you know that you can pick up the work card?
How do you prioritize the work cards?
How do you inform the forklift driver to come get the product?
What parts of the work card are relevant for the operation that you are working
with?
Is there any information on the work card that you are using that is not related to
the operation that you are working with?
Is something documented on the computer?
Is the information sent anywhere?
Are new work cards printed?
Are there any work cards or papers that are discarded?
Where do you leave the work cards after you are finished?
How long time does it take before the forklift driver retrieves the work card?
Is the process the same for each product?
What do you do when you detect a problem?
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Appendix 4. Question form - Forklift drivers
Questions were asked to the forklift driver that drove between operation X and
operation Y.
•
•
•
•
•
•
•
•
•
•

If the products are going to be stored between operation two operations, is it
possible to store the work cards anywhere?
If the product is going to operation Y, where do you put the work card?
Is the work card ever stored between process X and Y, and in that case, where?
From where do you get the product that has just been in operation X?
Where do you leave the product that is going to operation Y?
Is the product stored between operation X and Y?
How does the operators in operation X communicate that they want you to
come pick up a product?
How does the operators in operation Y communicate that they want you to
deliver a product?
If you have several work cards, how do you prioritize in what order to deal with
them?
In average, how long time does it take from the moment that you discover a
work card task until it is performed?
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Appendix 5. Equations
Description

Variable

Unit

Distance walked with information

𝑙;

km/product

Distance driven with information

𝑙'

km/product

Distance driven with product

𝑙<

km/product

Average products produced

𝑝

products/months

Forklift investment cost

𝑖

SEK/forklift

Forklift depreciation time

𝑡

years/forklift

Forklift service, repair, and insurance cost

𝑦

SEK/year

Number of days worked

𝑑

days/year

Number of months worked

𝑚

months/year

Number of worked hours

ℎ

hours/day

Low-income employee cost

𝑠C

SEK/month

High-income employee cost

𝑠D

SEK/month

Walking speed

𝑣;

km/h

Forklift speed

𝑣E

km/h

Forklift usage

𝑥

hours/day

For walking with the information, the formulas regarding the cost per unit
distance 𝑐;' and the amount of times information are carried this way each
month 𝑓;' is shown if formula 4 and 5.
𝑐;' =

FGH
DIJK

𝑓;' = 𝑝 ∗ 𝑙;

(4)
(5)

For driving forklift with the information, the formulas regarding the cost per
unit distance 𝑐E' and the amount of times information are carried this way each
month 𝑓E' is shown if formula 6 and 7.
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𝑐E' =

FGM

7

+

DIJN

'

3IJN P

(6)

+𝑦

(7)

𝑓E' = 𝑝 ∗ 𝑙'

For driving forklift with the product, the formulas regarding the cost per unit
distance 𝑐E< and the amount of times information are carried this way each
month 𝑓E< is shown if formula 8 and 9.

𝑐E< =

FGM
DIJN

+

7

'

3IJN P

+𝑦

(8)

𝑓E< = 𝑝 ∗ 𝑙<

(9)

Hence, the total flow cost 𝑇𝑂𝐶 can be calculated using formula 1. Adding
formula 3 to 8 into formula 1 will give formula 10:

𝑇𝑂𝐶 =

<

F GM CQ RCS

I

D

+

JN

G H CK
JK

+

CQ RCS

'

3JN

P

+𝑦

(10)

The cost of only transporting the products, while getting the information
digitally 𝑇𝑂𝐶< , can be measured according to formula 11:

𝑇𝑂𝐶< =

<CS

FGM

IJN

D

+

7

'

3 P

+𝑦

(11)

Subtracting formula 11 from formula 10 gives 𝑇𝑂𝐶G as the total cost saving when
removing all analog information handling, and it can be seen in formula 12.
𝑇𝑂𝐶G =

<

F G H CK

I

D
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+
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+
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'

3JN P

+𝑦

(12)
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Appendix 6. Interview guide
Introduction questions:
•
•
•
•
•
•

What is your name?
How old are you?
What are you working with?
What department do you belong to?
Why did you started to work here?
What did you do before you started to work here?

Definition for digitalization, digitalization in general, and approach:
•
•
•

Are you familiar with the concept of digitalization?
How would you define it?
What does digitalization mean for voestalpine Precision Strip AB?

