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Preface 
This thesis is submi6ed as a summary of a collecGon of scienGfic arGcles. Therefore, it is not 
a monography but a presentaGon of three published or publishable journal papers. This 
presentaGon describes the relaGon between these publicaGons and how they each 
contribute to the overall PhD project, as described by the "Rules and guidelines for the PhD 
degree programme" of 15/11/2023 by Aarhus BSS Graduate School, Aarhus University1. 

As the included papers must be able to stand on their own, the reader of this thesis is likely 
to encounter repeaGng points and posiGonings, especially in the introducing parts of the 
papers.  

Please noGce that the final papers have been peer-reviewed by editors and reviewers of 
different journals. In this process, the papers have been shaped to adhere to these journals' 
requirements, customs, and formats.  

  

 
1 h#ps://bss.au.dk/en/research/phd/rules-and-regula5ons 
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Execu;ve summary 
This execuGve summary presents a concise overview of a thesis examining the challenges 
and opportuniGes for SMEs in the context of Industry 4.0 and digital transformaGon. Since 
2011, these concepts have gained considerable a6enGon, focusing on integraGng digital 
technologies in various industries. While larger corporaGons are adapGng to this new 
industrial paradigm, SMEs ocen struggle due to limited financial resources and digital 
experGse. This hesitaGon ocen stems from a risk-averse mindset and uncertainty about the 
return on digital investments. However, in the future, digital technology implementaGon will 
be a prerequisite to deliver on customer expectaGons and operaGonal efficiency. Therefore, 
this thesis focuses on how SMEs can leverage data and data technologies to enhance their 
operaGonal efficiency. 

The thesis is guided by five research quesGons:  

RQ1: What are the current recommendaGons for adopGng Industry 4.0 technology in SMEs 
based on contemporary research? 

RQ2: What are the main organizaGonal and technology factors that describe the maturity 
stages of maintenance acGviGes in Small and Medium-sized Enterprises (SMEs)? 

RQ3a: What are the needs for technical development competencies within informaGon 
systems for supporGng acer-sale service processes in SMEs? 

RQ3b: How do SMEs manage data collecGon and analysis in acer-sales service processes 
from a human perspecGve? 

RQ3c: How do SMEs uGlize low-code tools for digitalizaGon of acer-sales service processes? 

The thesis answers these quesGons over three chapters (2-4), each represenGng a published 
or submi6ed journal paper. Before these are presented, Chapter 1 introduces the thesis 
structure, provides background to the problem, presents research gaps, and posiGons the 
thesis. 

Chapter 2 addresses the first research quesGon through a systemaGc literature review of 50 
scienGfic publicaGons. It idenGfies 11 key focus areas across three domains: Technology, 
OrganizaGon, and Environment, and concludes with three specific recommendaGons in 
these areas. This chapter is encapsulated in the paper "Surround yourself with your be3ers: 
Recommenda9ons for adop9ng Industry 4.0 technologies in SMEs", published in Digital 
Business by Elsevier. 

Chapter 3 tackles the second research quesGon, focusing on the maturity stages of 
maintenance acGviGes in SMEs. It uGlizes four in-depth case studies in Danish SMEs, 
adopGng a parGcipatory research approach. The outcome is a conceptual framework and 
maturity model highlighted in the paper "Digitaliza9on of maintenance ac9vi9es in small 
and medium-sized enterprises: A conceptual framework", published in Computers in Industry 
by Elsevier. 

Chapter 4 delves into the remaining research quesGons, further invesGgaGng the 
underperforming aspects idenGfied in Chapter 3. It narrows the focus to acer-sales service, 
conducGng mulGple case studies with six Danish companies. The chapter culminates in a 
model outlining the interplay between skill locaGon, soluGon process, and data maturity, 
aimed to assist human resource allocaGon for digital iniGaGves. This work is presented in the 
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paper "Digitaliza9on of AIer-Sales Service Processes in SMEs—Perspec9ves of Skill Loca9on, 
Solu9on Processes, and Data Maturity", submi6ed to Computers in Industry by Elsevier. 

The thesis concludes with Chapter 5, which reflects on the findings, methodologies, and 
their relevance to both industry and academia. This final chapter synthesizes the insights 
gained and their implicaGons for future research and pracGcal applicaGon in the realm of 
digitalizaGon in SMEs. 

This thesis introduces several novel elements in the field of SME digitalizaGon. Firstly, it 
presents a structured literature review idenGfying 11 focus areas for SME digitalizaGon, from 
which three specific recommendaGons are derived to direct future research. This review 
notably advocates for a pragmaGc approach in digitalizaGon research for SMEs, aiming to fill 
gaps in current research with a pracGcal, future-oriented agenda. Secondly, the thesis 
develops an innovaGve framework designed for SMEs' digital iniGaGves, emphasizing 
resource scarcity. This framework is unique in its focus on underuGlized data resources 
within SMEs, demonstraGng how these can be effecGvely leveraged to enhance 
digitalizaGon. It stands as one of the first studies to conceptualize the use of these resources 
in conjuncGon with technology aspects like system integraGon and digital data collecGon. 
Thirdly, the thesis offers insights into managing digitalizaGon from a human perspecGve, 
suggesGng that SMEs should allocate human resources towards co-creaGon and prototyping, 
while outsourcing technical development. Fourthly, the research combines pracGcal case 
studies with theoreGcal insights, bridging the gap between industry pracGce and academic 
theory. Lastly, it delves into the less explored areas of maintenance and asset management 
within SMEs, shedding light on these vital yet overlooked aspects of digitalizaGon, and thus 
adding a unique dimension to the field. 
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Resumé 
De6e resumé præsenterer et korLa6et overblik over en atandling, der undersøger 
udfordringerne og mulighederne for små og mellemstore virksomheder (SMV'er) i 
forbindelse med Industri 4.0 og digital transformaGon. Siden 2011 har disse koncepter fået 
stor opmærksomhed, hvilket signalerer et skic i retning af at integrere digitale teknologier i 
forskellige industrier. Mens større virksomheder Glpasser sig de6e nye industrielle 
paradigme, kæmper SMV'er oce på grund af begrænsede økonomiske ressourcer og digital 
eksperGse. Denne tøven udspringer oce af en risikovillig tankegang og usikkerhed om 
awastet af digitale investeringer. Derfor fokuserer denne atandling på, hvordan SMV'er kan 
udny6e data og datateknologier Gl at øge deres operaGonelle effekGvitet. 

Atandlingen er styret af fem forskningsspørgsmål: 

RQ1: Hvad er de nuværende anbefalinger for at indføre Industry 4.0-teknologi i SMV'er 
baseret på moderne forskning? 

RQ2: Hvad er de vigGgste organisatoriske og teknologiske faktorer, der beskriver 
modenhedsstadierne af vedligeholdelsesakGviteter i SMV'er? 

RQ3a: Hvad er behovene for tekniske udviklingskompetencer inden for 
informaGonssystemer Gl at understø6e ecersalgsserviceprocesser i SMV'er? 

RQ3b: Hvordan administrerer SMV'er dataindsamling og analyse i ecersalgsserviceprocesser 
fra et menneskeligt perspekGv? 

RQ3c: Hvordan bruger SMV'er "low-code" værktøjer Gl digitalisering af 
ecersalgsserviceprocesser? 

Atandlingen besvarer disse spørgsmål over tre kapitler (2-4), der hver repræsenterer en 
offentliggjort eller indsendt GdsskricsarGkel. Inden disse præsenteres, introducerer kapitel 1 
strukturen for atandlingen, giver baggrund for problemsGllingen, præsenterer uawlarede 
spørgsmål i den eksisterende li6eratur og posiGonerer atandlingen. 

Kapitel 2 behandler det første forskningsspørgsmål gennem en systemaGsk 
li6eraturgennemgang af 50 videnskabelige publikaGoner. Kapitlet idenGficerer 11 
nøglefokusområder på tværs af tre domæner: Teknologi, OrganisaGon og Miljø, og afslu6es 
med tre specifikke anbefalinger på disse områder. De6e kapitel består af arGklen "Surround 
yourself with your be3ers: Recommenda9ons for adop9ng Industry 4.0 technologies in 
SMEs", publiceret i Digital Business af Elsevier. 

Kapitel behandler det andet forskningsspørgsmål, der fokuserer på modenhedsstadierne af 
vedligeholdelsesakGviteter i SMV'er. Den anvender fire dybdegående casestudier i danske 
SMV'er gennem en deltagende forskningsGlgang. Resultatet er en begrebsramme og 
modenhedsmodel fremhævet i arGklen "Digitaliza9on of maintenance ac9vi9es in small and 
medium-sized enterprises: A conceptual framework", publiceret i Computers in Industry af 
Elsevier. 

Kapitel 4 dykker ned i de resterende forskningsspørgsmål og undersøger yderligere de 
underpræsterende aspekter idenGficeret i kapitel 3. Kapitlet indsnævrer fokus Gl 
ecersalgsservice, der udfører flere casestudier med seks danske virksomheder. Kapitlet 
kulminerer i en model, der skitserer samspillet mellem færdighedsplacering, løsningsproces 
og datamodenhed, med det formål at opGmere allokering af menneskelige ressourcer Gl 
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digitale iniGaGver. De6e arbejde er præsenteret i arGklen "Digitaliza9on of AIer-Sales 
Service Processes in SMEs—Perspec9ves of Skill Loca9on, Solu9on Processes, and Data 
Maturity", indsendt Gl Computers in Industry af Elsevier. 

Atandlingen afslu6es med kapitel 5, som reflekterer over resultaterne, metoderne og deres 
relevans for både industrien og den akademiske verden. De6e sidste kapitel synteGserer den 
opnåede indsigt og deres implikaGoner for fremGdig forskning og prakGsk anvendelse inden 
for digital transformaGon i SMV'er. 

Denne atandling introducerer flere nye elementer inden for SMV-digitalisering. For det 
første præsenterer den en struktureret li6eraturgennemgang, der idenGficerer 11 
fokusområder for SMV-digitalisering, hvorfra der er udledt tre specifikke anbefalinger Gl at 
lede fremGdig forskning. Denne gennemgang går især ind for en pragmaGsk Glgang Gl 
digitaliseringsforskning for SMV'er med det formål at udfylde huller i den nuværende 
forskning med en prakGsk, fremGdsorienteret dagsorden. For det andet udvikler 
atandlingen en innovaGv model designet Gl SMV'ers digitale iniGaGver, der understreger 
ressourceknaphed. Denne ramme er unik i sit fokus på underudny6ede dataressourcer 
inden for SMV'er, der viser hvordan disse effekGvt kan udny6es Gl at forbedre 
digitaliseringen. Atandlingen står som en af de første undersøgelser, der konceptualiserer 
brugen af disse ressourcer i forbindelse med teknologiske aspekter som systemintegraGon 
og digital dataanalyse. For det tredje giver atandlingen indsigt i styring af digitalisering fra 
et menneskeligt perspekGv, og foreslår, at SMV'er bør allokere menneskelige ressourcer Gl 
co-creaGon og prototyping, mens de outsourcer teknisk udvikling. For det yerde kombinerer 
forskningen prakGske casestudier med teoreGske indsigter, der bygger bro mellem 
industripraksis og akademisk teori. For det femte dykker den ned i de mindre udforskede 
områder af vedligeholdelse og asset management inden for SMV'er, og kaster lys over disse 
vitale aspekter af digitalisering og Glføjer dermed en unik dimension Gl feltet.  
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Chapter 1. Introduc;on 
This chapter introduces the topics and research gaps of this thesis, presents the research 
quesGons and methodology, and finishes with an overview of the conducted research.   

1.1. Background, research gaps, and posi4oning 

The following secGons are structured as follows. First, an introducGon of key concepts is 
provided to understand the theoreGcal scope of the thesis. This is not meant as a 
comprehensive review of all the literature on the topics but as a reader’s guide, that 
provides context to the thesis. More detailed literature can be found in the paper chapters. 
Based on this presentaGon, a series of research gaps will be presented. Lastly, a short secGon 
clarifies some specific posiGonings related to the introduced literature and research gaps.  

1.1.1. Industry 4.0 and digital transforma5on 

Industry 4.0, or The Fourth Industrial RevoluGon, was introduced in a short paper in 2011 by 
(Kagermann et al., 2011). The paper presented a new paradigm driven by digital 
technologies and intelligent systems and how they would transform tradiGonal 
manufacturing and producGon processes. Shortly acer the publicaGon, German Chancellor 
Angela Merkel used "Industry 4.0" in her opening speech for the 2011 Hannover Fair, which 
virialized the term to a point where it is now as recognizable as the word "autobahn" 
(Kagermann & Wahlster, 2022).  

Despite this, the concept of Industry 4.0 has been difficult to define, and several definiGons 
exist (Horváth & Szabó, 2019; Moeuf et al., 2018a). However, the concept describes the 
increasing digitalizaGon of the enGre supply chain by integraGng innovaGon and technologies 
with various devices and machinery to create intelligent factories and processes (Bakkari & 
Khatory, 2017; Decker, 2017; Horváth & Szabó, 2019).  

The primary goals are increased efficiency, flexibility, and customizaGon in manufacturing 
processes, enhancing producGvity while reducing costs and environmental impact (Masood 
& Sonntag, 2020). High-quality data, efficient data flows, and data technologies have 
become necessiGes to remain compeGGve as more and more product offerings and 
enterprise soluGons are built around data. Therefore, it seems imperaGve for companies to 
collect, structure, and uGlize data in their daily operaGons, as this will be the future 
prerequisite for delivering on customer expectaGons and operaGonal efficiency (OE) 
(Ghobakhloo & Ching, 2019; Horváth & Szabó, 2019; Ma6 et al., 2020; Sevinç et al., 2018; Xu 
et al., 2018).  

Industry 4.0 is characterized by the integraGon of various digital technology concepts, such 
as the Internet of Things (IoT), Cloud compuGng, Cyber-physical systems, and ArGficial 
Intelligence (AI) (Masood & Sonntag, 2020; Moeuf et al., 2020). These technologies and their 
immediate implicaGons in business have been well documented. For the past ten years, 
Industry 4.0 has been the topic of more than 1.000 project consorGa, 10.000 conferences, 
and 100.000 publicaGons, which have discussed its implementaGon from technical and 
scienGfic perspecGves (Kagermann & Wahlster, 2022).  

In the broader context of these technological advancements, the concept of digital 
transformaGon emerges as a criGcal strategic iniGaGve for organizaGons across various 
sectors. Unlike Industry 4.0, which is predominantly focused on manufacturing and industrial 
applicaGons, digital transformaGon represents a holisGc shic in organizaGonal operaGons 
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and strategies (Baestoni et al., 2023; Schlegel & Kraus, 2023; Skare et al., 2023). This shic 
encompasses the adopGon of digital technologies to transform services and business 
models, enhancement of customer experiences, and streamlining of operaGons (Skare et al., 
2023; Vial, 2019). Digital transformaGon not only complements the specific advancements of 
Industry 4.0 but also extends its benefits beyond the industrial sector, impacGng everything 
from small businesses to large corporaGons and public services (Baestoni et al., 2023; 
Ghobakhloo & Iranmanesh, 2 021). 

The projects and research within digital transformaGon and Industry 4.0 cover both technical 
engineering and implementaGons of digital technology soluGons to specific real-world 
problems and fuzzy assessment models for assessing Industry 4.0 maturity across different 
technology, business, and social science domains (Castelo-Branco et al., 2022; Colli et al., 
2019; P. Senna et al., 2023; Pacchini et al., 2019, 2019; Putnik et al., 2021).  

1.1.2. Small and medium-sized enterprises in the European economy 

Small and Medium-sized Enterprises (SMEs) are fundamental to the European economy. In 
2022, about 24.3 million SMEs were acGve within the EU-27, comprising 99.8% of all 
enterprises in the non-financial business sector (NFBS) (Di Bella et al., 2023). These SMEs 
collecGvely employed approximately 84.9 million people, represenGng nearly two-thirds of 
the total employment in the EU-27 NFBS (Di Bella et al., 2023). This significant contribuGon 
to employment highlights the role of SMEs as major employers across the conGnent. By 
providing jobs to millions, SMEs play a crucial role in driving economic growth, fostering 
social stability, and contribuGng to the development of human capital. 

In terms of economic output, SMEs accounted for slightly more than half of the value added 
in the EU-27 NFBS (Di Bella et al., 2023). This contribuGon demonstrates that these 
enterprises are not just numerous but also impacLul in terms of their economic producGvity.  

The importance of SMEs in the European economy is not just in their numbers but also in 
their diversity and flexibility. They are ocen more nimble than larger corporaGons, able to 
adapt quickly to changing market condiGons and customer needs (Mi6al et al., 2018; 
Rassool & Dissanayake, 2019; Ulas, 2019).  

1.1.3. Industry 4.0 and digital transforma5on in SMEs 

Apart from innovaGve start-ups and tech-savvy SMEs, there's a sizable group of industrial 
SMEs that are lagging in adopGng digitalizaGon (Doyle & Cosgrove, 2019; Horváth & Szabó, 
2019; Masood & Sonntag, 2020; Ma6 et al., 2020; Sommer, 2015). For such SMEs, Industry 
4.0 technologies have been criGcized for being too theoreGcal, ocen described as 
"presenGng many ideas but not enough results" (Sommer, 2015). Moreover, there have been 
increasing complaints about the growing lack of interest in digiGzaGon among SMEs (Mi6al 
et al., 2018; Sommer, 2015). This holds significant importance, as SMEs form the 
cornerstone of the European economy (Andulkar et al., 2018; Bidan et al., 2012; Bouwman 
et al., 2019; Crupi et al., 2020; De Marco et al., 2020; Masood & Sonntag, 2020; Ma6 et al., 
2020; Ulas, 2019), and because the success of an industrial revoluGon relies on its 
implementaGon across both large corporaGons and SMEs, ensuring it's more than just a 
superficial label  (Horváth & Szabó, 2019; Kergroach, 2020; Sommer, 2015). The deficiency of 
digitalizaGon in SMEs is not a6ributed to a lack of willingness but rather to a lack of clarity 
on where to start (Ganzarain & ErrasG, 2016; Sommer, 2015). Several factors make it 
challenging for SMEs to kickstart innovaGon and digitalizaGon projects, with the most 
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substanGal obstacles being limited resources and competencies (Masood & Sonntag, 2020). 
These shortages ocen lead SMEs to be cauGous about taking risks, as wrong investment 
decisions can have significant repercussions. Consequently, this tends to result in SMEs 
opGng to maintain the status quo, adhering to their usual business pracGces (Bidan et al., 
2012; Rassool & Dissanayake, 2019; Sommer, 2015). In the context of digitalizaGon, this is a 
major curtailment of potenGal, as SMEs are otherwise known for their agility and organic 
structure (Mi6al et al., 2018; Rassool & Dissanayake, 2019; Ulas, 2019). 