Hinders, enablers, challenges and driving forces connected to
digitalization:
•
•
•
•
•
•
•
•
•

What practical opportunities do you think digitalization are holding?
What practical challenges and limitations do you think digitalization are holding?
What risks do you see with being digitized?
How does the handling of information work for your department today?
How could the handling of information be improved?
Is there any additional information you would benefit from having access to?
How could an exchange of that information work? PROMPT?
What goal/goals for digitalization have you sensed that voestalpine Precision
Strip AB has?
What goal/goals for digitalization have you sensed that voestalpine AG has?

The business perspective:
•
•
•
•

How could digitalization positively change your way of working?
How could digitalization negatively change your way of working?
What/which department/departments within the company do you think should
be involved in digitalization?
What/which department/departments within the company do you consider
would benefit the most from digitalization?

The current state - a practical perspective:
•
•

How long has voestalpine Precision Strip AB has come within digitalization
today?
What projects have voestalpine Precision Strip AB adopted to continue the
digital transformation?

The implementation:
•
•

What challenges and limitations do you see when implementing digitalization?
What risks do you see when implementing digitalization?
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•
•
•

What can easily be missed when implementing digitalization?
Is there anyone/any department within the company that is responsible for the
digitalization today?
Whom/what department do you think would be the most appropriate for the
responsibility for a digital transformation?

Market analysis:
•
•
•
•
•
•
•

What are your competitors doing within the field of digitalization?
In what way will their action affect voestalpine Precision Strip AB?
Who/which operators in the value chain do you think would benefit the most
from digitalization, and why?
How do you collaborate with the other operators in the value chain within this
fields?
How could future collaborations optimally look like?
What happens if you continue like you do today?
What would happen if you would not implement digitalization?

Closing question:
•
•
•

If you would give any advice to voestalpine Precision Strip AB regarding
digitalization regarding digitalization, what main improvements would you
recommend?
What would you recommend to companies that have not yet started their
digitalization journey?
Finally, do you wish to add anything?
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Appendix 7. Hierarchy of voestalpine Precision Strip AB in
Munkfors
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Appendix 8. Participants of interviews
#

Name

Gender

Age

Occupation

Department

1

Robin

Male

29

Scheduler

Production

2

Klas

Male

36

Purchasing Manager

Purchasing

3

Mikael

Male

54

QES Manager

Quality, Environment, Safety
and Security

4

Rasmus

Male

26

Master Planner

Logistic

5

Göran

Male

51

CEO

Management

6

Alexander

Male

32

R&D Lab Manager

R&D

7

Johan

Male

46

IT Manager

IT

8

Helen

Female

41

Logistic Manager

Logistic

9

Sofie

Female

28

Mechanical Engineer

Maintenance

10

Fredrik

Male

37

Manager

Project Management Office
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Appendix 9. Coding categories
•

•

•

•

•
•
•

•

•

•

Digitalization
• Definition
• Preconditions
• Recommendations
• Against digitalization
• Time horizon
• voestalpine Precision Strip AB
Company
• Responsibility
• Involved departments and functions
• Group
• ERP system SAP
Goal
• Department
• Company goals
•
Company’s way of communicating
• Group goals
•
Group’s way of communicating
Opportunities and benefits
• Suggestions of improvement
•
Simplify work
• Vision of the future
Risks
• Solutions to risks
Challenges and limitations
• Solutions to challenges and limitations
Work procedure
• Information management
• Digital today
• Manually today
Current state
• Completed projects
• Pending projects
• Upcoming projects
Outside world analysis
• Continuing as today
• Competition
• If not digitalize
• Value chain
Own perception
• Observation
• Absence
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•

• Problem
• Optimistic
• Not sure
• Clueless
• Skeptical
• Difficult to answer
Other
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Appendix 10. Digitalization

Theme

Digitalization
Relates to theory

Quotes

Definition of digitalization

"Transition from analog input and monitoring to continuous
digital online monitoring of systems and routines [...] that you
ensure that the information is available on the computer for
analysis and better overview and more jointly sharing." Alexander

“the adoption or increase in
use of digital or computer
technology by an
organization, industry,
country, etc.” (Brennen &
Kreiss 2014)

"Well, it is that you will try to use digital systems where it is
possible. [...] that you combine different parameters to get an
overview of how they interact with each other." - Sofie
"System support, that we can get assistance in decision making
using digital tools. We are moving away from paper handling
step by step [...]"- Fredrik
"[...] digitization can implicate pure automation, perform
elements more digitalized by using machines than we do
today." - Göran
"I see digitalization in a way of taking manual systems and
turning them into digital versions where everything is
automatically taken care of." - Klas