1.1.4. Research gaps 

This thesis is built on several specific research gaps that have been idenGfied in the 
literature.  

First, the exisGng body of research largely overlooks the specific needs of SMEs (Masood & 
Sonntag, 2020; Ma6 & Rauch, 2020; Mi6al et al., 2018) Although there is an abundance of 
studies discussing digitalizaGon strategies, they fail to address the fundamental 
comprehension required by SMEs within their unique operaGonal contexts (Brodny & Tutak, 
2022; Mi6al et al., 2018; Sommer, 2015). Concepts like IoT and AI are ocen developed with 
large automoGve companies in mind and do not readily translate to the more modest scale 
of SMEs (Hansen & Bøgh, 2021; Masood & Sonntag, 2020; Sommer, 2015). The approach of 
Industry 4.0 proves insufficient for these enterprises, highlighGng a criGcal research gap in 
understanding and addressing the resource constraints typical for SMEs (Brodny & Tutak, 
2022; Masood & Sonntag, 2020; Mi6al et al., 2018; Sommer, 2015; Stentoc et al., 2021) 

Second, the exisGng literature ocen falls short in offering an interdisciplinary perspecGve. 
The digital transformaGon in SMEs is not just a technological challenge; it is deeply 
intertwined with business and organizaGonal dynamics. Much of the current research tends 
to either focus on the technical aspects, such as the development of staGsGcal models, 
without fully considering their impact on business operaGons or emphasize the business 
side without adequately understanding the technological implicaGons. There is a need for 
research that bridges this gap, providing insights into how technology affects business 
processes and vice versa, and understanding the organizaGonal changes that accompany 
technological upgrades in SMEs.  

Third, there is a lack of publicaGons and research acGviGes that relate to how to adapt and 
uGlize digital concepts and technologies in SMEs (Masood & Sonntag, 2020; Ma6 et al., 
2020; Mi6al et al., 2018; Nowotarski & Paslawski, 2017; Oliff & Liu, 2017; Sommer, 2015). 
Here, there is a need for pragmaGc research that takes parGcipatory approaches to study 
how SMEs, and industry in general, best approach digital technology implementaGon as they 
occur (Amaral & Peças, 2021; Colli et al., 2019; Ghobakhloo & Ching, 2019).  

Lastly, it should be noted that studies should not only focus on pracGcal problem-solving. 
While exampling through case studies can generate powerful inspiraGon for others 
(Flyvbjerg, 2006), much digitalizaGon research has been criGcized for being developed using 
only single case studies or data points (Sundberg et al., 2019; Williams & Lang, 2019). This 
suggests that theorizing should be done based on mulGple case studies to strengthen the 
validity of the outcomes.  

1.1.5. Specific posi5oning 

This thesis defines and employs a clear disGncGon between the concepts of digitalizaGon, 
complete digital transformaGon, and Industry 4.0. While the la6er two are ocen regarded as 
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the pinnacle of technological and operaGonal advancement (Genest & Gamache, 2020; 
Moeuf et al., 2018b), this research posiGons digitalizaGon as a criGcal steppingstone towards 
achieving these objecGves. It considers that for SMEs to successfully transiGon into the 
Industry 4.0 paradigm and realize the full spectrum of digital transformaGon, they must first 
proficiently navigate the digitalizaGon of individual business facets. The focus of this thesis is 
to explore and clarify the iniGal pathways through which SMEs can embark on this 
transformaGve journey, laying the groundwork for a future full digital integraGon. 

With this in mind, it is also imperaGve to underscore that the objecGve of this project is not 
simply to insert digital technologies and informaGon systems into SMEs in an a6empt to 
force them towards Industry 4.0. Instead, it is to understand how SMEs can incrementally 
convert their current business processes and digital technology landscape to something that 
accommodates a future-oriented Industry 4.0 mindset. This means that this project will not 
exclusively focus on employing the latest Industry 4.0 technologies but will comprehend the 
context in which these future technologies will operate and learn how to adapt to this 
context. This posiGons the project in relaGon to the presented scarciGes of SMEs. 

To facilitate this and guide the research for this thesis, the following definiGon has been 
developed as a steering point for discussing digitalizaGon: Digitaliza9on represents the 
introduc9on of one or more digital technologies to business processes, with the intent to 
decrease analog/manual labor and automate data collec9on and/or informa9on flow. 

1.2. Research ques4ons 

Based on the background and moGvaGon, The following quesGon guides this thesis: 

How can SMEs combine data and data technologies to increase their opera3onal 
efficiency?  

This overarching quesGon frames this thesis and sets the scene for the completed work. The 
objecGve of this thesis is not to answer this quesGon directly but to use it to guide the 
research efforts. Based on this quesGon, a series of specific research quesGons has been 
developed. These research quesGons are empirically driven and have been developed 
sequenGally based on the accumulated research in the project. By so, these were not 
completely defined at the beginning of the project but have matured as the research 
progressed.  

To provide an academic foundaGon for the project, it was relevant to research the exisGng 
body of knowledge on the topic of digitalizaGon and Industry 4.0 in SMEs. As the topic is 
already well-researched, it was decided to focus on extrapolaGng direct recommendaGons 
on how SMEs can adopt digital technologies. Therefore, the following research quesGon was 
proposed.  

RQ1: What are the current recommenda3ons for adop3ng Industry 4.0 technology in SMEs 
based on contemporary research? 

From answering RQ1, two things were clear. First, as Error! Reference source not found. will 
describe, there is a strong relaGonship between technological and organizaGonal factors 
when introducing digital technologies in SMEs. This suggests that these should be treated 
and studied with respect to this relaGonship and that they should not be considered as 
individual aspects of digitalizaGon. Second, the topical broadness of digitalizaGon suggested 
that to fully understand how SMEs can successfully introduce digital technologies, there was 
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a need to scope out future research in the project. Therefore, it was decided to scope 
forward-going research to focus on digitalizaGon of maintenance acGviGes in SMEs, as this 
topic has received limited a6enGon, which Error! Reference source not found. will further 
describe. Based on this, the following research quesGon was proposed. 

RQ2: What are the main organiza3onal and technology factors that describe the maturity 
stages of maintenance ac3vi3es in Small and Medium-sized Enterprises (SMEs)? 

Answering RQ2 led to the development of a conceptual framework and maturity model for 
idenGfying low and high-performing aspects of digitalizaGon of maintenance acGviGes in 
SMEs. With this came the idenGficaGon of several low-performing elements in the included 
case studies. From these, the following research quesGons were developed for Chapter 4.  

RQ3a: What are the needs for technical development competencies within informa3on 
systems for suppor3ng aVer-sale service processes in SMEs? 

RQ3b: How do SMEs manage data collec3on and analysis in aVer-sales service processes 
from a human perspec3ve? 

RQ3c: How do SMEs u3lize low-code tools for digitaliza3on of aVer-sales service 
processes? 

1.3. Methodology 

The following secGon will describe the methodology of this thesis. To explain the structure 
of the thesis, the overall methodological consideraGons for the project as an enGrety will be 
presented. This will be followed by a brief introducGon to relevant research methodologies. 
Next, a general research design is presented. The specific methodology of each chapter is 
further described in the respecGve papers. The secGon ends with an overview of the 
conducted research. 

1.3.1. Overall methodological considera5ons.  

The overall methodological consideraGons were rooted in the introduced research gaps, 
which iniGally framed the methodology for the project.  

First, it should address the need for interdisciplinary research, as this requires a special 
posiGoning among research methodologies. In the context of digitalizaGon in SMEs, it was 
clear from the beginning that understanding only technology or business could not provide 
the necessary insights. Instead, the purpose of this project was to understand the 
development and management of technologies in specific business contexts. From this, it 
was evident that this required an ability to delicately balance between engineering research 
and business and social science research. From an engineering perspecGve, it was necessary 
to understand the technical complexity of digital technologies and how these can influence 
business. On the other hand, from a business and social science perspecGve, it was 
imperaGve to grasp the organizaGonal and human complexity of the studied organizaGons to 
fully understand the influence of digital technologies. 

Second, the disGnct need for pragmaGc research directly invited research methods that 
minimize the distance between the researcher and the researched phenomena. With this, it 
was not only necessary to immerse into the operaGonal contexts of the SMEs, but the 
research also had to be of relevance to them. PracGcally, it was essenGal to understand the 
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specific requirements and expectaGons to digital technologies, which could be achieved 
through complete immersion into the studied SMEs.  

Thirdly, the research design also had to facilitate theoreGcal syntheGsm that contributes to 
the collecGve development of SMEs. Leading back to the previous point about pragmaGc 
research, it was essenGal that the output of this research contributes back to the research 
community and addresses the shortcomings of the exisGng work.  

Lastly, the overall methodology should be adaptable. From the beginning, it was obvious 
that this project should be empirically driven. By so, the project should be able to go in 
whatever direcGon the empirical data would suggest. From a pracGcal perspecGve, this 
meant that insights from one part of the project should be able to change the scope of the 
next part - and so on. To avoid locking into a direcGon that was influenced by iniGal 
assumpGons and incomplete knowledge, the research design had to be flexible and support 
agility. 

1.3.2. Design Science Research and Ac5on Research 

The nature of the presented research gaps and the methodological consideraGons suggested 
two specific methodologies: Design Science Research and AcGon Research. 

1.3.2.1. Design Science Research 
Design Science Research (DSR) is a research methodology used primarily in the fields of 
informaGon systems and socware engineering (Hevner et al., 2004), although its principles 
can be applied to other disciplines as well (Colla6o et al., 2018). DSR focuses on the 
development and performance of arGfacts with the goal of understanding the problems 
addressed by these arGfacts and the soluGons they offer. The arGfacts created through DSR 
can be constructs, models, methods, or instanGaGons (Hevner et al., 2004). 

(Hevner et al., 2004) provides a framework for understanding and conducGng design science 
research in informaGon systems. It emphasizes the importance of both relevance and rigor 
in DSR and idenGfies three cycles of acGvity: the relevance cycle (connecGng the research to 
real-world problems), the rigor cycle (connecGng the research to exisGng scienGfic 
knowledge), and the design cycle (iteraGng between problem understanding, arGfact design, 
and evaluaGon) (Hevner, 2007; Hevner et al., 2004). A key aspect of DSR is the strong focus 
on contribuGng to the general knowledge by solving problems (Colla6o et al., 2018). DSR 
should add to the exisGng knowledge base while at the same Gme improving a pracGcal 
situaGon of in the organizaGon (Colla6o et al., 2018). Despite this problem-solving 
perspecGve, the objecGve of DSR is not to provide a perfect soluGon to a problem, but to 
make a meaningful improvement to an exisGng soluGon (Colla6o et al., 2018). 

1.3.2.2. Ac3on Research 
AcGon Research is an emergent, iteraGve process of inquiry designed to develop soluGons to 
real organizaGonal problems through parGcipaGve and collaboraGve methods (Colla6o et al., 
2018; Saunders et al., 2016). It's a strategy that begins within a specific context, with an 
iniGal research quesGon and evolves through several stages. This evoluGon ocen leads to 
the refinement or even change of the iniGal quesGon as new insights are gained (Saunders et 
al., 2016). 

The uniqueness of AcGon Research lies in its requirements of research, acGon, and 
parGcipaGon (Coghlan & Brannick, 2005; Colla6o et al., 2018; Saunders et al., 2016). It 
necessitates organizaGonal members' cooperaGon, allowing their work pracGces to be 
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studied and improved upon. ParGcipaGon is not passive but requires acGve collaboraGon in 
every iteraGve cycle of the research process. With this, organizaGonal members are not just 
subjects of study but co-researchers, contribuGng their skills and knowledge to the process 
(Coghlan & Brannick, 2005). 

AcGon Research follows a cyclical process that typically includes four main stages: 
diagnosing, planning acGon, taking acGon, and evaluaGng acGon (Coghlan & Brannick, 2005), 
but variaGons exist (Azhar et al., 2010; Saunders et al., 2016). These stages represent a spiral 
of iteraGve cycles within any acGon research project, with each stage building upon and 
influencing the next, ensuring a dynamic and responsive approach to research and problem-
solving (Coghlan & Brannick, 2005). 

AcGon Research is informed by both theoreGcal knowledge and the experienGal knowledge 
of parGcipants (Colla6o et al., 2018). It integrates proposiGonal knowledge (abstract, 
theoreGcal knowledge) with experienGal knowledge (everyday lived experiences) and 
knowing-in-acGon (knowledge derived from pracGcal applicaGon) (Coghlan & Brannick, 
2005; Colla6o et al., 2018).  

1.3.3. Research design 

Based on the presented methodologies and guidelines, a research design was developed. 
The project employed a DSR methodology as the overarching methodology. This research 
design was developed to ensure pracGcal relevance for SMEs by making a tangible 
contribuGon to industry pracGces. Concurrently, it was underpinned by theoreGcal 
knowledge, allowing it to also contribute to academic discourse. A visualizaGon of the 
research design can be found in Figure 1.1. 

The project was divided into three parts based on the research quesGons, each of which 
contributes to the outcome of the project. The first part conducted a structured literature 
review, using only established literature. This provided an academic foundaGon for the 
project, which in return delivered insights back to the knowledge base.  

In the second part, immersive case studies were conducted. These case studies represent 
the majority of the empirical work for the project. These were individual case studies that 
each a6empted to solve a pracGcal problem through an acGon research approach, as it is 
appropriate when the purpose is to cooperate to understand how an intervenGon can help 
solve a problem in pracGce (Colla6o et al., 2018). The case studies were conducted 
sequenGally, where learnings from each case study carried on to the next. Insights from all 
the case studies culminated in a conceptual framework. Each of the case studies were 
conducted by developing arGfacts as well. In the case studies, exisGng data and resources 
was explored to build prototypes and improve processes, which required some degree of 
innovaGon to exisGng processes or systems. By extension, this describes the development of 
an arGfact which advocated for DSR methodology. The success of the arGfact depended on 
the interacGon with the case companies to gain the proper contextual domain knowledge. 
Yet, the objecGve was not the design of the arGfact itself but the learnings that came with its 
development, which was more rooted in acGon research. Furthermore, the evaluaGon of the 
achieved improvements were manifested by the cyclic and conGnuous data collecGon 
concepts of acGon research (Colla6o et al., 2018).  

In the third and last part, specific components from the developed framework were selected 
for further invesGgaGon based on what stood out in the results.  
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The research was contextualized within the environment of SMEs, which provided the 
pracGcal backdrop for the study. As the project progressed, the scope of this pracGcal 
context was further scoped based on the accumulated findings. The knowledge base 
contributed with knowledge from previous research. As with the environment, this context 
was scoped as the project progresses.  

 
Figure 1.1: Visualiza0on of the research model, built on DSR and ac0on research methodology. 

1.3.3.1. Sampling 
Some selecGve recruitment was necessary to ensure the relevance of companies involved in 
the case studies for the project.  

The definiGon of an SME by the European Commission specifies that an SME is a company 
that has less than 250 employees, has a yearly profit of less than 50 million euros, or a 
balance sheet of less than 43 million euros (Lookanen, 2003). By this definiGon, the pool of 
potenGal companies was huge and diverse, which required further scoping.  

The focus was on SMEs with a workforce ranging from 50 to 250 employees. This size range 
was explicitly chosen to include companies of substanGal size while excluding very small 
businesses. The primary targets were companies with a mixed workforce of both blue-collar 
and white-collar employees. 

Financial stability was another key factor in the selecGon process. Companies showing 
profitability in their annual financial reports were targeted. Profitability was used as an 
indicator of the availability of financial resources for potenGal projects, serving more as a 
guiding parameter than a strict selecGon criterion. This was chosen as any iniGaGve would 
be associated with costs, which is why companies with a yearly profit of less than 1 million 
DKK were discarded. 

The age and history of the companies were also considered. The study aimed to include 
companies that had been in business for a considerable period, specifically those established 
before 2005. This cut-off was based on the likelihood that such companies would have 
undergone IT system upgrades or investments around significant technological shics, such 
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as the mobile and cloud revoluGon. This criterion was intended to idenGfy companies with 
funcGonal but potenGally outdated technology, indicaGng a need for digitalizaGon. 

AddiGonally, the internal IT resources of these companies were assessed. The selecGon 
favored organizaGons that tradiGonally depend on external partners for technological 
experGse rather than maintaining extensive in-house IT resources. This approach was used 
to pinpoint companies that were not inherently tech-savvy, suggesGng their potenGal 
readiness and need for digital transformaGon. 

The research design for this study involved recruiGng parGcipants for two disGnct 
components: immersive case studies and specific component invesGgaGons. Due to Gme 
constraints, it was anGcipated that only four to five immersive case studies could be 
conducted, with each expected to take approximately three months. UlGmately, four such 
case studies were completed. The approach to specific component invesGgaGons was more 
open-ended, with no predetermined number of studies. The decision to engage with new 
companies for these invesGgaGons was made with the understanding that this aspect would 
evolve based on findings throughout the project. 

While the number of case studies (four to five) might seem limited for generalizaGon 
purposes, this aligns with the study's objecGves. According to (Flyvbjerg, 2006), case studies 
need not always be used for generalizaGon. They can serve as illustraGve examples, offering 
valuable insights in place of staGsGcal generalizaGons. This approach is parGcularly effecGve 
in qualitaGve research, where depth and detail can provide significant understanding. 

Furthermore, (Flyvbjerg, 2006) emphasizes that the quanGty of case studies and their 
potenGal for generalizaGon is less criGcal than creaGng a representaGon that resonates with 
the realiGes SMEs recognize. This study a6empts to do this by focusing on the depth and 
relevance of each case to present a comprehensive understanding of the digital 
transformaGon processes within SMEs. 