Importance of digitalization

"Digital documents that are easily accessible for everyone." Mikael
It is important for a
company to keep on
developing in order to stay
competitive on the
market. A company needs
to keep on developing, for
example by moving from
competition intense
markets to the so-called
blue oceans. This opens up
the possibility to an
increased growth and
profit (Kim & Mauborgne
2005).
The majority of all
manufacturing companies
agrees that ignoring
digitalization will lead to
weakened position on the
market, and see it as a
necessity for growth in the

“I believe that digitalization is a journey that will never stop. If
you chose not to be part of that journey, then you will no longer
be one of the competitive companies on the market.” - Göran
"To constantly evolve. And it is more about being responsive to
customers' and other interested parties' requirements and
demands that governs the development." - Mikael
"There is no turning back. Read, understand, what does it
mean. But, I also think it is important to see it from an
individual perspective based on where you are in the
development." - Göran
“Our days will be counted starting from the day that we decide
to settle down.” - Johan
“Eventually, I think the competitors will pass us if we decide not
to digitalize. I can really see the benefit that comes with
improved supervision of the production, compared to how we
do it today, nonetheless the quality improvements of the
machines. If you have a more efficient system that contributes
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mid- and long-term
(Bechtold & Lauenstein
2014).

to a more stable production with less down-time and such, of
course you can reach a lower production cost than we have
today.” - Sofie
“Well, if we keep on doing like we do today, not doing
anything, then we will not move forward. We have to keep on
developing. And it is important to be responsive what
customers’ and other interested parties’ demands and needs
are, that will guide the development.” - Mikael

Recommendations

An evaluation of previous
projects is a useful method,
since it will give knowledge
of what is working or not
(Stoffels & Ziemer 2017)
The companies would
benefit from making
investments from a
strategic process area (De
Carolis et al. 2017)
A company should start
with the actions that
constitutes in the greatest
benefit can be taken for
the company (Bechtold &
Lauenstein 2014)

"A general advice I usually think about is that you do not
reinvent the wheel again, so if there already exists a system learn from those who have made mistakes, and that is why I try
to contact other companies within the Group before we do
something, to see if there are any existing systems, so that you
don't make the same mistakes as they have done." - Klas
"They should firstly investigate in what areas they can make
the most profit out of digitalization, and what areas that
interfere with the current process the least. [...] So it would be
better to start in a smaller area where you can see the benefits
quite fast, but still does not interfere with the current process
too much." - Alexander
"I would probably look at what would contribute the most.
What could with relatively small effort result in a fairly large
exchange. Probably it would be about planning and planning
systems. [...] How much work it is to finish the transformation.
[...] Well, man-hours for example. How many hours we need to
spend on this project to carry it through. And of course, you
must consider education, information, and those parts. How
many are to be involved, and how long must they stay involved
for it to work." - Fredrik
"Well, it is really to investigate what 'unnecessary tasks' we are
spending most time on, and there is where you should start. [...]
Because that is where the greatest time saving is at." - Klas
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Appendix 11. Opportunities

Theme

Opportunities related to digitalization
Relates to theory

Complex process development

The handling of complex processes
has improved with recent
technological developments of
communication technologies and
IT. The applications of new
technologies are believed to
benefit the complex production
process of steel by optimizing the
production chain and the business
processes (Herzog et al. 2017)
The horizontal integration refers
to the integration of systems that
involves the internal processes of
the production chain in the factory
and the external processes of the
suppliers and the customers
(Herzog et al. 2017)

Information management

Digitalization will improve the
efficiency and quality of the
processes. It will also open up the
possibility for a real-time view of
the current situation in the factory
(Parviainen et al. 2017)

Quotes

"Well, if you look from the machine perspective, you
can capture data in another way nowadays, at least
in newer equipment versus how it was done before,
and it allows you to analyze and draw conclusions in
a different way than what used to be entrusted to an
operator's experience. I think this is because it
previously was the individual operator's experience
and knowledge that governed. With a lot of data,
you can analyze and draw conclusions, it will be
safer decisions when making changes in the process,
or maybe new investments or other adjustments to
make the process even better." - Johan
"Well, that you try to use digital systems for where it
is possible. [...] that you combine different
parameters to get an overview of how they interact
with each other." - Sofie
"[…] some product manager might want you to be
able to monitor through phone in some way, and
somehow see the current status in the factory." Rasmus
"If we get better control of how the material moves
in our factory, then we might be able to get an
improved delivery precision. We would know more
precisely when the material actually arrives at the
next process step. [...] We can track the changes we
make and see what quality improvements it leads to.
[...] It would reduce rework, it would increase our
capacity." - Fredrik