PracGcally, the sampling was heavily influenced by convenience and snowball sampling. The 
research is conGngent on the willingness of companies to grant access to their organizaGon 
and confidenGal data. Not all companies are comfortable with allowing an external 
researcher, who is essenGally a stranger, to access their comprehensive data. Consequently, 
the pool of potenGal case studies was limited to companies that exhibit a certain level of 
trust and openness. This restricGon inherently influenced the selecGon of cases, as it was 
not always able to work with companies that perfectly fit the predefined criteria. The 
research, therefore, relied on the cooperaGon of companies that are agreeable to 
collaboraGon. ComplemenGng convenience sampling, snowball sampling played a crucial 
role in the recruitment process. ParGcipaGng companies were requested to refer the 
research project to other potenGal companies. This method served two purposes: it allowed 
for the idenGficaGon of companies similar to the ones already studied, and it provided a 
'stamp of approval' from a known and trusted source. Being referred by an exisGng 
parGcipant eased the process of recruiGng new companies, as it helps to establish a baseline 
of trust and credibility with potenGal new parGcipants. 

1.3.3.2. Data collec3on 
The data for this project was extracted from mulGple sources and consists of both primary 
and secondary data. The primary data originates from the interacGon with the companies 
that parGcipated in the project. For the immersive case studies, primary data has been 
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collected through several methods. As the immersive case studies were built around a 
parGcipatory approach, where a significant amount of Gme was spent in the company, a 
considerable amount of data comes from interacGng with the organizaGon and the digital 
technologies.  

The development of arGfacts for the parGcipaGng companies was not only a means of 
engagement but also a vital primary data collecGon method. The process of creaGng and 
refining these prototypes provided a unique opportunity to gather first-hand informaGon by 
being directly involved in the companies' operaGons. This hands-on experience was crucial 
in collecGng primary data, as it allowed for a deeper understanding of the companies' 
processes, decision-making pracGces, and cultural dynamics. The interacGons and 
discussions that arose during the prototyping process were rich sources of primary data, 
offering insights that were integral to the research findings. Moreover, the emphasis on the 
prototyping process served a dual purpose. It not only facilitated a deeper immersion into 
the organizaGonal environment, making the research presence more relatable and jusGfied, 
but it also ensured that the data collected was directly reflecGve of the companies' real-
world scenarios.  

The focus was on the journey of development and the interacGons it fostered rather than 
solely on the soluGon. This approach reinforced that the value of prototyping lay in its ability 
to generate meaningful and context-rich primary data, crucial for understanding the 
nuanced aspects of organizaGonal behavior and technology adopGon. Here, a lot of the 
knowledge of business processes comes from training sessions, meeGngs, and parGcipaGon 
in work. Furthermore, a part of the organizaGonal context comes from informal meeGngs 
and "water-cooler talks." The organic emergence of this knowledge made it challenging to 
formally document why this has mostly been done through post-notetaking and/or the 
topics that have been brought up in later interviews.  

Semi-structured interviews have also played an enormous role in this project. Where mere 
parGcipaGon has allowed for exploratory research of the nature of the daily operaGons of 
the company, semi-structured interviews have made it possible to uncover more profound 
knowledge about specific topics. This has provided an explanatory aspect of the data 
collecGon while sGll maintaining the possibility for exploraGon. Semi-structured interviews 
were all audio recorded when in-person, and audio/video recorded when online.  

Beyond primary data, secondary data has also been used in this project, namely through 
business data and established literature. Business data from the immersive case studies 
plays a prominent role in this project. Business data is structured and unstructured data that 
can be found in the companies' informaGon systems. The data can come from business 
processes related to producGon, accounGng, finance, purchasing, service, and/or 
maintenance. This data plays a vital role in the prototype development and is a necessary 
prerequisite. Related to this, informaGon from business documents was used. This includes, 
but is not limited to, strategic documents, standard operaGon procedures, organizaGonal 
visualizaGons, and/or other documentaGon. Company data was accessed on-premises, 
dictated by the case companies, with respect to internal policies for cyber security and data 
governance. This also means that company data, in many instances, is not available acer the 
case study is finished, as access to this has been revoked.  

Lastly, a big part of the secondary data comes from exisGng literature. Through this project, 
the literature has been constantly revisited to understand exisGng work from different areas 
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as the research has progressed. The approach to finding literature has differed. In some 
cases, it has made the most sense to review literature closely related to specific topics, 
which may have been sparsely available. In one case, rigorous, and structured literature 
review methodologies have been developed to ensure a complete scan for the most relevant 
research. This has been thoroughly described in Chapter 2. What is common for any 
literature search process in this project is that only literature from acknowledged, peer-
reviewed journals and proceedings has been included. This is to ensure that only high-
quality research has been analyzed. An acGve choice has been made also to include papers 
from conference proceedings, to also include the newest research.  

1.3.3.3. Analysis 
In the analysis of data collected from the case studies, a methodical cross-case analysis was 
undertaken. This approach was designed to idenGfy pa6erns and themes that repeat across 
the individual cases. The established literature played a central role in this process, serving 
as the foundaGon for the analysis. This was achieved by employing the literature as a lens 
through which the data was examined. More specifically, integral themes, concepts, and 
variables was idenGfied in the literature, which formed the basis for a coding scheme that 
categorized the data, enabling systemaGc comparisons across different cases. The coding 
process was both deducGve, guided by pre-exisGng theoreGcal constructs, and inducGve, 
allowing for emergent themes to be captured. 

The cross-case analysis also involved the triangulaGon of data sources to reinforce the 
validity of the findings. By comparing and contrasGng data points from various sources 
within and across different cases, a more robust and mulGfaceted portrayal of the subject 
ma6er was achieved. This triangulaGon aided in uncovering convergent evidence that 
reinforced the idenGfied pa6erns and themes. The analysis culminated in the synthesis of 
findings, integraGng the individual and collecGve learnings from the case studies that 
highlights commonaliGes and differences.  

  



Page 23 of 123 

 

1.4. Research overview 

This thesis is composed of a series of published and submi6ed papers and makes up the 
following chapters. All papers are published in or submi6ed to acknowledged, peer-
reviewed journals. The journals have been selected based on their relevance to the 
individual paper topics. An overview of the included papers can be found in Table 1.1.  
Table 1.1: Directly included papers in this thesis. 

Chapter Title Journal Reference 
Chapter 2 Surround yourself with your be#ers: Recommenda5ons 

for adop5ng Industry 4.0 technologies in SMEs  
Digital Business 
(Elsevier) 

(Grooss et al., 
2022c) 

Chapter 3 Digitaliza5on of maintenance ac5vi5es in small and 
medium-sized enterprises: A conceptual framework  

Computers in 
Industry (Elsevier) 

(Grooss, 
2024) 

Chapter 4 Digitaliza5on of A]er-Sales Service Processes in SMEs - 
Perspec5ves of Skill Loca5on, Solu5on Processes, and 
Data Maturity 

Computers in 
Industry (Elsevier 

Submi#ed 

Furthermore, a substanGal amount of work has been completed to support the chapters in 
the form of smaller paper submissions to relevant conferences. These papers are not 
included in this thesis but are merely supporGng work that can be used to get a be6er 
understanding of the included work. It is not necessary to read these papers to understand 
the thesis. An overview of these papers can be found in Table 1.2. 
Table 1.2: Suppor0ng papers published during the PhD project but not directly included in this thesis.  

Title Journal Reference 
Balancing digital maturity and opera5onal performance 
progressing in a low-digital SME manufacturing seang 

Procedia 
Computer 
Science 

(Grooss et al., 2022a) 

Advancing maintenance strategies through digitaliza5on: A case 
study 

(Grooss, 2022) 

Essen5als for Digitalizing Maintenance Ac5vi5es in SMEs In press (see Appendix 1) 
Comparison between data maturity and maintenance strategy: 
A case study 

Procedia 
CIRP 

(Høj Brasen et al., 2021) 
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Chapter 2. Surround yourself with your beGers: Recommenda;ons for 
adop;ng Industry 4.0 technologies in SMEs 

The following journal arGcle answers RQ1:  

Grooss, O. F., Presser, M., & Tambo, T. (2022). Surround yourself with your be6ers: 
RecommendaGons for adopGng Industry 4.0 technologies in SMEs. Digital Business, 2(2), 
100046. h6ps://doi.org/10.1016/j.digbus.2022.100046 

The published version of this paper can be found at this link: 
h6ps://www.sciencedirect.com/science/arGcle/pii/S2666954422000266 

The content of this chapter is directly copied from this paper.  

Abstract: The purpose of this paper is to review the state-of-the-art literature on Industry 
4.0 and digitalisaGon in small and mid-sized enterprises (SMEs). The paper aims to 
extrapolate and organise recommendaGons for how to progress in these disciplines from a 
substanGal number of studies. This is accomplished by a systemaGc literature review on 
publicaGons within the period 2018–2021. For this purpose, a rigorous metadata analyGcs 
process is deployed to retrieve, filter, and structure large amounts of metadata to increase 
inclusiveness and transparency. The findings consist of 11 focus areas that are developed by 
extrapolaGng recommendaGons from the reviewed literature. These focus areas are 
structured using the technology-organisaGon-environment (TOE) framework, which is 
divided into subcategories. From these, three specific technology-focused recommendaGons 
are developed. Furthermore, the paper idenGfies some concerns with the current research 
methods due to the overall low implementaGon of Industry 4.0 in SMEs. This leads to 
suggesGng that future research should engage in pragmaGc research methods with a6enGon 
to how digital technologies are applied in SMEs.  

Keywords: Industry 4.0, DigitalizaGon, SME, TOE, Digital Technology 
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2.1. Introduc4on 

Industry 4.0 has been central to industrial digital transformaGon (DT) since 2011, discussing 
new ways of connecGng devices and systems, resulGng in new data insights, customisable 
products, and technological autonomy (Horváth & Szabó, 2019; Ma6 et al., 2020; Sevinç et 
al., 2018; Xu et al., 2018). This industrial revoluGon has introduced many new digital 
technologies and, by extension, vast amounts of possibiliGes for new business development 
opportuniGes. Industry 4.0 describes the DT of manufacturing, in which interconnected 
processes and equipment allow the mass customisaGon of products and responses to 
market demands (Bakkari & Khatory, 2017; Decker, 2017; Horváth & Szabó, 2019; Karki et al., 
2022). DT, inspired by Industry 4.0, is vital in many industries where it is especially important 
for small and medium-sized enterprises (SMEs) not to be excluded from such opportuniGes, 
as these companies make up 99% of the companies in Europe (Andulkar et al., 2018; Bidan 
et al., 2012; Bouwman et al., 2019; Crupi et al., 2020; De Marco et al., 2020; Masood & 
Sonntag, 2020; Ma6 et al., 2020; Ulas, 2019).  

However, several authors have raised concerns about the engagement of SMEs in the 
Industry 4.0 paradigm. This is highlighted by (Sommer, 2015), who finds that smaller SMEs 
may become vicGms of Industry 4.0, as they do not possess the necessary resources to 
parGcipate in comprehensive digitalisaGon iniGaGves. (Holopainen et al., 2022) similarly find 
that most of the studied companies struggle with adjusGng their operaGons in DT. 
Furthermore, both (Ganzarain & ErrasG, 2016; Sommer, 2015) highlight that SMEs simply do 
not know where to start their DT. Numerous papers have already invesGgated the barriers to 
implemenGng Industry 4.0 in the context of SMEs. Generally, they find that unlike larger 
corporaGons, SMEs experience grave shortcomings when it comes to financial resources and 
availability of technical competences (Bidan et al., 2012; Rassool & Dissanayake, 2019; 
Sommer, 2015).  

These issues are not new, and throughout the literature, authors have proposed future 
research direcGons that should be explored to help SMEs implement Industry 4.0 
technologies. For example, (Menon & Shah, 2020) suggest creaGng an extensive master plan 
for digitalisaGon for SMEs. Similarly, (Coleman et al., 2016) request a mechanism that can 
assist SMEs in geeng started. (Ghobakhloo & Ching, 2019) conclude that there is a need for 
research that addresses the idenGficaGon of the key determinants that make SMEs adopt 
and implement digital technologies. (Ma6 et al., 2020; Sommer, 2015) highlight the need for 
further research on acGon plans that can support SMEs when introducing Industry 4.0 
iniGaGves. (Veile et al., 2020) brings learnings from 13 interviews with Industry 4.0-
experienced automoGve companies in Germany, thereby providing pracGcal insights into 
how to implement Industry 4.0 iniGaGves.  

However, as these insights originate from large corporaGons, it remains unclear how SMEs 
can achieve the same given their resource restraints. Furthermore, the authors suggest 
broadening these aspects to other industries. Similarly, (Or6 et al., 2020), who discuss 11 
papers on the implementaGon of Industry 4.0, call on research on specific methods and 
insights for introducing Industry 4.0 iniGaGves in different types of companies. This suggests 
that there is a lack of research that targets specific focus areas and recommendaGons for 
SMEs that can help them enter the Industry 4.0 paradigm and that some focused a6enGon 
should be given to invesGgate how these can introduce Industry 4.0 iniGaGves. Therefore, 
this research will take a first step towards this goal by conducGng a systemaGc literature 
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review to uncover and consolidate the recommendaGons for implemenGng digitalisaGon and 
Industry 4.0 iniGaGves in SMEs. Hence, the following research quesGon is proposed: What 
are the current recommenda9ons for adop9ng Industry 4.0 technology in SMEs based on 
contemporary research?  

This work is meant as a starGng point for companies and researchers venturing into new 
digitalisaGon and Industry 4.0 research projects as it provides the basic enablers of the 
technological, organisaGonal, and environmental aspects of Industry 4.0. The remaining 
secGons are organised as follows: SecGon 2.2 will describe the methods used to gather data 
for the systemaGc literature review, and it will comment on the data. SecGon 2.3 will 
describe the findings of the review. SecGon 2.4 will discuss the results, and SecGon 2.6 will 
conclude the paper.  

2.2. Methodology 

This research followed a rigorous process that will be described in this secGon. The goal was 
to provide a completely transparent search and filtering process, which, at the same Gme, 
was as inclusive as possible. This was achieved using several Python scripts, which can 
rigorously process large amounts of metadata. First, query strings were generated using lists 
of keywords. Second, these query strings were copied into the search fields of the selected 
databases, and the metadata from the search results were downloaded. Third, acer 
downloading the metadata from all queries and all included databases, the metadata was 
further processed by further scripts. These scripts provided informaGon about the filtering 
process and a list of references to be manually screened. From this list, the Gtle was read for 
each entry, and irrelevant papers were filtered out. Lastly, this was repeated for the 
abstracts, narrowing down the list of papers. Finally, the papers that remained in the dataset 
were acquired and read.  

According to (Kitchenham et al., 2009), four databases is enough to conduct a reliable 
literature review, while (Yilma et al., 2021) use six. This research uses seven databases: ACM, 
IEEE, Sage, ScienceDirect, Scopus, Taylor & Francis, and Web of Science. These databases 
were searched based on the search strings generated by the scripts. The keywords for the 
query generaGon were divided into two categories: technology keywords and 
implementa9on keywords. Technology keywords are keywords that relate to specific digital 
technologies. Furthermore, these keywords were combined with their known aliases, as 
different authors use different terms. Each technology keyword was combined with its most 
common synonyms. The list of implementaGon keywords contains keywords that relate to 
the implementaGon and introducGon of these digital technologies. This list contains not only 
synonyms per se but also words that are simply related to each other or are relevant to the 
context of implemenGng the technologies. For example, some authors use the words 
‘deploy’ and/or ‘implement’ to describe pueng an IoT device into an operaGonal 
environment. Furthermore, the keywords were combined with the search terms ‘SME’ and 
‘small and medium’, as this review focuses on SMEs. The keywords generated a total of 60 
queries that were used to search the seven different databases. Examples of queries can be 
found in Figure 2.1. 
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Figure 2.1: Queries generated from the listed keywords 

To control the filtering of the metadata, the following inclusion criteria were set: 

C1. Only recent studies, published in 2018 or later, should be included. This is to ensure 
relevance of the publicaGons 

C2. Only unique papers should be included; duplicates must be removed. 
C3. Papers must include the keyword combinaGons (as presented in the query strings) in 

the Gtle, abstract, and/or keywords. 

From all the metadata acquired, a total of 15,347 unique papers were idenGfied using the 
queries from all seven databases. Acer removing entries with duplicate DOIs, 6,931 papers 
remained. From there, entries with duplicate Gtles were removed. This operaGon was 
performed because not all entries had an available DOI. This led to the removal of an 
addiGonal 85 entries. Lastly, all entries that did not meet the rigorous query requirements 
were filtered out. This was achieved by checking to see if the combinaGon of keywords in 
each query string was present in the Gtle, abstract, or keywords of each entry. Filtering out 
all entries that did not meet this requirement lec 801 papers in the dataset; thus, a large 
proporGon of the papers were filtered out. The remaining 801 papers underwent a manual 
process consisGng of reading the Gtles and abstracts of each paper and filtering out the 
papers that seemed irrelevant. To steer this process, further criteria were set: 

C4. PublicaGons must be peer-reviewed conferences or journal publicaGons. This means 
that books, patents, reports, and theses are not included. 

C5. The language of the papers must be English. 
C6. The studies must contain empirical work – this means that other literature review 

papers will be discarded. This is to avoid accumulated interpretaGon bias. 

This lec 201 papers in the final dataset. Each of the 201 papers was downloaded and read 
from start to finish to determine its relevance for this review. To control the filtering, the 
following inclusion criteria were set:  

C7. The studies must make recommendaGons or propose drivers for introducing 
digitalisaGon/Industry 4.0 iniGaGves. Papers that focus only on barriers or only 
highlight issues will not be included, as converGng these into recommendaGons may 
introduce interpretaGon bias.  

C8. The studies must be technology focused. Some papers discuss business aspects of 
technology iniGaGves but do not discuss technology itself. 

C9. The papers must also study the impact of technology iniGaGves on business. 

As a result of this process, 148 papers were discarded, leaving 50 papers to be included in 
this literature review. 

Looking at the year of publicaGon for the included papers, there seems to be an increasing 
trend of such papers being published over the last four years. The data were obtained up 
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unGl October 2021; more papers will likely be published throughout 2021, thus conGnuing 
the trend (Figure 2.2).  

 
Figure 2.2: Descrip0ve sta0s0cs of the year of publica0on, type of research, and methodology  

Scanning the methodology secGons from the included papers revealed that 23 papers used 
quanGtaGve research methods, 20 papers used qualitaGve methods, and seven papers used 
mixed methods. While all of the quanGtaGve papers used quesGonnaires, the qualitaGve 
papers performed different types of studies. As shown in Figure 2.2, the majority of the 
qualitaGve papers mainly conducted case studies. Most of these papers performed mulGple 
case studies, while three papers perform single case studies and two papers conducted 
cross-case studies. The remaining papers conducted expert interviews or design science 
research (Figure 2.2). Looking at the geographical distribuGon (Figure 2.3), most of the 
papers originated in Europe, specifically Western Europe. Most of the papers from Western 
Europe (10) were from Germany. Most papers from Eastern Europe were from the Czech 
Republic (4). Most papers from Southern Europe were from Italy (8).  

 
Figure 2.3: Geographical sources of the included papers 

To gain a deeper understanding of the papers in the dataset, a cross-reference analysis was 
performed. This was done by determining which of the references in each paper existed in 
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the dataset. This analysis provides an overview of the interlinkages between the papers in 
the dataset and thereby highlights defining papers in the field. This interrelaGonship 
between the papers can usually be illustrated using a network graph (Mariani & Borghi, 
2019). However, due to the number of entries, this graph became rather large and quite 
unreadable. Instead, the centrality score for each node in the network was saved in the 
dataset. The centrality score indicates the importance of each node in the network; it 
represents the number of connecGons to the node. 

 
Figure 2.4: Results from k-means clustering 

Finally, the papers were clustered based on each paper’s number of citaGons and centrality 
score. This was achieved through k-means clustering; the Elbow method suggested four 
clusters. According to Figure 2.4, the clusters are mainly controlled by the number of 
citaGons, except for Cluster 3, which contains two papers with significantly higher 
centraliGes. This suggests that the Cluster 0 papers are the most prominent papers within 
the field and that the Cluster 3 papers are the most connected papers in the dataset. This 
sets the order of review, so that the most central work is prioriGsed.  

2.3. Results 

From the reviewed papers, focus areas were extrapolated and categorised using the high-
level categories from the technology-organisaGon-environment (TOE) framework. The TOE 
framework is a theoreGcal framework describing the adopGon of technology in 
socioenvironmental contexts (Oliveira & MarGns, 2010). Subcategories were established 
under each TOE area to theme the recommendaGons further. As each author addresses 
mulGple areas and categories, they will be referred to mulGple Gmes within the framework. 
Furthermore, it is important to emphasise that some authors' recommendaGons may be 
relevant to mulGple categories. Hence, some of the boundaries between the secGons should 
be considered fluid, as some of the recommendaGons touch on mulGple aspects. However, 
the following secGons describe the main points extrapolated from the papers. An overview 
of the categories that the authors address can be found in Table 2.1.  
Table 2.1: References to developed categories in included papers 

Authors 

Technology Organisa5on Environment 

SI
 &

 IF
 

DC
A 

LC
 P

oC
 

SA
 

M
S 

&
 L

 

HC
 

O
C FE
 

EK
S 

SC
 

SP
 

(Jayashree et al., 2021) x    x     x  
(Agos5ni & Nosella, 2019) x   x x   x x   
(Subramanian et al., 2021) x           
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(Müller et al., 2020) x         x  
(Narwane et al., 2020) x x   x       
(Chang et al., 2021) x           
(Nwaiwu et al., 2020) x   x        
(Vrchota et al., 2019) x    x x x x x   
(Ghobakhloo & Ching, 2019) x x x x  x  x  x  
(Siemen et al., 2018) x  x x      x  
(Türkeş et al., 2019) x x    x  x  x  
(Chen, 2019) x x        x  
(Bär et al., 2018) x   x  x    x  
(Moeuf et al., 2020) x x x x x x   x   
(Trstenjak et al., 2020) x     x x     
(Welte et al., 2020) x  x x  x x     
(Sivathanu, 2019) x x   x x    x  
(Molero et al., 2019) x           
(Du#a et al., 2020) x x    x  x    
(Gamache et al., 2020) x x   x x      
(Kilimis et al., 2019) x      x     
(Hamzeh et al., 2018) x x x   x x  x   
(Puklavec et al., 2018) x    x       
(Moica et al., 2018) x    x x    x  
(Jiwangkura et al., 2020)  x x  x       
(Bosman et al., 2019)  x  x   x     
(Ricci et al., 2021)  x       x x  
(Haseeb et al., 2019)  x          
(Cimini et al., 2021)  x x  x x      
(Somohano-Rodríguez et al., 2020)  x  x      x  
(Amal Krishnan et al., 2021)  x    x      
(Sriram & Vinodh, 2021)   x   x  x x   
(Marounhani et al., 2020)   x  x   x  x  
(Amaral & Peças, 2021)   x         
(Soluk & Kammerlander, 2021)   x x   x x   x 
(Yu & Schweisfurth, 2020)   x   x      
(Julian M. Müller et al., 2021)    x   x   x  
(Spalinger et al., 2019)    x  x    x x 
(Ele]heriadis & Myklebust, 2018)    x x x      
(Canhoto et al., 2021)    x   x  x   
(Arcidiacono et al., 2019)    x x    x   
(Vrchota et al., 2021)     x       
(Julian Marius Müller et al., 2018)     x x      
(Cha#erjee et al., 2021)     x x      
(Annosi et al., 2019)     x       
(Roblek et al., 2021)      x x     
(Tortora et al., 2021)      x x  x   
(Ascúa, 2021)      x    x  
(Michna & Kmieciak, 2020)       x     
(Stento] et al., 2021)        x    
(Sriboonlue & Puangpronpitag, 2019)         x x x 

System Integra.on and Informa.on Flow (SI & IF), Data Collec.on and Analysis (DCA), Low-cost Proof-of-Concept (LC PoC), Strategic 
Alignment (SA), Management Support and Leadership (MS & L), Human Capital (HC), Organisa.onal Culture (OC), Financial Expecta.ons 
(FE), External Knowledge Search (EKS), Stakeholder Collabora.on (SC), Support Programmes (SP) 
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2.3.1. Technology  

2.3.1.1. System integra3on and informa3on flow 
Several authors highlight the importance of system integraGon and intercompaGbility, which 
can be described from both internal and external perspecGves (AgosGni & Nosella, 2019; 
Jayashree et al., 2021). Keywords in this field can be dynamic capabiliGes in SMEs, top 
management commitment, IT infrastructure and supply chain integraGon, and triple bo6om 
line sustainability. From a technology perspecGve, system integraGon is the most influenGal 
factor. (Narwane et al., 2020), who idenGfy issues with implemenGng the Cloud of Things 
(CoT) (IoT + cloud compuGng) in SMEs state that the requirements are stable systems and 
informaGon structures to provide interoperable and secure soluGons transparent to 
stakeholders in the supply chain with proper risk management, compliance, and the use of 
standards and protocols. (Chang et al., 2021; Nwaiwu et al., 2020) invesGgate how SMEs 
adopt Industry 4.0 technologies to establish the potenGal for performance progress 
underscoring technology readiness. (Vrchota et al., 2019) conclude that the renewal and 
opGmal use of technologies and IT systems in SMEs is a major factor in the integraGon of 
Industry 4.0 iniGaGves. (Chen, 2019; Ghobakhloo & Ching, 2019; Siemen et al., 2018; Türkeş 
et al., 2019) find that compaGbility and data integraGon is central for seeing how SMEs can 
employ technology to parGcipate in global supply chains based on interoperable systems. 
(Bär et al., 2018) invesGgate which Industry 4.0 technologies influence the supply chains of 
SMEs and how SMEs can use Industry 4.0 iniGaGves in their supply chains. The authors find 
that it is vital to scope out and select digital technologies that assist in opGmising 
informaGon flows. These technologies must support the SME’s organisaGonal needs and 
make it possible to integrate stakeholders into supply chains. (Moeuf et al., 2020) emphasise 
that IT infrastructure should facilitate the flow of informaGon. (Trstenjak et al., 2020; Welte 
et al., 2020) provide a detailed overview of possibiliGes of digital concept strategies and 
implementaGons and find that companies should increase their internet infrastructure and 
socware flexibility, including databases. (Sivathanu, 2019) studied the adopGon of Industrial 
Internet of Things (IIoT) in auto-component manufacturing SMEs finding that infrastructure, 
compaGbility, and security influence whether or not companies choose to adopt IoT, as 
heterogeneity leads to difficulGes in managing devices and data. This also reflects 
compaGbility with other IT infrastructure, such as machines, programming logic controllers 
(PLCs), enterprise resource planning (ERP), manufacturing execuGon systems (MES), etc. 
CompaGbility is also highlighted in (Molero et al., 2019), who idenGfy key factors for 
implemenGng a new modular IT soluGon in a transportaGon SME.  

2.3.1.2. (Digital) Data collec3on and analysis 
Several papers highlight the importance of digitalising data collecGon and conducGng data 
analyGcs. (Du6a et al., 2020) conclude that it is imperaGve to capture real-Gme machine 
data and analyse these data to establish improvement opportuniGes in both manufacturing 
and design decisions. The authors highlight the need to connect equipment and implement 
IoT devices to generate data that can be used to prioriGse areas of improvement in both 
products and processes. Furthermore, SMEs should generate analyGcs and digital 
documentaGon that can be used to improve processes and maintain traceability. This will 
help track changes in costs, which will eventually ensure profitability (Ghobakhloo & Ching, 
2019; Jiwangkura et al., 2020; Ricci et al., 2021; Sivathanu, 2019). The la6er suggest focusing 
on cybersecurity, data analyGcs, ERP, PLCs, and actuators, i.e. technologies that enhance 
data collecGon and informaGon processing. (Haseeb et al., 2019) invesGgate the 
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relaGonships between big data, IoT, and smart factories, and their relaGonships with IT 
implementaGon. The study finds that they all have a posiGve relaGonship with IT 
implementaGon. (Haseeb et al., 2019) find that IoT iniGaGves increase IT implementaGon, 
which ulGmately can have a posiGve effect on business performance (Chen, 2019; Cimini et 
al., 2021; Moeuf et al., 2020; Somohano-Rodríguez et al., 2020; Türkeş et al., 2019). (Moeuf 
et al., 2020) show that the first step for SMEs is to exploit exisGng data resources. By doing 
this, SMEs can develop their business models and skill sets with fewer risks (Narwane et al., 
2020). (Amal Krishnan et al., 2021; Gamache et al., 2020) find that digital architecture, 
automaGon, and quality data can increase digital performance for SMEs, but SMEs seek data 
before they seek automaGon. (Hamzeh et al., 2018) highlight the need for SMEs to idenGfy 
and collect relevant data alongside their business processes. To summarise, introducing data 
collecGon and analyGcs in SMEs offers low-risk, baseline technologies that SMEs will be able 
to use in most of their business areas, and they can funcGon as incubators for future and 
more advanced technologies.  

2.3.1.3. Low-cost proofs of concepts 
In this last technology-related category, various authors highlight the benefits of simplifying 
Industry 4.0 iniGaGves to increase the chances of success (Moeuf et al., 2020; Sriram & 
Vinodh, 2021). (Marouwhani et al., 2020) invesGgate how 11 different TOE factors influence 
the adopGon of big data analyGcs in SMEs, concluding that the complexity of technologies, 
uncertainty about the results, and the possibility of trying out soluGons all influence the 
adopGon of big data analyGcs in SMEs. Similar findings can be observed in (Amaral & Peças, 
2021), who conducted two SME case studies. The authors conclude that SMEs can benefit 
from digitalising processes gradually by exploiGng exisGng resources to make small and 
inexpensive advancements. This advocates for an internal grassroots innovaGon strategy 
where innovaGon is primarily bo6om-up and focuses on gradually developing technical 
soluGons and growing competences. (Jiwangkura et al., 2020) add lightweight flexibility as 
influencing the adopGon of IIoT implementaGon strategies. Specifically, the authors 
recommend implemenGng simple, inexpensive, pilot IoT, pain-point-driven soluGons in a 
manufacturing seeng. (Bosman et al., 2019; Soluk & Kammerlander, 2021; Welte et al., 
2020) highlight that SMEs should look for third-party funding from innovaGon or DT grants 
from governmental iniGaGves. (Yu & Schweisfurth, 2020) invesGgate the reason for SMEs’ 
lack of Industry 4.0 technologies, finding that companies are more likely to implement 
technologies with which they have experience and in which they can recognise 
opportuniGes. (Hamzeh, Zhong, and Xu 2018) also incite SMEs to develop prototypes and 
demonstrate technologies to learn from them. Likewise, (Cimini et al., 2021) state that 
companies should experiment with technology and use this experimentaGon to open 
themselves up to change. Lastly, this is repeated in (Siemen et al., 2018), who uncover that 
SMEs prefer low setup costs over low subscripGon costs. Overall, there is a consensus 
between the authors menGoned here that SMEs should work with low-cost soluGons and 
engage in trial programmes, as this allows the tesGng of proof-of-concept soluGons. 
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Figure 2.5: Rela0onship between technological themes 

2.3.2. Organisa5on 

2.3.2.1. Strategic alignment 
Strategic alignment is key to adopGng Industry 4.0 iniGaGves done, e.g., by developing digital 
strategies, ensuring compaGbility with business goals, and ensuring alignment with 
innovaGon strategies. (Elecheriadis & Myklebust, 2018; Nwaiwu et al., 2020; Siemen et al., 
2018; Soluk & Kammerlander, 2021; Spalinger et al., 2019; Welte et al., 2020) discuss that a 
strategic plan for any Industry 4.0 transiGon should exist to ensure alignment with the 
organisaGonal, operaGonal, and technical characterisGcs of the organisaGon. (AgosGni & 
Nosella, 2019; Canhoto et al., 2021; Somohano-Rodríguez et al., 2020) highlight that 
integraGon, beyond technology, is the foundaGon of Industry 4.0 and that social capacity is a 
determinant for this integraGon. (Arcidiacono et al., 2019) aim to highlight strategic 
decisions that support SMEs’ adopGon of Industry 4.0 technologies. The authors conclude 
that a strong strategic vision is a proacGve approach to Industry 4.0 adopGon. This will 
facilitate a gradual grasping of Industry 4.0 concepts and applicaGon scenarios, allowing 
SMEs to plan their next steps. This is also likely to contribute to building the capabiliGes that 
allow digital informaGon exchange with customers, in addiGon to building confidence and 
trust in this exchange. AddiGonally, (Bär et al., 2018; Moeuf et al., 2020) find that Industry 
4.0 iniGaGves should appear in long-term strategies, and they should be aligned across the 
organisaGon. (Ghobakhloo & Ching, 2019) specifically suggest that SMEs create strategic 
roadmaps, as this facilitates digital technology adopGon. They find that this is one of the 
discriminators between non-adopters and adopters. Likewise, (Bosman et al., 2019) 
recommend that companies conduct strategic analyses regularly. (Julian M. Müller et al., 
2021), who invesGgate how SMEs differ from larger companies in terms of relaGonships 
between their absorpGve capaciGes, innovaGon strategies, and business model innovaGons, 
conclude that companies should focus on novelty-centred business models instead of just 
focusing on becoming more efficient in exisGng processes. This is supported by (Canhoto et 
al., 2021), who also uncover pa6erns that show how SMEs’ behaviour changes with 
increasing technology use and technology adopGon. Generally, the authors suggest that as 
the companies adopt more technology, they become less focused on reducing change and 
risks and more focused on embracing change and disrupGng their industry. To summarise, 
the authors above mainly highlight the importance of developing long-term plans and 
strategies for digital iniGaGves to ensure coherence among different investments in 
technology. Furthermore, the authors also highlight the importance of aligning these digital 
strategies with business goals to ensure that these goals support and develop the core 
funcGons of the business.  
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2.3.2.2. Management support and leadership  
(Gamache et al., 2020) find that developing a sophisGcated digital strategy or engaging in 
many digital investments does not have a significant impact on a company's digital 
performance. According to the authors, highly commi6ed management, the uGlisaGon of 
quality data, and effecGve change management are far more important. Several authors 
address the importance of having strong support from top management. This is observed in 
the paper by (Cha6erjee et al., 2021), who seek to idenGfy the antecedents of AI adopGon in 
manufacturing. The study finds that strong leadership support accelerates the adopGon of 
AI. 

The need for strong management and leadership support is furthermore elaborated in, e.g., 
(Jayashree et al., 2021; Marouwhani et al., 2020; Sivathanu, 2019). Moreover, (AgosGni & 
Nosella, 2019) conclude that with the presence of strong top management support and 
absorpGve capacity, the relaGonship between external social capacity and Industry 4.0 
adopGon becomes posiGve and significant. (Puklavec et al., 2018) point to top management 
support being more important in the evaluaGon stage than in the adopGon stage. However, 
management support is stronger when the manager is a part of the adopGon team. 
According to (Cimini et al., 2021), managers should ensure that technology investments are 
co-designed with the organisaGon. (Annosi et al., 2019) find a posiGve correlaGon between 
managers’ ability to collect evidence-based informaGon about the technologies and 
technology adaptaGon. (Elecheriadis & Myklebust, 2018) highlight that managers must 
teach themselves about relevant technologies. (Jiwangkura et al., 2020) also point out that 
top management's ability to make real-Gme decisions impacts IoT adopGon strategies. Like 
(Annosi et al., 2019), (AgosGni & Nosella, 2019) find that management support also controls 
the impact of investments in advanced manufacturing technologies and internal social 
capacity, and the intensiveness of Industry 4.0 technology adopGon.(Julian Marius Müller et 
al., 2018) invesGgate how Industry 4.0 triggers changes in the business models of SMEs in 
Germany: SMEs need to sense the right Gming for implemenGng Industry 4.0 technology, 
based on their human and financial capital. (Arcidiacono et al., 2019; Moeuf et al., 2020; 
Narwane et al., 2020; Subramanian et al., 2021) support the importance of top 
management, and state that managers must ensure the training of their workforce to ensure 
success and increase confidence in the workforce. (Moica et al., 2018; Vrchota et al., 2021) 
find success in establishing mulGdisciplinary project teams with associated key performance 
indicators (KPIs). (Puklavec et al., 2018; Subramanian et al., 2021) also highlight project 
management as an assisGng factor.  