"When you need to search for something, it is clear
that it may take more time to physically start looking
Through a good connectivity, the where the right binder is. If you have digital archives
information will be available more with search functions, it is obvious that you will get
easily which has the benefit that the information faster. And if you have backups and
functions that previously were
everything, then it is supposed to be safe, all
isolated becomes accessible and information will be there." - Helen
more integrated. This is of great
"The way I see it, time-saving is what is really
importance for decision making
functions, and it will open up the important and that you get the right information
opportunity to a more optimized easily. But it is faster to search on a computer than
and controlled production process to look a binder and browse the information you
need, so I am leading a lot of these changes in my
(Isaksson et al. 2017)
department right now, for us to get systems that are
digital, so it is fast to get information. We are not

81

supposed to sit and write an email manually, it
should automatically be sent from the system, that is
one thing we want and are working for right now." Klas

"Digital interaction with customers and suppliers,
EDI communication, e-invoices, automatic transfer of
analytical values and other tests." - Johan
"The possibilities are that we can get easy access to
information. We will keep all quality documents in a
document management program that is available to
everyone at the company, from official to the
workshop." - Mikael
"When you talk, you always deliver the message
right. Through a computer, you may miss small
details. And also, the operators may find it easier to
talk than just getting a message on a screen. So that
could be negative." - Robin

Computers permits instantaneous
communication throughout the
organization, resulting in a flatter
structure when making decisions,
altering the traditional way of
passing the decisions from the top
management (Howard Isenberg
1995, as cited in McConnell 1996)
The vertical integration refers to
the integration of systems across
hierarchical automatization,
organization and technical barriers
with reason to replace it with a
decentralized and flat structure
(Herzog et al. 2017)

Virtual management improves
communication facilities across a
company’s different functions, and
virtual management along with
digitalization is believed to enable
a company to share and filter
information (Fast-Berglund et al.
2016)

"[...] let's say we have 6 steps from the CEO to the
operator in the workshop, and let's say we have
excellent communicators at every stage, everyone is
very good at communicating, so 90% of the message
is delivered correctly. Then it is still only about half
that reaches the operator. And so if I have people
who are communicating normally, so half is
delivered correctly, then it is about 2% that reaches
the operator. So I think there are plenty things to do
in that area." - Fredrik
“Well, for example, every year, the company applies
for money for investments. We are usually involved
pretty late in some of those investment projects,
which I think is unfortunate since the project involves
us and affect our work situation. So I think the
communication could be improved [...] To enable us
on give our opinions.” - Sofie
"There has been a lot of times where we think we are
informing in a good way, or that we have a
communication. But when we later talk to the
individual operator who drives a machine,
somewhere, the information is reduced, and in many
cases even disappears. What we need is to ensure
how we reach out with all the information." - Göran
"It is much easier to reach out with more information
by just setting up screens in every workstation. [...]
Screens and info overall, so it gets easier to handle. It
is an insane amount of paper management, so it
would be much more efficient if it disappeared." Robin
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Control of production

"But you will, for example, get better control and a
better interaction between the different products.
Now they might already have this at the logistics
department, but if not, I guess it would be easier for
them if they had a digital tool." - Sofie
“The possibility for improvement of the products and
the processes increases when you have all the
information about the product or production
By implementing digitizing to
collected at one place. You can see the problems, or
information-intense processes,
you can see the normal case and so on, continuously,
turnaround times can be
and when something differ from the normal case,
shortened, and costs can be
then you can conclude 'we might have a problem
decreased. The obtained
here, so we have to take action' much earlier than
information from a digitization can
today." - Alexander
allow the company to be
"[...] to ensure that everything around the operation
anticipating when addressing
problems. A greater control of the in need of prevention is being prevented. You can
plan the upcoming operations, you can make sure
process performance, causes of
that everything is served and done, you can also
risk, and cost drivers can also be
achieved (Markovitch & Willmott ensure that it is the right quality for what you deliver
in a completely different way than if we would need
2012)
to do it manually. [...] We will be able to produce
more with the equipment we have which will make
us more profitable, because the machines are doing
the right things and to the right quality. The
operators can concentrate on value creation rather
than just sitting and pushing a button or turning a
steering wheel, when the machine actually can do it
by itself." - Göran
Automatic Identification and Data
Capture (AIDC), where the data is
collected automatically, is an
increasingly used method to
collect data within manufacturing
processes and material handling.
The data is collected by using
codes, machine readers, scanners
and data decoder. The digitalized
AIDC-method is superior to the
analog method, as it reduces the
errors, the time consumption, and
the labor cost (Groover 2015).

"Increased automation of the administrative
processes: advanced production planning, truck
handling systems, vendor invoice management,
increased use of MES in the production for collection
of production and quality data." - Johan

Because of AIDC methods,
predictive maintenance was
implemented and proved to
contribute to a significant
reduction of maintenance cost for
the production of head lamps, due
to Condition-Based-Maintenance
rather than time-based
maintenance (Bousdekis et al.
2017)

"[…] because now there are smart machines that can
predict when something is about to break, so that
you can have preventative maintenance at the right
time, in some way. So that you can repair proactive
and not retroactively [...]" - Rasmus

"Connection of the machines that support this to
automatically collect data on speeds, vibrations, etc.
to find a connection between this and product
quality." - Johan
"I think the necessary tools exists, both scanners,
OCR programs, and so on. I do not think there are
any direct technical barriers." - Mikael

"Digitalization would probably lead to that we could
achieve a more efficient production, I think. Fewer
stops and larger production of material, if it would
work exemplary. But also, you would get a better
overview of when to perform preventive
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maintenance and a tool that can help us predict the
stops and avoid the emergency maintenance we
have today." - Sofie

"One should digitalize to increase productivity, as
well as to reduce machine conditions. Partly because
you will avoid breakdowns, and partly because the
machines are properly supplied." - Rasmus
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Appendix 12. Challenges and limitations

Theme

Challenges and limitations related to digitalization

Relates to theory

Quotes

Competency

"I also believe that a limitation will be in the competency
within companies in what opportunities all of us have. I think
that it will be a need of this competency and that many
A study on manufacturing
companies will fight to get this competency [...]I believe that
companies showed that one
it will be a big shortcoming in the future." - Göran
of the most common
“If you do not have anything like that, then it is hard to see
obstacles for a digital
transformation is the lack of what opportunities that even exists. Since technology is
developing so fast, new platforms and new software will
competency within the
always be released [...]" - Sofie
company to perform
planning and carrying
"[...] that you may not have the capacity, in terms of
through an implementation competency assurance. I still see that as the greatest risk. I,
project (Bechtold &
as a CEO, can as well be a risk, that I do not have enough
Lauenstein 2014; Stoffels & competency or ability to feel that 'This is important for us to
Ziemer 2017)
carry on with'.” - Göran
"Resources in the project management may be required.
Someone who leads the entire implementation, you get
everything from the department managers, production
managers, or whoever it may be, the user himself.”- Helen
"We must also raise the level of knowledge of all users. Our
operators who traditionally, historically have been driving a
machine... all of the sudden, there will be need for another
competency." - Göran
There is a challenge not to
lose the competency of the
machine operators when a
production becomes more
automated and optimized
(Isaksson et al. 2017)

"It is people, machines and technology that needs to work
together. We can carry through the most advanced
digitalization projects, but if we do not have people who can
handle it, we do not have the right skills, then it won't work. If
we later won't have the equipment that can handle this. This
is what must work together." - Göran

Resources

"The restrictions are that many employees of the older
generation who works here are not use to computers." Robin
The largest challenge metal
companies’ experiences
when implementing
digitalization is whether the
economic benefit is
sufficient, followed by the
lack of a digital culture within
the company (Merluzzi &
Brunetti 2017)

"Restrictions in... it may not be for free either. Money,
investment... You may want to reach far, but there are not
enough means, you may not get the funds you wish for." Helen
"Well, that would be the costs... and resources. Clearly, if we
had endless amount of money and endless amount of
competency, we would be able to do this quickly. But we are
currently in a situation where we have to do all improvements
and parallel run the core business further and make sure that
we make good money on it, and that makes it restrictive." Johan
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"[...] I think we must make some effort, that someone in any
way very straight forward shows that this is important for us
[...] so that you really understand that it must have to be a
little expensive too." - Rasmus
“Making changes takes time. And within this organization, if
it regards getting new systems and such, we may suffer a bit
from a shortage of resources. We have many projects to be
done, and not enough workforce that can handle it, that is
the way it is." - Helen
"And the danger with digitalizing, it may be that you are
drawn into this hype and may make investments that will not
provide a clear added value to the core process." - Helen
"Well, it would be the cost of getting the systems, because a
new computer system would not exactly be for free. So I
believe that it is the cost." - Mikael
"One of the biggest challenges is to get everything connected
to a network and to databases and everything. It is a big
challenge. Even getting permission from different instances.
Because there are many, there are reasons to not interweave
these, such as data security and reducing or avoiding the risks
of virus attacks and so on. But there are also financial
obstacles... and philosophical barriers due to the cost of
creating databases, it costs a lot to tie up everything." Alexander
"Another part is that … there are very many old machines and
to connect them, digitally, requires a lot of practical work. It
may not always be easy to, definitely not cheap, in many
cases." - Alexander