2.3.2.3. Human capital 
Human capital, knowledge, skills, and insight are criGcal in Industry 4.0 iniGaGves. (Naushad 
& Sulphey, 2020) invesGgate the potenGal ICT adopGon dynamics of SMEs. The authors find 
that ‘technological self-efficacy’ is the most influenGal factor in ICT adopGon, leading to 
perspecGves of training. (Roblek et al., 2021) highlight investment in employee training as a 
key organisaGonal factor. (Gamache et al., 2020; Welte et al., 2020) observe that the 
acquisiGon and development of skills is among the factors with the greatest potenGal for 
increasing digital performance. This is also supported by(Julian Marius Müller et al., 2018; 
Tortora et al., 2021; Trstenjak et al., 2020; Yu & Schweisfurth, 2020), who find that 
organisaGons need to develop knowledge, skills, and confidence. In conjuncGon with the 
previous secGon on management and leadership, several papers specifically treat educaGon 
and competence development on management levels (Amal Krishnan et al., 2021; Ascúa, 
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2021; Bär et al., 2018; Hamzeh et al., 2018; Moica et al., 2018; Spalinger et al., 2019; Tortora 
et al., 2021). (Du6a et al., 2020) conclude that skilled talent in manufacturing is a criGcal 
success factor for implemenGng Industry 4.0 iniGaGves. This is further supported by 
(Elecheriadis & Myklebust, 2018; Marouwhani et al., 2020) who both state that employees’ 
skill sets are important for digital iniGaGves. AddiGonally, (Cha6erjee et al., 2021) highlight 
that competencies in the organisaGon posiGvely influence the perceived usefulness of AI 
technology. (Vrchota et al., 2019) find that there is a constant need to develop skills and 
knowledge among staff. (Sriram & Vinodh, 2021) suggest that technology workshops can be 
used to improve employees’ technical skills and awareness and to keep them up to date. 
(Ghobakhloo & Ching, 2019) emphasise the importance of having great informaGon 
processing capabiliGes in the organisaGon with competencies that can facilitate and speed 
up the adopGon of digital technologies. (Sriram & Vinodh, 2021; Trstenjak et al., 2020) also 
recommend that companies learn about big data and its possibiliGes.  

2.3.2.4. Organisa3onal culture 
OrganisaGonal factors describe organisaGonal structure, culture, formal and informal 
processes, and communicaGon as determining factors for implemenGng Industry 4.0 
iniGaGves. As a general term, ‘digital culture’ is understood as cultural characterisGcs that 
relate to the implementaGon of Industry 4.0 iniGaGves and digitalisaGon (Hamzeh et al., 
2018; Tortora et al., 2021). (Soluk & Kammerlander, 2021) highlight employee resistance as a 
significant barrier for Industry 4.0 iniGaGves, namely resistance related to fear of 
obsolescence or deskilling. This can be miGgated by the early communicaGon of success 
stories.  

(Kilimis et al., 2019) suggest including blue-collar workers when introducing digital 
technologies in operaGonal processes, as this will help them to uGlise and develop in-house 
capabiliGes and ease change management. (Roblek et al., 2021) find the determinants of 
innovaGon culture to be a tolerance of failures and openness and willingness to change. 
(Welte et al., 2020) highlight that a machine-learning project is only successful if the 
employees think that it is successful and not imposing a situaGon of stress. (Trstenjak et al., 
2020) recommend a communicaGve levelled approach. (Bosman et al., 2019) highlight that 
SMEs must idenGfy their own industry-sancGoned credenGals, and they must idenGfy the 
incenGves their employees should implement along with open-mindedness through sharing 
knowledge. (Michna & Kmieciak, 2020) find a posiGve relaGonship between open-
mindedness and the willingness to implement Industry 4.0 iniGaGves in SMEs. The authors 
propose a bidirecGonal relaGonship, suggesGng that increased financial performance can 
also increase knowledge sharing and open-mindedness. (Müller et al., 2021) conclude that 
an adequate corporate culture that encourages cross-funcGonal thinking and innovaGon 
search is required. (Vrchota et al., 2019) assume a need for the opGmal culture, which makes 
it possible to introduce innovaGons and changes and to conGnuously monitor these changes. 
(Roblek et al., 2021) highlight innovaGon culture as determining the introducGon of 
disrupGve innovaGons in SMEs. According to (Canhoto et al., 2021), companies that are less 
focused on reducing change and risks and more focused on embracing change and 
disrupGng their business are also the companies that experience a culture that goes from 
resisGng to embracing change. The authors describe the most transformaGonal companies 
as having a culture that promotes discovery, vigilance, and the implementaGon of 
opportuniGes. The authors above, to some degree, all describe the need for strong cultural 
support, which can be obtained through strong communicaGon and the inclusion of 
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employees, open-mindedness, and idea sharing. UlGmately, SMEs need to develop a culture 
that embraces changes rather than perceiving them as disturbances.  

2.3.2.5. Financial expecta3ons 
From the literature, it is evident that no Industry 4.0 iniGaGve can take place without some 
sort of financial investment. This imposes serious restricGons to digitalisaGon in SMEs 
(AgosGni & Nosella, 2019; Marouwhani et al., 2020). (Sriram & Vinodh, 2021; Türkeş et al., 
2019) conclude that the shic to Industry 4.0 requires determinaGon, and high capital to 
implement new technologies. (Ghobakhloo & Ching, 2019) state that the future of an SME 
can be put in danger by unsuccessful investments; hence, companies must allocate carefully. 
(Soluk & Kammerlander, 2021) argue that a strong barrier in family-controlled SMEs is 
paternalisGc decision-making unaware of opportuniGes related to digital technologies 
(Stentoc et al., 2021; Vrchota et al., 2019). According to the authors, it is important to 
develop effecGve processes for determining the effecGveness of investments, such as the 
recovery rate or return on investment, and risk analysis is a big part of this. (Du6a et al., 
2020) conclude that it is criGcal to relate operaGonal performance to KPIs, such as cost, 
efficiency, relatability, and maintainability. To summarise, SMEs must not expect Industry 4.0 
iniGaGves to be free to engage in; however, they should rely heavily on developing business 
cases to objecGvely assess the different investments and thereby reduce risks. 

 
Figure 2.6: Rela0onship between organisa0onal themes 

2.3.3. Environment 

2.3.3.1. External knowledge search  
There is a need for SMEs to look for knowledge and experGse outside their organisaGons, 
(Canhoto et al., 2021; Hamzeh et al., 2018). The external environment goes from managing 
external pressure to seeking opportuniGes as the company adopts more technology, and the 
approach generally goes from being reacGve to being more purposeful. (Vrchota et al., 2019) 
discuss factors such as the market, technological development, compeGGon, government, 
and ecology. Several authors specifically recommend that SMEs engage in collaboraGons 
with universiGes and research insGtuGons to transfer knowledge from academia to industry 
(Moeuf et al., 2020; Sriboonlue & Puangpronpitag, 2019). Leaders should get involved in 
business-to-business (B2B) networks to esGmate the opportuniGes offered by Industry 4.0 
iniGaGves. Generally, the problem of a lack of knowledge resources should be miGgated by 
having external experts make a preliminary audit of the state of machinery, workshops, and 
processes. Acer this, the SME will need to be supported in implemenGng its chosen 
technology. The authors recommend relying on academia, as knowledge transfer is not 
always guaranteed with consultants. The adapted competencies should then be generated 
by training employees (SecGon 2.3.2.3). Although this training is Gme-consuming, it does 
promote be6er integraGon. (Ricci et al., 2021) find that the breadth and depth of an external 
knowledge search do indeed affect the adopGon of Industry 4.0 technologies, based on the 
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sensing and seizing of different types of innovaGon opportuniGes. (AgosGni & Nosella, 2019) 
find that a strong external social capacity, including a culture of openness and integraGon, 
can help with Industry 4.0 adopGon and that external knowledge can accelerate this 
adopGon but only with strong management support. (Sriram & Vinodh, 2021) also find that 
SMEs should establish connecGons with partners across the globe to increase awareness of 
new opportuniGes and share their own faciliGes. Finally, (Arcidiacono et al., 2019; Tortora et 
al., 2021) both highlight that close collaboraGons with universiGes, research insGtuGons, 
consultants, and innovaGon managers can be a determining factor for implemenGng 
Industry 4.0 iniGaGves in SMEs. To summarise, this secGon highlights the importance of 
SMEs searching for knowledge outside themselves. This can be done through collaboraGon 
with universiGes, engagement in B2B networks, and/or the use of external experts.  

2.3.3.2. Stakeholder collabora3on and informa3on sharing 
External collaboraGon and informaGon sharing are vital success factors for SMEs engaging in 
Industry 4.0 iniGaGves, (Ascúa, 2021; Soluk & Kammerlander, 2021; Sriboonlue & 
Puangpronpitag, 2019; Türkeş et al., 2019). (Ricci et al., 2021) suggest building collaboraGons 
with universiGes, technology vendors, or consultancies. The key is to develop trust and a 
shared vocabulary so that parGes can share data confidently. (Julian M. Müller et al., 2021) 
conclude that SMEs that are successful in working with external knowledge are be6er 
prepared to engage in exploratory and exploiGve innovaGon, which allows them to find new 
business models. Companies should learn to share informaGon across the enGre 
organisaGon and its value creaGon network, which includes more than just the closest 
suppliers and customers. (Chen, 2019; Somohano-Rodríguez et al., 2020) also report a 
relaGonship between innovaGon strategy and firm innovaGon regarding Industry 4.0. This is 
grounded in the fact that Industry 4.0 suggests collaboraGon and idea sharing between 
partners with complementary technologies, which allows SMEs to focus on the aspects that 
contribute the most to value creaGon. (Siemen et al., 2018) find that companies can benefit 
from intercompany data analysis; however, it is important that SMEs have the power to 
decide what informaGon to share, as trust must be developed throughout the process. On 
the contrary, (Jayashree et al., 2021) do not find a posiGve relaGonship between supply 
chain integraGon and the effecGve implementaGon of Industry 4.0. They do, however, sGll 
recommend integraGng the supply chain and explain that there is a lack of correlaGon 
because this process is sGll quite new to SMEs. (Moica et al., 2018) also recommend the 
implementaGon of logisGcs funcGons to respond to the market and extend processes 
towards customers. (Ghobakhloo & Ching, 2019) find that pressure from external 
stakeholders is a discriminator between non-adopters and adopters of digital technologies. 
Likewise, (Sivathanu, 2019) finds that compeGGve pressure is the most influenGal factor in 
the adopGon of IIoT and that support from vendors is important. AddiGonally, (Marouwhani 
et al., 2020) conclude that external support influences the adopGon of big data analyGcs. 
Finally, (Amal Krishnan et al., 2021; Arcidiacono et al., 2019; Spalinger et al., 2019) all find 
that SMEs must collaborate with vendors and customers. Furthermore, it was noGced that 
the literature recommends collaboraGon with both customers and vendors and that no one 
recommends transacGonal endeavours where digital iniGaGves are blindly outsourced in 
one-Gme purchases. This suggests that in all external collaboraGons there should exist a 
learning element for the SME which seeks to develop digital competences in the business 
whenever new digital acGviGes are iniGated. 
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2.3.3.3. Support programmes 
Lastly, some authors recommend that companies should look for external funding sources. 
This can be seen in the papers by (Soluk & Kammerlander, 2021; Spalinger et al., 2019). The 
authors emphasise that SMEs should look for subsidy programmes for ICT adopGon, as these 
programmes can help reduce the costs for SMEs. Finally, (Sriboonlue & Puangpronpitag, 
2019) also highlight that for SMEs with entrepreneurial capabiliGes, private funds are an 
opGon; in this case, well-developed business planning is a part of receiving funding.  

 
Figure 2.7: Rela0onships between environmental themes 

2.4. Recommenda4ons for SMEs 

This review covers many different aspects of Industry 4.0 implementaGon, which raises 
quesGons like the following: Is it be3er to start building rela9onships or to start researching 
the op9mal IT infrastructure? Is it be3er to first focus on competence development rather 
than changing the organisa9onal culture? Based on SecGon 2.3, a set of recommendaGons 
has been extrapolated. These take their origin in "technology" as this domain is the overall 
driver for Industry 4.0 and central to many of the themes described in this review. The 
recommendaGons are anchored in the most clearly linked themes across the domains 
described in this review (SecGon 2.3), visualised in Figure 2.8. These recommendaGons 
assume technology to be the basic enabler, and it should therefore be prioriGsed, as also 
suggested by (Sundberg et al., 2019). To the best of our knowledge, this paper is the first to 
present specific recommendaGons that take this approach while remaining true to the 
exisGng accumulated literature and remaining TOE factors.  

 
Figure 2.8: Anchoring of the recommenda0ons 
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2.4.1. Recommenda5on 1: Priori5se the integra5on of IT systems across the value 
chain 

This review describes the importance of purposeful IT infrastructure where coherent system 
integraGon and efficient informaGon flow supports the business in its core acGviGes (SecGon 
2.3.1.1). From a technical perspecGve, this suggests data integraGon between IT systems 
that allows for the consolidaGon of data from various sources. This should not only take 
place inside the company but should also reach further into the external environment of the 
company where trust and relaGons should be built with stakeholders, with the purpose of 
integraGng IT soluGons and establishing data exchanges. Furthermore, from the secGons, it 
is obvious that building a purposeful IT architecture for a company is something that must 
be done in close collaboraGon with customers and vendors. As highlighted in this review, 
these acGviGes must originate at the strategic level of the business to ensure alignment with 
business goals (SecGon 2.3.1.1 and 2.3.1.3).  

2.4.2. Recommenda5on 2: Develop human capital with competences in knowledge 
explora5on and data analy5cs 

This review describes the importance of collecGng useful data that can be used to support 
business decisions (SecGon 2.3.1.2). Several of the organisaGonal subsecGons describe the 
importance of data-driven decision-making and analyGcs skills. This requires human capital 
that can analyse and understand the potenGal in large amounts of data. This is important, as 
Industry 4.0 is highly data driven. This must take place at both the managerial and 
operaGonal levels of the organisaGon (SecGons 2.3.2.2 and 2.3.2.3). Furthermore, the review 
also highlights the importance of having internal human capital that can develop new 
competences on their own to stay educated about the possibiliGes of new technologies.  

2.4.3. Recommenda5on 3: Explore the possibili5es in exis5ng resources 

In the review, several authors discuss how SMEs can ‘do more with less’ when it comes to 
digitalisaGon iniGaGves (SecGons 2.3.1.2 and 2.3.1.3). Various authors describe how 
companies can exploit the fact that many ‘base’ technologies, with the purpose of collecGng 
data, can be used in low-risk experiments with other technologies to establish their usability 
for the company. Similarly, the authors describe how low-cost proofs of concepts can be 
used for the same purpose. This suggests that companies should make an effort to exploit 
their exisGng infrastructure and resources before engaging in new innovaGons, as this may 
saGsfy their resource constraints more efficiently. This also makes for an interesGng topic for 
further research; however, companies should allocate budgets to explore new technologies 
and opportuniGes (SecGon 2.3.2.5). Yet, exploring exisGng technologies in the company may 
result in stronger business cases, which can help miGgate low trust, which acts as a barrier 
to digitalisaGon. 

2.5. Discussion and future research  

The literature on Industry 4.0 and digitalisaGon iniGaGves in SMEs is undoubtedly rich, yet 
this review manifests some concerns for the typical SME. Generally, it seems that the current 
research and the applied research methods are not fundamentally contribuGng to the 
progression of Industry 4.0 implementaGon in SMEs. While this argument seems bold, there 
is a parGcular need for criGcal assessment of research from the perspecGve of pracGcal and 
industrial applicability (Sundberg et al., 2019). For example, Sundberg et al. (2019) survey 
Swedish companies on digital maturity and conclude that the companies have not 
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implemented anything that resembles Industry 4.0 concepts. In fact, the authors highlight 
that companies tend to score their organisaGonal maturity higher than their technology 
maturity, which indicates that companies tend to believe they are more mature than they 
are. A chasm can thus be empirically established on the discrepancy between mainstream 
academia and industrial pracGces. Engaging in digital iniGaGves inevitably adds to the 
number of acGviGes to which an SME has to a6end and subsequently adds to the load 
within dynamic capabiliGes.  

While digitalisaGon is a long-running process that requires both financial investment and 
competence development, this collides with the fact that SMEs are the fundamental key 
deficiencies of this type of company. SMEs are generally known to be focused on revenue 
and profit generaGon. This means that these organisaGons usually operate in a relaGvely 
lean fashion, in which employees fill mulGple roles, with li6le room for non-direct value-
adding acGviGes. The longevity of digital projects therefore challenges the abiliGes of SMEs, 
as they must develop in numerous domains without compromising their core business 
performance. This puts the SMEs in an impossible situaGon where they must employ or 
develop competences and invest in digital technology that may not yield immediate 
benefits, and which may leave them in vulnerable situaGons. Yet, eventually, the SME is 
forced to develop if it wishes to remain compeGGve.  

Returning to the iniGal premise of this paper, the risk aversion of the typical SME creates a 
vicious circle that must be broken. Hence there is a need for short routes from the 
idenGficaGon of needs to the development and implementaGon of soluGons. While these 
issues are conGnuously highlighted through the reviewed literature, very few papers actually 
a6empt to solve this problem. AddiGonally, there seems to be a noGceable lack of 
interdisciplinary research. Most of the presented papers conduct qualitaGve or quanGtaGve 
research using interviews and surveys to draw conclusions and propose recommendaGons. 
These papers take a snapshot of a specific moment in Gme and analyse the data post-
capture. While this, in most cases, provides valuable insights from organisaGons, it fails to 
fully document the grounded "hows" of digitalisaGon and rarely helps the companies with 
respect to what to do. Building on this premise, it also obstructs the spread of knowledge 
from academia to industry, as the main, current research methods fail to deliver acGonable 
insights to SMEs. To miGgate this, future research must make a targeted effort to reduce this 
gap between academia and industry by bridging knowledge through SME-targeted research.  

A similar point can be found in (Estensoro et al., 2021), who recommend operaGonal 
research on Industry 4.0 implementaGon in SMEs. The authors research SMEs’ transiGon 
towards different stages of Industry 4.0 implementaGon from a resource-based view. Of 354 
SMEs, the authors find that more than half have not effecGvely implemented Industry 4.0 
iniGaGves. Furthermore, more than half of the SMEs that have, have done so without any 
formal process, which manifests the operaGonal perspecGves of SMEs. (Amaral & Peças, 
2021), who demonstrate such methods, argue for more pragmaGc research on Industry 4.0 
in SMEs. Hence, we suggest that future research should study the pracGcal implementaGon 
of digitalisaGon iniGaGves as they progress. Based on the results of this literature review and 
the findings of (Amaral & Peças, 2021) and (Sundberg et al., 2019), we specifically suggest 
prioriGsing pracGcal research on the three recommendaGons from this paper through 
mulGple case studies.  
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Therefore, this literature review finds its novel academic standpoint in recommending a 
shicing research focus to pragmaGc research on how SMEs can iniGate and fully implement 
digital iniGaGves from an applied technology perspecGve. This review has been especially 
dedicated to SMEs from which the contribuGons and future research agenda are derived. 
Future research should explore whether the same recommendaGons and research issues are 
common for larger organisaGons as well.  

The broad set of definiGons of Industry 4.0 and digitalisaGon results in extremely broad 
research topics. This makes it challenging to define exactly what qualifies as Industry 
4.0/digitalisaGon iniGaGves and to decide which other topics to include. During this 
literature review, many different types of papers were encountered. Some papers conduct 
surveys and staGsGcal analyses, while others take more qualitaGve approaches with semi-
structured interviews. It is also challenging to balance business and technology aspects, as 
some papers focus more on one than the other, yet somewhere a line must be drawn. This 
review of recommendaGons for introducing Industry 4.0 iniGaGves in SMEs was structured 
using the three main themes of the TOE framework. These were further divided into 
subcategories to cluster the content of each of the three main themes. This creates a 
taxonomy that steers the direcGon of the research, as the subcategories are derived from 
the data idenGfied for this review. Furthermore, we observed many internal relaGonships in 
the TOE secGons. For example, mulGple subcategories under the ‘OrganisaGon’ category 
treat different aspects of educaGon, which becomes imperaGve for both managers and 
employees and is a prerequisite for changing the organisaGonal culture. Likewise, there are 
also significant overlaps between organisaGonal culture and competence development. 
When studying these a6ributes, it becomes difficult to strictly agree to which category the 
company's ability to educate itself belongs. 

2.6. Conclusion 

This structured literature review sought to answer the following research quesGon: What 
are the current recommenda9ons for adop9ng Industry 4.0 technology in SMEs based on 
contemporary research? To choose the papers to review, a rigorous approach for processing 
metadata was developed. This led to a final dataset of 50 papers for review. From reviewing 
the papers, recommendaGons were extrapolated and grouped into three categories using 
the TOE framework. Within each category, subcategories were developed to cluster the 
content of these categories.  

This led to a total of 11 focus areas, which are strongly interrelated for SMEs to use within 
their own contexts; however, as previous research has emphasised a lack of technology 
focus in SMEs, three recommendaGons have been extrapolated from the focus areas, which 
prioriGse the technological focus areas while respecGng the interdependency to the 
organisaGonal and environmental domains. In short, SMEs should do the following: prioriGse 
the integraGon of IT systems across the value chain, invest in human capital with 
competences in knowledge exploraGon and data analyGcs, and explore possibiliGes in 
exisGng resources.  

These recommendaGons facilitate the SMEs’ need to create an infrastructure through which 
informaGon can flow, like roads and highways for data between informaGon systems. With 
this infrastructure established, there would be a foundaGon for collecGng and analysing data 
from different sources that would allow companies to gain insights from their data. The 
combinaGon of ensuring efficient IT infrastructure and the collecGon and analysis of data 
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allows companies to experiment with digital technologies and explore new opportuniGes 
while minimising risks. This points towards strong interrelaGonships between these three 
disciplines, suggesGng that a single discipline cannot stand alone. Building on these 
recommendaGons, this literature reviews highlights some concerns regarding the 
implementaGon of Industry 4.0 in SMEs. As the overall implementaGon across SMEs is very 
low, this study quesGons the current research methods and points to a discrepancy between 
academia and industry. To correct this, this review suggests adopGng technological and 
pragmaGc research methods to ensure that future research encapsules the enGreGes of how 
SMEs can digitalise their businesses.  
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Chapter 3. Digitaliza;on of maintenance ac;vi;es in small and 
medium-sized enterprises: A conceptual framework  

The following journal arGcle answers RQ2:  

Grooss, O. F. (2024). DigitalizaGon of maintenance acGviGes in small and medium-sized 
enterprises: A conceptual framework. Computers in Industry, 154, 104039. 
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The published version of this paper can be found at this link: 
h6ps://www.sciencedirect.com/science/arGcle/pii/S0166361523001896 

The content of this chapter is directly copied from this paper.  

Abstract: Asset management and digitalizaGon are two Gmely research topics, especially for 
small and medium-sized enterprises (SMEs). SMEs conGnue to struggle with implemenGng 
digital technologies while retaining effecGve asset management processes within 
maintenance and acer-sales service. Therefore, this paper develops a conceptual framework 
that integrates technological and organizaGonal factors for digitalizing maintenance 
processes in SMEs. Furthermore, this paper steps away from the prevalent high-tech 
narraGve, to explore how SMEs pracGcally can implement digital technologies amidst 
common constraints. A focal point of this study is leveraging exisGng technologies and data 
for low-cost opGmizaGons as a pracGcal steppingstone for SMEs, bridging the gap between 
high-tech digital discussions and SMEs' real-world scenarios. The framework addresses three 
theoreGcal challenges in the exisGng literature, drawing on mulGple case studies, and 
employing pragmaGc research methods. It offers a conceptual tool for assessing the digital 
maturity of maintenance processes in SMEs and idenGfying areas for improvement. Based 
on the framework, low-performing domains across the case studies are pinpointed for 
future research. These domains encompass technical competencies within informaGon 
systems, strategic efforts, and human capital within prototyping, and organizaGonal culture 
within digital data collecGon and analysis. 

Keywords: SMEs, Industry 4.0, Maintenance, Digitaliza9on, Digital Maturity 
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3.1. Introduc4on 

While digitalizaGon has been widely researched and discussed for the last decade, there are 
sGll many unclear aspects for especially small and medium-sized enterprises (SMEs). These 
have been proven to generally fall behind in digital transformaGon (Sommer, 2015). While 
the causes for this are listed to be many, most of them leads back to a lack of human capital 
and financial resources (Ma6 & Rauch, 2020; Sommer, 2015).  

The overarching definiGons of "digitalizaGon" and "Industry 4.0" inherently encompass a 
broad range of sub-research areas, spanning from rigorous technical development and 
implementaGon of digital technologies to comprehensive examinaGon of socio-economic 
factors related to the worker experience, business value and impact of technological 
intervenGons (Horváth & Szabó, 2019; Masood & Sonntag, 2020). With this also follows the 
discussion of technology enabling people versus people enabling technology. This discussion 
has briefly been touched upon in previous work (Grooss et al., 2022), where both aspects 
are presented in regard to digital maturity models. In short, as digital maturity models 
struggle with consistency in methods and terminology, focus organizaGonal over 
technological factors, and rely on subjecGve self-reporGng, their validity may conflict with 
more objecGve measures of technological states (Minonne et al., 2018; Sundberg et al., 
2019; Williams & Lang, 2019). It's challenging to determine the correct balance of 
technology and organizaGonal factors, but these points suggest that digital guidance models 
and tools for industrial use should encompass both domains. This conveniently segues into 
addressing three aspects of digitalizaGon research in SMEs.  

The first aspect relates to the lack of research that focus on digitalizaGon of maintenance 
processes in SMEs, including both internal and external asset management. Both carries 
immense importance for SMEs, which can be seen in the extensive research on the 
development of digital technology soluGons for predicGve and prescripGve maintenance 
(Khan et al., 2022; Rastogi et al., 2020; Sang et al., 2020; Welte et al., 2020). Here, high-tech 
concepts such as Internet of Things and Deep Learning are combined to collect digital data 
from producGon equipment to predict failures and prescribe maintenance acGons. While 
much of this research present the technology soluGons, very li6le research focus on their 
implementaGon in the daily operaGons of SMEs, failing to address the interacGon of 
technological and organizaGonal factors. Specifically, (PsarommaGs et al., 2023), who 
conducts a literature review on Maintenance 5.0, suggest future research to enable SMEs to 
achieve advanced maintenance strategies. 

The second aspect relates to the lack of pragmaGc research. Especially for SMEs, pragmaGc 
research has proven valuable within Industry 4.0, as this has proven to generate acGonable 
insights for SMEs, thereby bridging the gap between academia and industry. Examples of 
this can be found in (Amaral & Peças, 2021), who conducted two case studies of 
digitalizaGon in SMEs, where a pragmaGc approach was used to immerse in the companies 
pracGces to best understand them. Also (Ghobakhloo & Ching, 2019) suggest further case-
based research in adopGon of digital technologies in SMEs.  

The last aspect relates to how low-cost implementaGon of digital iniGaGves and exploitaGon 
of exisGng resources can be a significant driver for digitalizaGon in SMEs (Moeuf et al., 2020). 
There are several examples of this in the literature. For example, (Xing et al., 2020) manages 
to develop a low-cost soluGon for machine tool precision monitoring using hobby-grade 
hardware. Also, (Alex et al., 2021) develops a cyber-physical system based on low-cost 
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hardware for state monitoring of a CNC machine and a robot. Lastly, (Amaral & Peças, 2021) 
conclude that companies can exploit exisGng resources to make minor incremental digital 
advancements. (Su et al., 2023) also highlight that SMEs with limited resources can idenGfy 
most important technologies and competences that responds to the market preasure to 
capture opportuniGes. From here, they can adopt technologies that adapt their capabitlies 
and create breakthoughs.  These three aspects collecGvely represent a need for pragmaGc 
research on how SMEs can introduce digital iniGaGves through low-cost prototypes and 
soluGons, with respect to technological and organizaGonal factors. Therefore, the following 
research quesGon is proposed: What are the main organiza3onal and technology factors 
that describes the maturity stages of maintenance ac3vi3es in Small and Medium-sized 
Enterprises (SMEs)? 

3.2. Related work 

3.2.1. Industry 4.0 and digitaliza5on in SMEs 

The idea of "Industry 4.0" started at the 2011 Hannover Fair in Germany (Masood & 
Sonntag, 2020; Ma6 & Rauch, 2020). It introduced a new paradigm where the 
implementaGon of various digital technologies connects products and processes and 
enables total inter-connecGvity (Ma6 & Rauch, 2020). Digital technologies such as Internet 
of Things (IoT), ArGficial Intelligence (AI) and Cloud CompuGng would harvest and leverage 
data for improving business processes, developing new products and offer novel services 
(Masood & Sonntag, 2020; Ma6 & Rauch, 2020; Sang et al., 2020).  

However, Small and Medium-sized Enterprises (SMEs) ocen struggle with this transiGon due 
to limited funds and lack of necessary skills to implement digital technologies (Masood & 
Sonntag, 2020; Sommer, 2015). The cost of digital transformaGon can be high, and the 
experGse needed is ocen not present within these smaller firms, making the 
implementaGon of digital technologies difficult. Previous research has suggested less 
complex technology soluGons to ba6le this (Amaral & Peças, 2021; Hansen & Bøgh, 2021). 
These are less expensive and provide a chance for organizaGons to learn and build their 
digital skills gradually. By starGng with simpler tech soluGons, SMEs can slowly learn, adapt, 
and grow towards more advanced digital soluGons as their financial situaGon improves and 
they gain more experGse over Gme (Amaral & Peças, 2021). 

AddiGonally, guidelines and helpful insights are being developed to support SMEs in bridging 
the digital gap, which will be presented in the following sub-secGons.  

3.2.1.1. Strategic Alignment 
Previous literature has highlighted the importance of aligning technology iniGaGves with 
strategic iniGaGves to ensure a common understanding of these (Soluk & Kammerlander, 
2021). This alignment can be achieved through a number of ways, but the main purpose is 
to develop a common vocabulary that can be used to communicate iniGaGves across the 
organizaGon (Siemen et al., 2018). Much of the literature discuss this in terms of strategy 
formulaGon, either as part of business strategies or as standalone digital and/or innovaGon 
strategies, that aligns with the organizaGon (Bär et al., 2018; Moeuf et al., 2020; Nwaiwu et 
al., 2020). (Bendig et al., 2023) invesGgates how digital strategy can impact the company's 
digital orientaGon on its evnironmental performance. The paper uses Environmental, social 
and corporate governance (ESG), employee review, and technological turbulance data 
derived from company datasets to establish measurements that describes relaGonships 
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between digital orientaGon and enviromental performance and finds that strategic digital 
orientaGon has a posiGve impact on environmental performance.  

Expanding upon this, although from a different perspecGve, some similariGes can be found 
in the technological factors. Here, the preparaGon and opGmizaGon of informaGon system 
infrastructure is repeatedly highlighted as a clear priority of acGon for SMEs (AgosGni & 
Nosella, 2019; Jayashree et al., 2021; Subramanian et al., 2021). This insinuates a clear link 
to strategic factors, as technology infrastructure decisions ocen take place on higher levels 
of the organizaGon. These Ges can also be idenGfied within data collecGon and analysis. 
Here, several authors highlight the importance of company-wide data-driven decision-
making and the leverage of data and data technologies (Du6a et al., 2020; Ghobakhloo & 
Ching, 2019; Sivathanu, 2019), which likewise implies the need for a coordinated effort. 
SimilariGes from strategic alignment can also be observed within the literature that discuss 
the use of experimentaGon and prototypes in digital technologies. Specifically, a6enGon is 
brought to risk miGgaGon and reducGon of uncertainGes through trials and pilot projects 
(Hamzeh et al., 2018; Marouwhani et al., 2020; Welte et al., 2020).  

3.2.1.2. Human Capital 
Human capital has been credited as one of the most important factors for introducing digital 
iniGaGves (Gonzalez-Tamayo et al., 2023; PsarommaGs et al., 2023). Especially, 
"technological self-efficacy" is highlighted, as the self-capability of acquiring and managing 
knowledge within digital technologies are within the most influenGal factors (Gamache et 
al., 2020; Naushad & Sulphey, 2020; Roblek et al., 2021). However, from a technology 
perspecGve, this may require some higher granulaGon. Here, the literature that discuss 
system integraGon also considers technology in an organizaGonal context, which implies that 
human capital should exceed technical development capabiliGes, but also represent 
conceptual understanding of the technology in use (AgosGni & Nosella, 2019; Narwane et 
al., 2020; Nwaiwu et al., 2020). This same disGncGon between conceptual and technical 
capabiliGes can also be observed within data collecGon and analysis, where some authors 
discuss development and deployment of technologies (Du6a et al., 2020; Ghobakhloo & 
Ching, 2019; Ricci et al., 2021), where others discuss leverage of data for business purposes 
(Jiwangkura et al., 2020; Sivathanu, 2019). 

3.2.1.3. Organiza3onal Culture 
Several authors have highlight, organizaGonal culture that embraces innovaGon, change and 
learning as a prerequisite for enduring digital iniGaGves. This has in some instances been 
translated to having a "digital culture" (Hamzeh et al., 2018; Roblek et al., 2021; Tortora et 
al., 2021). (Leal-Rodríguez et al., 2023) invesGgates the relaGonship between people, 
innovaGon, goals, and norms culture and digital culture, through surveying 285 respondents 
from 50 companies. The paper finds that people-oriented culture is the most facilitaGng 
factor for digital culture, while norms and goals culture obstructs it. This also means that 
employee resistance or misbehavior can act as significant barriers to digital iniGaGves (Soluk 
& Kammerlander, 2021; Welte et al., 2020). From a technology perspecGve, this would relate 
to the willingness to adapt and adhere to structures and compliance (AgosGni & Nosella, 
2019; Narwane et al., 2020). Data collecGon and analysis likewise Ges to organizaGonal 
culture. Here, authors discuss the collecGng and leveraging data to advance into data-driven 
decision-making as a prerequisite to achieve agility and market responsiveness (Ghobakhloo 
& Ching, 2019; Jiwangkura et al., 2020). 
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3.2.1.4. Management Support and Leadership 
Support from management and strong leadership has been highlighted by several authors as 
imperaGve for success with digital iniGaGves (AgosGni & Nosella, 2019; Gamache et al., 
2020; Marouwhani et al., 2020). In general, the literature highlights two aspects of this. The 
first relates to the managers ability to educate themselves on how to manage digital 
technologies (Annosi et al., 2019; Cimini et al., 2021; Elecheriadis & Myklebust, 2018). The 
second relates to the presence and manifestaGon of commitment to projects from 
management. (AgosGni & Nosella, 2019; Moeuf et al., 2020). Within data collecGon and 
analysis, the connecGon to management support and leadership can also be recognized 
through the need for understanding leveraging data for decision making (Du6a et al., 2020; 
Sivathanu, 2019). 

3.2.1.5. Financial Expecta3ons 
The literature consensus on the fact that all digital iniGaGves require some level of financial 
resource allocaGon. While this is one of the main issues of digitalizaGon in SMEs, any 
iniGaGve is associated with a cost, which must be recognized. Within system integraGon, this 
is mainly associated with allocaGng financial resources for opGmizing informaGon flows and 
IT infrastructure (Ghobakhloo & Ching, 2019; Jayashree et al., 2021). Within data collecGon 
and analysis, financial expectaGons relate to the costs associated with deployment of data 
collecGon mechanisms and analysis plaLorms, which are imperaGve for digital iniGaGves 
(Du6a et al., 2020). 

3.2.2. Asset Management in SMEs 

Asset management is a crucial pracGce for Small and Medium-sized Enterprises (SMEs) in 
the tradiGonal manufacturing sector, encompassing a range of acGviGes aimed at maximizing 
the value of physical assets throughout their lifecycle (MaleGč et al., 2020; Tortorella et al., 
2022). This is parGcularly vital in the realms of internal maintenance and acer-sales service, 
which are essenGal for ensuring operaGonal efficiency and customer saGsfacGon (Pagalday 
et al., 2018). 