Demand

Outside of the organizational
environment, the greatest
barriers is a lack of technical
standardization. A lack of
demand regarding digital
solutions from suppliers and
customers combined with
the perception that the
market is not yet ready for
digitalization is also great
obstacles (Stoffels & Ziemer
2017)

Digital culture

"Well, the limitations consist of having an old machine park,
and that it is associated with high costs. A lot of costs that
sets the limitations for us." - Johan

The second largest
challenges that a metal
company experience is the
lack of a digital culture within
the company. A great

"We are one out of three, four who can do what we do in the
world. [...] But, from there, to not become too comfortable, so
that those who push from behind can take the next step, it is
necessary that we constantly move forward. It is a great
challenge." - Göran
"For an example, we have discussed a lot about scanning and
having all invoices and such here. It has always been some
resistance both from here and from our external auditors who
would like to have this paper and want to see it being signed.
It is not enough to scan it... It depends on how mature you
are both within the company, and also in the case with the
authorities." - Mikael
"A big barrier that we need to overcome is to get people to
use it and make the digital system user friendly." - Fredrik
"[...] if it means changing work methods, very few are willing
to make this change. [...] and when everyone doesn’t agree, it
makes it difficult somehow" - Rasmus

86

amount of metal companies
also experiences difficulties
related to an unclear vision
regarding digital operations
from leadership and top
management (Merluzzi and
Brunetti 2017)

"Well, it is only the operators. To get them to learn something
new, it does not matter what it is, as long as it is about the
factory, it is difficult. Just new routines, it has been like this
for so long, so it is hard to change it. The biggest challenge." Robin
"I believe that there are two different camps [...] In general, i
think that most employees are positive about the
development, while at the same time there is a conservatism
[...] To try to break it.... But, it is a generation issue." - Göran
"And then it is this about getting people engaged, that they
understand the purpose of doing it, so that you do not
introduce something when nobody understands the reason
why it exists. That might cause a resistance. That is a
challenge, absolutely." - Sofie
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Appendix 13. Solution to challenges and limitations

Competency

Theme

Solutions to the challenges and limitations
Relates to theory

-None-

Digital culture

A case study by showed
that digital tools can be
appreciated by the
employees when applying
educational workshops
about the new
phenomena (FastBerglund et al. 2016)

Quotes
“This competency is held by university and college students with
this focus. Being able to help companies to understand what
opportunities that exists.” - Göran
"I believe we have to reach for help from outside the
organization. Someone who can review how we work today and
how we could do it differently or get more tools. [...]" - Sofie
"Lean workshops. In order to open their eyes in some way. Most
of them understood the purpose of it 'oh that is how it works,
okay', but then when we left I heard 'but this will never work for
us', 'it is such a complex production we have', and so on. So, that
was maybe not enough, but at least they are trying a little bit, to
try and get people to understand the purpose with things." Rasmus
"It is important to us in the management to try to communicate
'why is it so important to work with continuous improvements?'
[...] Trying to express ourselves in a way of 'we should not cut 2
people' but rather creating space to get more jobs. [...] But it is
important to be distinct with the information, with what it is that
we actually mean. And also, 'What are the drawbacks if we don't
do this?' But it is like any change process. The human being is in
fact afraid if one does not understand why we do things. And
change is something that puts terror in some but challenges
others." - Göran

Manufacturing
companies agrees that
education and inclusion
of the employees is the
most crucial part for a
successful
implementation (Stoffels
& Ziemer 2017)

"I guess it is the information. And being clear with: where we are
going now, what we want to achieve with this, and why we are
doing this. Because if the individual understands why to do
certain things, it will be easier to start working with new things.
Usually, the best thing is to collect the people in concern, so they
are cooperating from the beginning, and try as good and
pedagogical as possible to explain: 'What is it that we want?',
'What do we want to change?', and 'why?'. But then the personal
contact is really important. So that an opportunity is given for the
concerned to ask questions. Because when we are facing
something new, my questions might not be the same as your
questions." - Helen
"Well, it would be to inform with the benefits [...] And also to get
managers to understand the importance and opportunities
behind analyzing the data." - Rasmus
"[…] but there is a big generational change going on in the
factory. So, it is an optimal time to introduce it now." - Robin
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Appendix 14. Risks