EffecGve asset management enables manufacturing SMEs to maintain their equipment in 
opGmal working condiGon, which is fundamental for ensuring operaGonal efficiency (MaleGč 
et al., 2020). By scheduling regular maintenance acGviGes, SMEs can prevent unexpected 
breakdowns and minimize downGme, thereby maintaining a steady producGon flow 
(Tortorella et al., 2022). Moreover, by invesGng in preventaGve maintenance as part of asset 
management, SMEs can extend the life of their machinery, reducing the costs associated 
with repairs and replacements (MaleGč et al., 2020). On the other hand, providing prompt 
and effecGve acer-sales service is a cornerstone for building strong customer relaGonships 
and represents an opportunity for revenue generaGon (de la Fuente et al., 2018; Pagalday et 
al., 2018). By offering maintenance contracts, spare parts, or upgrades, SMEs can create a 
steady stream of income post-sale. EffecGve asset management ensures that resources are 
available to support these services, contribuGng directly to profit (Pagalday et al., 2018; 
Tortorella et al., 2022). Moreover, acer-sales service interacGons provide valuable feedback 
which, when fed into an asset management system, can inform conGnuous improvement 
efforts (de la Fuente et al., 2018). Through a structured approach to asset management, 
tradiGonal manufacturing SMEs can significantly benefit by ensuring smooth internal 
operaGons and offering superior acer-sales service, thereby achieving a sustainable 
compeGGve advantage in the market (MaleGč et al., 2020; Pagalday et al., 2018). 
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At the same Gme Asset Management be a costly, as it is extremely informaGon intensive, 
why developing informaGon system architectures for this is a difficult process (de la Fuente 
et al., 2018; MaleGč et al., 2020; Pagalday et al., 2018). Especially for manufacturing 
companies, the contemporary focus on digital transformaGon within the industrial paradigm 
has introduced a wide array of digital technologies with the promise of revoluGonizing what 
are criGcal and costly business processes (Bona et al., 2021; Rastogi et al., 2020). As part of 
the "4.0" wave, this has been described as "Maintenance 4.0" and "Service 4.0" (Pagalday et 
al., 2018; Tortorella et al., 2022).  

This paper posiGons itself in the area of digitalizing maintenance acGviGes, moving away 
from the common high-tech focus that mainly discusses the performance of advanced 
soluGons. Instead, it dives into the pracGcal aspect of how SMEs implement digital 
technologies, considering the usual constraints they encounter. A key perspecGve of this 
study is on using exisGng technologies and data for low-cost opGmizaGons, providing a 
starGng point for SMEs. This approach not only fits the resource limits of SMEs but also sets 
a pracGcal foundaGon for further digital advancement. By doing so, this study provides novel 
insight into how SMEs can be6er approach the implementaGon of new digital technologies 
in maintenance acGviGes—an area crucial for their business operaGons. Through this 
pracGcal approach, the study aims to connect the high-tech digital discussions with the real-
world situaGons of SMEs, fostering a dialogue that aligns with the pracGcal goals and 
abiliGes of these enterprises. 

3.3. Methodology 

This paper employs cross-case analysis methodology across four individual case studies in 
Danish SMEs. The primary objecGve of these case studies is to determine how companies 
can harness their informaGon systems and data for the digitalizaGon of maintenance 
processes through prototyping. The cases were chosen because they manufacture and sell 
physical products and maintain equipment, either internally or as post-sale service. Two case 
studies were selected for each model. Furthermore, the case companies must be SMEs, by 
definiGon of the European Commission measured in number of employees (Commission, 
2015).  

The case studies were conducted using an acGon research approach, wherein each case was 
analyzed by addressing a specific issue relevant to the context of the individual case 
company. This approach was based on a three-step process derived from (Azhar et al., 
2010), which includes: problem diagnosis, planning and taking acGon, and evaluaGon and 
learning. Similar approaches have previously been used within the field (Mantravadi et al., 
2023; Ordieres-Meré et al., 2023; Yilmaz et al., 2023).  

The iniGal step involved comprehending the business context of the case company and 
pinpoinGng a problem that needed resoluGon. This entailed conducGng interviews and 
workshops where various stakeholders involved in maintenance processes would outline 
their business operaGons and any challenges encountered therein. Subsequently, 
discussions were held on how data and digital technologies could miGgate these challenges, 
and a consensus was reached on the scope of the problem-solving effort. The subsequent 
step entailed examining the company's data foundaGon and informaGon system 
infrastructure to pinpoint areas for improvement. Following this, an artefact was created to 
resolve the scoped problem, primarily uGlizing the case company's exisGng resources. In the 
final step, the case company assessed the artefact's outcome, which would either lead to a 
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revision of the artefact through the cycle or cessaGon of the process based on the artefact 
performance. It is important to emphasize that this paper focus on the outcome of the 
process and not the performance of the artefacts. Each case study was conducted over 
approximately 3 months. 

The empirical data collecGon itself was mulG-faceted. Formal interviews were conducted, 
recorded, and transcribed. However, given the dynamic nature of SME operaGons, a 
significant porGon of the data was also gleaned from informal interacGons, such as 
spontaneous calls and on-site discussions. These were documented in note form. 
AddiGonally, observaGonal data from informaGon systems, databases and business 
documents enriched the research, providing nuanced insights into the pracGcal aspects of 
digitalizaGon in these enterprises.  

While the profiles of the stakeholders varied across cases, care was taken to ensure 
representaGon from both the operaGonal (operators/technicians) and managerial levels. The 
primary criterion for selecGng these individuals was their profound understanding of the 
business context. Therefore, it was ensured that the parGcipants were experienced 
individuals within their respecGve companies, possessing a deep understanding of the 
business dynamics and challenges. See Table 3.1 for more details on the case companies.  

All collected data underwent themaGc coding and was systemaGcally categorized based on 
the five organizaGonal categories idenGfied from the related work and three technological 
factors: System IntegraGon and InformaGon Flow (SI&IF), Digital Data CollecGon and Analysis 
(DDCA) and Low-cost Proof-of-Concept (LC-PoC). This structured approach not only 
facilitates a comparaGve analysis across the case studies but also highlights pa6erns and 
themes. From here, maturity levels within each themaGc code are developed by contrasGng 
the findings from across the four case studies. 
Table 3.1: Overview of case companies and interviewees 

Case Category Industry No. of 
employees 

No. of structured 
interviews 

Main Stakeholder 
Interviewees 

Artefact 

CASE1 Internal 
maintenance 

Injection 
Molding 

80 4 Maintenance manager, 
Production planner, 

Maintenance operator 

Digital maintenance 
planning board using 
existing production data 
to estimate next 
maintenance dates. 

CASE2 After-sales 
service  

Container 
Cranes 

114 5 Department Manager, 
Maintenance Manager, 

Maintenance operator 
(electrical), Maintenance 
operator (Mechanical) 

Smartphone application 
using PLC data to warn 
operators about 
upcoming failures. 

CASE3 After-sales 
service  

Perimeter 
Fencing 
Systems 

150 5 Technical Manager, 
Technical support, IT 
Specialist, Technician 

Improvement of data 
quality across information 
systems 

CASE4 Internal 
maintenance 

Furniture 100 4 Factory Manager, 
Maintenance Manager, 
Maintenance operator, 
Production planner 

Digital maintenance 
planning board using 
existing production data 
to estimate next 
maintenance dates. 
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3.4. Results 

3.4.1. Strategic Alignment 

Across the case companies, li6le a6enGon was brought to strategic alignment. From a SI&IF 
perspecGve, all companies had established informaGon systems based on business process 
requirements. For some processes spreadsheets or other feral informaGon systems were 
used to fulfil otherwise not met needs. This was generally accepted by managements, and 
despite acknowledging the need for streamlining, this was not given significant strategic 
a6enGon. However, in Case1 and Case3, management both expressed interest in keeping 
Enterprise Resource Planning (ERP) systems as close to the standardized soluGons as 
possible and avoid customizaGons to miGgate upgrading difficulGes or vendor lock-ins.  

"We aim to keep our ERP as close to standard as possible, maybe 95%, so 
we are not suddenly locked to one vendor, because they did a lot of special 

customiza9ons" - Produc9on planner, Case1 

This was strongly expressed in Case3, where management were working on scaling an IoT 
soluGon to their products to be able to offer new service contracts and value proposiGon to 
exisGng customers.  

From a DDCA perspecGve, Case2 and Case3 were acGvely pursuing strategic efforts within 
data collecGon and analysis. Case2 through an innovaGon project on data collecGon from 
container cranes to explore future gains from these, and Case3 through their IoT project and 
an upgrade of the Field Service Management system. In Case1, there was some a6enGon to 
digital data collecGon from injecGon molds, but this was only at a planning stage with no on-
going acGviGes. Case4 also had plans for improving data collecGon from the producGon 
lines, but no iniGaGves were started.  

Across the case companies, very li6le targeted a6enGon was given towards LC-PoC. For 
Case1 and Case3 there was a generally strategy of making do with what was available, but 
this was on a very sporadic level and was not formulated in any strategic documentaGon.  

3.4.2. Human Capital 

Generally, the case companies showed low degrees of technical competences. From a SI&IF 
perspecGve, all case companies would completely outsource all informaGon system 
development to external partners. This was mainly related to all the companies using 
commercially available informaGon systems and technologies for all business-criGcal 
processes, where adapGons would be developed and implemented by the informaGon 
system vendor or external service partners. Instead, conceptual competences were more 
dominant. In Case3, an administraGve quality manager was allocated to opGmizing 
administraGve processes and the use of informaGon systems. The quality manager would 
not develop new funcGonaliGes but would manage external developers. The quality 
manager would collaborate with system vendors to ensure that system funcGonaliGes would 
support the organizaGon well. Similar showed across the other case companies, where 
understanding of business processes was more relevant than technical competences. Similar 
conceptual competences were recognized in Case1 and Case2, where the there was a high 
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degree of conceptual understanding of how informaGon systems could generally be 
improved to be6er support the business. Contrarily, in Case4, where the users were much 
less focused on how the systems could be improved.  

This differed some from the DDCA perspecGve. Here, technical competences for data 
collecGon were observed in Case2 and Case3. In Case 2, a few electricians were very well 
versed in configuring PLC controllers for data collecGon, which was ocen used for idenGfying 
errors on the systems. Case3 also had a small department for developing new alarm 
soluGons, where a few technicians would develop new product offering using different off-
the-shelf soluGons. Conceptual competences were observed in Case1 and Case2 where 
different employees and managers would have numerous specific ideas for data that could 
be interesGng to collect and how these could benefit maintenance processes.  

"I do have a lot of ideas for how we can use the different systems be3er in 
the business" - Maintenance Manager, Case2 

This was less specific in Case3, where managers were aware that more data could be 
collected, but they were considerably less specific when discussing potenGal use cases. 
Generally, the value of data was known, but the topic was discussed on a far more abstract 
level. Case4 reflected both of these scenarios. Here, the factory manager was highly aware 
about how collecGng more data from producGon equipment, would allow for more accurate 
calculaGons of Overall Equipment Efficiency (OEE), which was a strategic focus point for the 
factory. However, outside these strategic KPIs, the manager expressed much less interest or 
knowledge development of data exploitaGon.  

Within LC-PoC, conceptual competences and knowledge development were specifically 
noGceable in Case2, where the external innovaGon partner was assisGng the company in 
developing new digital iniGaGves, with the aim of transferring knowledge into the company. 
Vice versa, this was much less present in Case4, who was much more operaGonally focused, 
which lec very li6le Gme for exploraGon and development of digital iniGaGves. Case4 did 
have an employee working specifically with conGnuous improvement, but this was much 
more focused on tradiGonal LEAN opGmizaGon than implementaGon of digital iniGaGves. Of 
all the case companies, only Case3 possessed some internal technical competences within 
low-code plaLorms, where Case2 would have them externally. For Case3, this was mainly 
rooted in two student workers, working to educate themselves on the use of a low-code 
business intelligence plaLorm, which was previously fully managed by external consultants.  

3.4.3. Organiza5onal Culture 

The observaGons from the case companies within organizaGonal culture showed some 
granularity in form of change and behavior. From a SI&IF perspecGve, the case companies 
showed different examples of adherence to established processes. In Case3, a business unit 
would use a spreadsheet to record business criGcal informaGon, rather than using the 
supported ERP system. This meant that some important data would not be transferred to 
the ERP system. In this case, the users of the spreadsheet were happy to convert using the 
ERP system, but this was blocked by the order of operaGons between the informaGon flow 
and the system capabiliGes. In Case1, two different operators would register the same errors 
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in two different systems. One operator had developed a spreadsheet due to lack of 
knowledge on how to use the ERP system, which caused the double work. However, both 
operators were open for improving this workflow, to make it more efficient. Contrarily, in 
Case2, a maintenance management system intended for managing and describing work 
orders, was only used to register work Gme for paycheck purposes. Being aware that this 
was not ideal, the technicians reported that they ocen would request a be6er system for 
this, indicaGng some leniency to change. However, the system was able to register this 
informaGon, but the technicians found that the system was too unintuiGve and that it took 
too long to input the informaGon, causing this to be disregarded.  

From a DDCA perspecGve, the misuse of the system meant that important root cause and 
repair descripGons for the equipment were not registered. This meant that there was no 
data describing when and why systems would malfuncGon. In this case, there was a very 
strong resistance towards change, as the technicians were uncomfortable spending more 
Gme reporGng data. This was mainly related to the technicians wanGng to use their Gme 
efficiently for opGmizing equipment uGlizaGon. In Case3, technicians would wrongly assign 
consumed resources to work orders, causing incorrect service history on customer assets. 
Also, here some resistance was present, as doing it incorrectly was faster and would leave 
more Gme for doing the actual services. Contrary, in the administraGve business units of 
Case3, change was requested and embraced, as the quality of the data would influence the 
quality of their work. Here, the IT manager also recognized that inefficient informaGon 
systems caused poor data management behavior among technicians.  

"It's faster to just assign the consumables to whatever facility is on the top 
of the service list, instead of finding the correct one, so I can get on with 

my day." - Service Technicians, Case3 

Case4 was also influenced by resistance to changing behavior on the shop floor. In this case, 
producGon equipment was intenGonally configured to allow for higher variaGon in cycle and 
stop Gmes, to prevent equipment raising error messages for the operators to report. This 
was the result of operators’ complaints of reporGng too much informaGon too frequently. 
Yet also in this case, the administraGve business units were more recepGve to improving 
data quality, as it would directly influence the quality of their work.  

These adapGon and adherence themes were also recognized from a LC-PoC perspecGve.  
From the cases, very li6le prototyping was done across the board. Instead, the companies 
would engage with external providers to adapt commercially available informaGon systems 
to meet organizaGonal needs. As a small excepGon, Case2 used external innovaGon partners 
to innovate on processes through digitalizaGon. The conGnuous presence and efforts by 
these partners resulted in increasing requests from operators and technicians based on 
previous results. However, across the case studies, well-funcGoning, operaGonal prototypes 
were generally well-received and raised new suggesGons and requests for addiGonal 
soluGons.  
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3.4.4. Management Support and Leadership 

Within Management Support and Leadership, there was some granularity found within 
managing technologies and communicaGon. From a SI&IF perspecGve, this was evident in 
Case2 where the manager was highly moGvated working with digital iniGaGves and was 
capable of independently acquiring knowledge on specific technologies. This allowed the 
manager to parGcipate in workshops with external consultants and ensure that business 
requirements were correctly translated for developers. Specifically, the manager was explicit 
on how the unintended use of the maintenance management system was significantly 
hindering the daily operaGons and the quality of the accumulated data pool. The manager 
generally showed understanding of the consequences of the use of informaGon systems and 
how these could be improved. However, this knowledge was rather limited to exisGng 
informaGon systems in use and not towards alternaGves. The manager was also very 
communicaGve about digital iniGaGves and was constantly manifesGng the need for 
digitalizaGon by expressing confidence in their success. On the contrary, the manager in 
Case4 was far less invested in acquisiGon of knowledge about informaGon systems. It was 
unclear if this was due to the capabiliGes of the manager or simply a ma6er of allocaGon of 
Gme, but the manager was very explicit about not being able to make decisions about which 
digital technologies to engage in. Specifically, the manager was interested in implemenGng a 
maintenance management system but felt insecure in deciding on a plaLorm.  

"I can easily see that we need a maintenance management system and a 
new packaging line, but I can just not tell what would be right for us" - 

Factory Manager, Case4 

A similar disGncGon was clear from a DDCA perspecGve. In Case3, the management would 
ocen present ideas of new iniGaGves based on yet uncollected data. While most ideas would 
require significant technical effort, they expressed understanding how the data could benefit 
the business. SimilariGes could be observed in Case1, where the manager had a high interest 
in using company data for process opGmizaGon, which allowed for idea generaGon of future 
use cases. Contrarily, the manager at Case4 was less invested in data outside the corporate 
KPIs and was mainly focused on how to improve them, while new data collecGon iniGaGves 
were not encouraged.  

Finally, management and support of technologies could also be recognized from a LC-PoC 
perspecGve. In Case1, Cas2, and Case3 management were very supporGve of developing 
low-cost prototypes of ideas, to test their potenGal. In all cases, the prospect of potenGally 
developing operaGonal tools using low-code plaLorms and exisGng data, was enough for the 
managers to support the ideas.  

3.4.5. Financial Expecta5ons 

From a SI&IF perspecGve, there was a general consensus among the case companies that 
developing system integraGons or changes to system funcGonaliGes comes with costs of 
development and implementaGon. Here, the companies were very aware of these costs, 
which is likely to be related to this being managed by external consultants, which eventually 
invoice their work. AllocaGon of financial resources was most ocen done based on cost-
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benefit analyses of individual iniGaGves, meaning that a new funcGonality would only be 
developed for a system, if it were to provide a return on investment. Case2 stood out from 
this as their strategic partnership with the external consultants, were based more on an 
arbitrary expectaGon of eventually achieving some return on investment, rather than a 
clear-cut business case. Oppositely, Case4 had a much more cost focused view on this. Here, 
there was a clear need for a system integraGon which required a larger investment to allow 
for calculaGng OEE correctly in the factory. This was in high demand from management and 
also had a healthy business case. Despite this, it was not possible to get the investment 
approved by management, yet they would sGll unrealisGcally request the KPIs. 