Theme

Risks related to digitalization
Relates to theory

Quotes

Change management

"Well, you may encounter a risk where the people who
are to use it are not mature for it, because they do not
know the benefits with it. If you are uncertain, it may
prevent you from using the system." - Mikael
"Maybe it is better if you have a common system, so that
nobody keeps stuff for themselves on their computer. If
that person quits, nobody knows where the information
The low skilled workers are at risk of
is. But, there is a risk that some people might be opposed
being excluded from the labor market, to this and continue to work in the old-fashioned way
when the workforce in the future can and by that, information gets lost. [...] If you continue to
be exchanged for machines, and an
introduce it to an organization that does not understand
implementation of digitalization is
why, then a lot of people will be opposed to it. Or, if you
likely to increase insecurity and inintroduce a system that does not fit the business." - Sofie
work poverty of both low and high
skilled employees, which will make the "The operators may feel monitored in some way. That
digitalization of work to be perceived every movement they make is followed by us. That their
integrity is in some way hampered and their work ethic
as a threat (Salento 2017)
may decrease in some way." - Rasmus
"Fear, resistance. Many employees can see it as a threat
like 'my employment can disappear', instead of seeing it
as an opportunity that we actually can, by making things
faster, a bit different, with better tools, manufacture
significantly more units per day, hour, year, and make
even more money." - Göran
A case study by showed that digital
tools can be appreciated by the
employees when applying educational
workshops about the new phenomena
(Fast-Berglund et al. 2016)

"If you look at our production, we have so many different
products and different production flows. There are very,
very many combinations, so it may be hard to get
something digitalized that can keep track of all the
products." - Sofie

Increased workload

The learning curve theory states that
the time needed to perform a task
gradually decreases as the task has
"It regards the training, that you will get the company to
been performed more times. The time
understand that there will be a learning period before the
loss itself will gradually decrease over
system gets efficient." - Sofie
time to create a decrement curve,
until it eventually stabilizes as a
straight line (Ungvarsky 2017)
Information overload is caused when
the information supply exceeds the
information-processing capacity of the
employee. They found that this issue
can cause stress, anxiety, and a
decreased decision quality by the
exposed employee (Eppler & Mengis
2004)

"Then there is always a risk that one believes that one
builds a well-functioning system, but that it contributes
to a greater workload somewhere else and you are
moving work tasks from one place to another." – Helen
“If the user-friendliness is not there or if the system is
seen as an obstacle or is difficult to use, then it would
lead to errors in the reporting, resulting in bad data. I
have no use of a summary that does not give a fair
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image. It would lead to more work instead of less.” Fredrik
"[…] that you have not done a sufficient survey of the
company and what type a system that you should have.
And then you introduce a system and it does not fit, and
it will be more work than it facilitates." - Sofie

Technical issues

"My work would get affected if there would be
breakdowns in the technology, which would mess it up.
You cannot get the data into the system because the
system is down or whatever it is. Because that is how it
is, I mean, if there is no power here for one hour, then
everyone would be confused and wonder 'What happens
now?', 'We cannot do our job'." - Helen
"[…] mess with computers and such, which may mean
more work for us. And all of this, that you like 'Okay,
Power outages due to a penetration of
what happened yesterday, I cannot see this when the
power system is a possible risk for
system was down." - Rasmus
digitalized companies (O’Connell 2006)
"A paper will never act up, but a computer will. It may
send the wrong signals which could lead to much more
hassle than a paper could. It could sabotage a whole
flow if the computer system crashes or if it just sends out
errors." - Robin
"In worst case scenario, you lose all the data you need
and you lose all the digital tools, then there is a risk that
the production stops." - Fredrik

Cyber attacks

"[…] all potential risks with computers, computerization,
increasing vulnerability to viruses and hacker attack and
such things." - Alexander

Virus attacks is a great risk, since
different industrial companies
previously have been affected due to
vulnerabilities in the operating system.
This led to losses in the production as
well as economic damages. Hackers
has also been mentioned as a risk that
must be taken into account, since they
might get a hold on sensitive
information about the company
(Jansen & Jeschke 2018)

"There is a risk relating to management systems, it
would be bad if our idea bank on improvements where
to leak. If it were to get in the hands of our competitors
or something like that." - Fredrik
"You regularly read about different types of data
breaches. And one should not be naive of course,
because we have products that are successful and have
worked for a long time, so others may surely want to
take part of it and may do it through illegal methods." Helen
"That leads to, everyone who has access to the data, the
information, also has access to get to know it and the
ability to share it. For example, recipe for manufacturing
and such, how we are setting up the machines and such
will be public, if that ends up in the wrong hands it can
end up at our competitors’." - Mikael

90

Appendix 15. Solutions to risks

Relates to theory

Quotes

For a successful implementation of
digitalization, manufacturing
companies agrees that education
and inclusion of the employees is
the most crucial part. It has also
been proven that manufacturing
companies need to include
digitalization into their business
strategy for a successful
implementation (Stoffels & Ziemer
2017)

"You have to make sure that the tools you are using and
working with are user friendly. There should be a clear
benefit from using the tool, not only that it is user
friendly, but that you feel you will get something out of
using it." - Fredrik

Increased workload

A common vision is a necessity in
order to get people engaged.
Often, a company vision is personal
and only shared by a few people
with a high position within the
company, who forces it on to the
rest of the employees. Such an
approach might become accepted,
but in many cases, it will not
contribute to participation and
engagement from the employees
(Senge 1990)
To avoid a human from being
exposed for an information
overload, the organization could
take actions to improve personal
factors, information characteristics,
tasks and process parameters,
organizational design, and
information technology application
(Eppler & Mengis 2004)

Technical issues

Change management

Theme

Solutions to the risks

The Swedish company Scania
reserve power in case of a power
outage. The reserved power can be
directed to prioritized activities
when a power outage occurs, such
as keeping a server intact (Barani
2016)

"Well, it's to inform everyone at the right level so
everyone understands in some way. Some things that
are obvious for some, maybe something someone else
needs explained further [...] but it's to inform kind of,
before you get started with something. And then try to
have a dialogue with them: 'What do you think?', 'What
are you thinking?' and try to answer all questions they
might have." - Rasmus
"It is to get people to understand the importance of
everyone working in the same direction, that there is an
advantage to do that. [...] If you can get the staff to
understand, they may be more open to work like that,
because in the end, it is for their own sake, not just
because someone has said so [...] see the need and also
ask the staff what they think would be helpful: 'how do
you think that would help you?', 'What information do
you need?', and such things." - Sofie
"It is really just about normal project planning in such
cases and ensuring that you get the user-friendliness
that is required. You can specify what you need, what
functionality you require from the tool." - Fredrik
"Well, it may result in a negative attitude towards the
system if some people get more work with them. It may
be less work for the company in total, but work may be
moved across departments [...] Well, the solution is that
you carry through a great project really, that you include
a risk analysis." - Klas
“One needs to be careful of how to handle the data, that
is, it should not be underestimated. The data must be
handled safely and you have to make sure that it works
even if you lose networks or power. We cannot stop
working because of that. So it is important to have a
thoughtful strategy." - Fredrik
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"I think that with a good cooperation with the IT
department, you will develop solutions that are safe and
can handle this. One will have to admit, voestalpine
group are strong in data protection and, by following
the guidelines, you'll have pretty safe data storage." Fredrik

Cyber-attacks

"[...] and there are always different actions that you can
take. Generally, if you have good routines, there are
rarely any huge problems." - Alexander
There are three measures that
needs to be taken into account in
order to protect a company from
risks related to different data
encroachments and virus attacks:
technological measures,
organizational measures, and
human-centered measures (Jansen
& Jeschke 2018)

"But this is an industry that does not reveal too much
about what you are doing, to put patent on what we are
doing. That's what may be crucial if we are going to be
successful or not. Somewhere, I think we will have
transparency but only to a certain level. Because we are
in the high end of one segment. Premium segment." Göran
"Everything here is duly qualified controlled, so that the
person who performs each step really only has access to
his/her part. And thus, it ensures that one should not be
tempted to do stupidities." - Johan
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Appendix 16. The digital transformation model for a company
with a process layout in Excel.
The digital transformation model shows every step and respectively sub step
from the proposal, figure 8.

Figure 8. The digital transformation model for a company with a process layout.

The user will obtain comments about the step or sub step by pointing the mouse
at it, illustration shown in figure 9.

Figure 9. Comments are linked to each step and sub step.

If more details are needed relating to specific steps, the transformation model
holds further details and analyzes in hyperlinks, see examples in figure 10 and
figure 11.
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Figure 10. The figure shows an example where the hyperlink ‘Competencies’ links the user
to further details about step 1.

Figure 11. The figure shows an example where the hyperlink ‘SWOT analysis’ links the user
to the SWOT analysis referred to in sub step 2.2.
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The manage and overview the progress, extra functions of signing and checking
the text are inserted in the right part of the digital transformation model, figure
13. These cells are to be filled out by the person or department that are
responsible for the digital transformation.

Figure 13. The figure shows an example the responsible person/department ‘NN’ has
documented the step as overviewed and checked the step as finished
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