"I know that I need this integra9on [between two informa9on systems] to 
get this data, but I cannot get the money to make it. I have told 

management this, but they s9ll just want the numbers". Factory Manager, 
Case4   

The same was recognized from a DDCA perspecGve. Here, Case3 stood out with having a 
strategic iniGaGve of collecGng and analyzing data through their newly acquired IoT 
plaLorm, for which a substanGal financial investment had to be made, without assurance of 
results. Lastly, the need for financial resource allocaGon could likewise be recognized from a 
LC-PoC perspecGve. This was primarily observed in Case2, with the biggest allocaGon for 
such acGviGes. Yet, Case1 and Case3 also provided access to remote desktop environments 
and necessary socware licenses for prototyping development, being relaGvely low-cost.  

3.5. Framework development 

Based on the acquired knowledge from the case studies and the established literature, a 
conceptual framework can be developed (Figure 3.1). The framework describes how 
technological and organizaGonal factors facilitate the digitalizaGon of maintenance processes 
in SMEs. The framework proposes an alternaGve view to digital maturity and consider 
organizaGonal factors as integrated parts of the individual technological domains. By doing 
so, the state of technological factors can be evaluated through organizaGonal topics, which 
can help SMEs idenGfy improvement areas within digitalizaGon of maintenance acGviGes. 
The following secGons will granulate these domains and maturity stages based on the 
results.  
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Figure 3.1: Visualiza0on of how the literature and the empirical data contributes to the framework 

Based on the empirical work and the literature, the following levels within a single sub-
category, "Strategic Effort", can been developed (Table 3.2). In the SI&IF technology domain, 
Strategic Effort represent the degree of strategic a6enGon towards improving system 
integraGons and informaGon flows. In the DDCA technology domain, Strategic Effort 
represent a6enGon to strategically uGlizing digital data collecGon and analysis to improve 
key value proposiGons and opGmize business processes. Lastly, in the LC-PoC technology 
domain, Strategic Effort represent the a6enGon to exploiGng and uGlizing exisGng resources 
and digital technologies to generate knowledge about digitalizaGon in the organizaGon.  
Table 3.2: Overview of Strategic Alignment sub-domains and their granulari0es. 

 Strategic Alignment Level 1 - Low Level 2 - Medium Level 3 - High 

System 
Integration 
and 
Information 
Flow 

Strategic 
Effort 

There are no planned strategic 
initiatives for improving system 
integration and information 
flows 

There are planned strategic 
initiatives for improving system 
integration and information 
flows but there are no on-going 
activities 

There are planned strategic 
initiatives for improving system 
integration and information flows 
and there are on-going activities 

Digital Data 
Collection 
and 
Analysis 

Strategic 
Effort 

There are no planned strategic 
initiatives for improving for 
digital data collection and 
analysis 

There are planned strategic 
initiatives for improving digital 
data collection and analysis but 
there are no on-going activities 

There are planned strategic 
initiatives for improving digital 
data collection and analysis and 
there are on-going activities 

Low-Cost 
Proof-of-
Concepts 

Strategic 
Effort 

There are no planned strategic 
initiatives for engaging in 
experimentation and 
prototyping using already 
existing digital technologies. 

There are planned strategic 
initiatives for engaging in 
experimentation and 
prototyping using already 
existing digital technologies but 
there are no ongoing activities 

There are planned strategic 
initiatives for engaging in 
experimentation and prototyping 
using already existing digital 
technologies and there are 
ongoing activities 

 

The Human Capital domain has been divided into three sub-categories: "Conceptual 
Competences" and "Technical Competences" (Table 3.3). In the SI&IF technology domain, 
conceptual competences represent knowledge of the use of informaGon systems and how 

Management Support and Leadership
(Management of Technology & Communication)

Strategic Alignment
(Strategic Effort)

Financial Expectations
(Financial Resource Allocation)

Human Capital
(Technical & Conceptual Competences)

Organizational Culture
(Behavior and Change)

System Integration and Information Flow

Digital Data Collection and Analysis

Low-Cost Proof-of-Concepts Level 1

Level 2

Level 3

Organizational factors

Technological factors Maturity levels
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they should funcGon to operate most effecGvely for the organizaGon. Technical competences 
represent the degree of development competences within informaGon systems. In the DDCA 
technology domain, conceptual competences represent how data can be collected and used 
to benefit the organizaGon. Technical competences represent development of digital data 
collecGon mechanisms, such as deployment of IoT devices, and data analyGcs skills. Lastly, in 
the LC-PoC technology domain, conceptual capabiliGes represent the creaGve innovaGon 
capabiliGes in the organizaGon. Here, technical capabiliGes specifically represent capabiliGes 
within low-code plaLorm development. This was found as operaGonal prototypes across the 
cases could be developed using low-code plaLorms already integrated in the companies IT 
infrastructure.  
Table 3.3: Overview of Human Capital sub-domains and their granulari0es. 

Human Capital Level 1 - Low Level 2 - Medium Level 3 - High 

System 
Integration 
and 
Information 
Flow 

Conceptual 
Competences 

Little or no conceptual 
understanding of information 
systems use 

Some conceptual knowledge 
within main information 
systems in use 

Strong conceptual 
understanding of all 
information systems in use 

Technical 
Competences 

Little or no technical 
competences within 
information system 
development 

Some technical development 
competences within main 
information systems  

Strong technical development 
competences within most 
information systems in use 

Digital Data 
Collection 
and 
Analysis 

Conceptual 
Competences 

No conceptual understanding 
of how data can be digitally 
collected and utilized in the 
organization 

Some conceptual 
understanding of how data can 
be digitally collected and 
utilized in the organization 

Strong conceptual 
understanding of how data can 
be digitally collected and 
utilized in the organization 

Technical 
Competences 

No technical competences in 
systematically developing 
digital data collection 
mechanisms nor analysing data 

Some technical competences in 
systematically developing 
digital data collection 
mechanisms and analysing data 

Strong technical competences 
in systematically developing 
digital data collection 
mechanisms and analysing data 

Low-Cost 
Proof-of-
Concepts 

Conceptual 
Competences 

No innovation competences 
across the organization  

Sporadic innovation 
competences across the 
organization 

Widespread innovation 
competences in the 
organization 

Technical 
Competences 

No low-code competences in 
the organization 

Limited low-code competences 
in the organization 

Experienced low-code 
competences in the 
organization 

Through the case studies two areas stood out, "Behavior" and "Change" (Table 3.4). Where 
Behavior represents the level adherence to guidelines and best-pracGces in the use of 
technologies and processes. Change represents the inclinaGon to change behavior in the 
interacGon with these. This disGncGon is important, as some employees may not adhere to a 
certain process, but as a result of lack of knowledge, rather than simply out of principle. In 
the SI&IF technology domain "Behavior" represents the intendedness of the use of 
informaGon systems, where "Change" represents the willingness to change this use. This 
was especially noGceable in Case1, Case2, and Case3, which all had cases where informaGon 
systems were used unintenGonally. In the DDCA technology domain, Behavior represents the 
degree to which employees gather reliable data from processes, where Change represents 
the willingness to collect more and/or be6er data. In the LC-PoC technology domain, 
Behavior represents the degree to which employees engage in experimentaGon and 
prototyping using digital technologies, where Change represents the willingness to engage 
more.  
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Table 3.4: Overview of Organiza0onal Culture sub-domains and their granulari0es. 

Organizational Culture Level 1 - Low Level 2 - Medium Level 3 - High 

System 
Integration and 
Information 
Flow 

Behaviour Information systems are not 
used as intended  

Information systems are mostly 
used as intended, but with 
some deviation 

Information systems are used 
as intended 

Change Employees are resistant to 
change within information 
flows and information systems 

Employees tolerate change 
within information flows and 
information systems 

Employees embrace change 
within in information flows and 
information systems 

Digital Data 
Collection and 
Analysis 

Behaviour Necessary data are unreliably 
measured and/or reported 
with low accuracy 

Necessary data are reliably 
measured and/or reported with 
high accuracy  

Necessary data and additional 
data are reliably measure 
and/or reported with high 
accuracy 

Change Employees are resistant to 
change within data collection 
and analysis 

Employees tolerate data 
collection and analysis 

Employees embrace data 
collection and analysis 

Low-Cost Proof-
of-Concepts 

Behaviour Employees do not request and 
encourage experimentation 
and prototyping using digital 
technologies 

Employees occasionally request 
and encourage 
experimentation and 
prototyping using digital 
technologies 

Employees continuously 
request and encourage 
experimentation and 
prototyping using digital 
technologies 

Change Employees are resistant to 
experimentation and 
prototyping 

Employees tolerate 
experimentation and 
prototyping 

Employees embrace 
experimentation and 
prototyping 

From the case studies it was clear that there was a difference between how managers would 
discuss digital technologies and how they would manage the implementaGon of these. 
Therefore, the Management Support and Leadership domain has been divided into two sub-
categories: "Management of Technology" and "CommunicaGon" (Table 3.5). The 
Management of Technology category represents the managers knowledge of digital 
technologies and their abiliGes to educate themselves on how to manage their 
implementaGon, where CommunicaGon represent how management communicates digital 
iniGaGves to the rest of the organizaGon. In the SI&IF technology domain, Management of 
Technology represents the ability to manage and educate themselves on the use of 
informaGon system for their organizaGon. In the DDCA technology domain, Management of 
Technology represents the knowledge of how data and data analyGcs can benefit the 
organizaGon, where CommunicaGon represents the encouragement to uGlize data and data 
analyGcs in the organizaGon. In the LC-PoC technology domain, Management of Technology 
represents the understanding of how experimentaGon and prototyping using digital 
technologies can benefit the organizaGon. 
Table 3.5: Overview of Management Support and Leadership sub-domains and their granulari0es. 

Management Support and Leadership Level 1 - Low Level 2 - Medium Level 3 - High 

System 
Integration and 
Information 
Flow 

Management of 
Technology 

Management is 
unaware of how 
information system 
development can 
benefit the organization 

Management only have 
understanding of managing a 
specific array of information 
systems 

Management continuously 
educate themselves in the use 
and implementation of 
information systems 

Communication 
No encouragement of 
information system 
improvements 

Sporadic encouragement of 
information system 
improvements within specific 
domains 

Strong encouragement of 
information system 
improvements across all 
domains 
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Digital Data 
Collection and 
Analysis 

Management of 
Technology 

Management is 
unaware of how digital 
data collection and 
analysis technologies 
can benefit the 
organization 

Management have limited 
understanding of how digital 
data collection and analysis 
technologies can benefit the 
organization 

Management continuously 
educate themselves in how the 
use of digital data collection 
and analysis technologies can 
benefit the organization 

Communication 

No encouragement of 
digital data collection 
and analysis 
technologies 

Sporadic encouragement of  
digital data collection and 
analysis technologies within 
specific domains 

Continuous encouragement of  
digital data collection and 
analysis technologies across all 
domains 

Low-Cost Proof-
of-Concepts 

Management of 
Technology 

Management is 
unaware of how 
experimentation and 
prototyping using digital 
technologies can benefit 
the organization 

Management only have 
understanding of how 
experimentation and 
prototyping using digital 
technologies can benefit the 
organization 

Management continuously 
educate themselves in how 
experimentation and 
prototyping using digital 
technologies can benefit the 
organization 

Communication 

No encouragement 
experimentation and 
prototyping using digital 
technologies 

Sporadic encouragement 
experimentation and 
prototyping using digital 
technologies 

Continuous encouragement 
experimentation and 
prototyping using digital 
technologies 

In short, Financial ExpectaGons represents the availability of financial resources to digital 
iniGaGves provided by the organizaGon (Table 3.6). In the SI&IF technology domain, this 
represents the financial resource allocaGon for improving system integraGon and 
informaGon flow. In the DDCA technology domain, Financial ExpectaGons represents the 
allocaGon of financial resources for improving digital data collecGon and analyGcs. In the LC-
PoC technology domain, Financial ExpectaGons represent the allocaGon of financial 
resources for experimentaGon and prototyping using digital technologies.  
Table 3.6: Overview of Financial Expecta0ons sub-domains and their granulari0es. 

Financial Expectations Level 1 - Low Level 2 - Medium Level 3 - High 

System 
Integration 
and 
Information 
Flow 

Financial 
resource 
allocation 

Minimal financial resource 
allocation for improving system 
integration and information flow  

Financial resource allocation for 
improving system integration 
and information flow on single 
business case level 

Continuous financial resource 
allocation for improving system 
integration and information flow  

Digital Data 
Collection 
and 
Analysis 

Financial 
resource 
allocation 

Minimal financial resource 
allocation for improving digital 
data collection and analysis  

Financial resource allocation for 
improving digital data collection 
and analysis on single business 
case level 

Continuous financial resource 
allocation for improving digital 
data collection and analysis  

Low-Cost 
Proof-of-
Concepts 

Financial 
resource 
allocation 

Minimal financial resource 
allocation for experimentation 
and prototyping using digital 
technologies 

Financial resource allocation for 
experimentation and 
prototyping using digital 
technologies on single business 
case level 

Continuous financial resource 
allocation for experimentation 
and prototyping using digital 
technologies 

By comparing the scorings of the case companies according to the model, it is clear that 
Case4 is the least mature and that Case2 is the most mature, followed by Case3 and Case1 
(Error! Reference source not found.). From these results, the sum of the scores of each 
category have been compared to average of the sum of scores, to idenGfy low-performing 
domains. From here, five observaGons have been made.  
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Table 3.7: Overview of scorings 

Tech. Org.  Case   
domain domain Category 1 2 3 4 Sum if sum<8 
SI&IF Human Capital Technical competences 1 1 1 1 4 1 
DDCA Organiza.onal Culture Behaviour 2 1 1 1 5 1 
DDCA Organiza.onal Culture Change 2 1 1 1 5 1 
LC-PoC Organiza.onal Culture Behaviour 1 3 1 1 6 1 
LC-PoC Strategic Allignment Strategic Effort 1 3 1 1 6 1 
DDCA Human Capital Technical competences 1 2 3 1 7 1 
LC-PoC Human Capital Conceptual competences 1 3 2 1 7 1 
LC-PoC Human Capital Technical competences 1 3 2 1 7 1 
SI&IF Financial Expec.ons Financial Resource Alloca.on 2 3 2 1 8 0 
DDCA Financial Expec.ons Financial resource alloca.on 2 2 3 1 8 0 
LC-PoC Financial Expec.ons Financial resource alloca.on 2 3 2 1 8 0 
SI&IF Management Support and Leadership Communica.on 2 3 2 1 8 0 
LC-PoC Management Support and Leadership Management of Technology 2 2 2 2 8 0 
SI&IF Organiza.onal Culture Behaviour 2 1 2 3 8 0 
DDCA Human Capital Conceptual competences 3 3 2 1 9 0 
SI&IF Management Support and Leadership Management of Technology 3 3 2 1 9 0 
DDCA Management Support and Leadership Communica.on 2 3 3 1 9 0 
SI&IF Organiza.onal Culture Change 3 1 3 2 9 0 
SI&IF Strategic Allignment Strategic Effort 1 3 3 2 9 0 
DDCA Financial Expec.ons Strategic Effort 2 3 3 2 10 0 
SI&IF Human Capital Conceptual competences 3 3 3 1 10 0 
DDCA Management Support and Leadership Management of Technology 3 3 3 2 11 0 
LC-PoC Management Support and Leadership Communica.on 3 3 3 3 12 0 
LC-PoC Organiza.onal Culture Change 3 3 3 3 12 0 
Total   48 59 53 35 Sum avg = 8  

First, the lowest overall score relates to technical competences within SI&IF. This low score is 
related to the fact that the companies simply don't prioriGze these skills, as they are more 
focused on the business operaGons. This raises the quesGon of how relevant these technical 
skills are for SMEs to internalize compared to outsourcing them.  

Second, in the sub-domain "OrganizaGonal Culture" within DDCA, both categories are 
represented with low scores. Here, Case2, Case3, and Case4 all scored the lowest on both 
Behavior and Change. In these cases, technicians and operators would provide li6le or 
inaccurate data to the informaGon systems, as in most cases they did not feel like providing 
this properly. Generally, this was explained as a result of not wanGng to prioriGze this over 
what they felt were their actual jobs, which also provided a low score in "Change". As these 
data inputs are important to the overall data quality, it would be interesGng to understand 
what should be improved to increase the quality and volume of human input data.    

Next, a low score is found in Strategic Effort within LC-PoC. This score can be explained by 
most companies not providing strategic efforts to this area. This is only done by Case2, 
which also contributes to their high overall score. This is also reflected in Behavior within LC-
PoC, where Case2 is the only company with recurring requests for prototypes and 
experiments, which could very well link back to this being a strategic iniGaGve. This makes it 
interesGng to invesGgate how strategic effort to this could improve digital maturity of 
maintenance processes in SMEs over Gme. 

In relaGon to this, Human Capital within LC-PoC also scored below average on both 
categories. Again, these are highest in Case2, where these competences are external. By 
their strategic iniGaGves, Case2 have invested in both conceptual and technical competences 
which contributes to their high score. The same can be observed in Case3, who are less 
financially commi6ed to their human capital on the area, where these skills are less 
developed. In the future, it would be interesGng to invesGgate how the presence of these 
skills can help companies increase digital maturity of maintenance processes in SMEs.  
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Lastly, the technical competence category within DDCA has score below average. Where the 
medium and high score to Case2 and Case3 origins from having technicians that can develop 
data collecGon mechanisms, none of the case companies expressed that they have data 
analyGcs competences. This makes it interesGng to invesGgate how data analyGcs 
competences can drive digital maturity within maintenance processes in SMEs. 

3.6. Discussion and future work 

This paper delves into asset management, idenGfied as a criGcal business process for 
manufacturing SMEs. Through the examined case studies, the importance of asset 
management, parGcularly in the acer-sales service sector, has been underscored, as 
reflected by the allocaGon of resources between the two areas. Across the case studies, it 
was evident how more resources were allocated to informaGon system development and 
data collecGon in the acer-sales service cases. From a pracGcal perspecGve, acer-sales 
service is built on a revenue-generaGng business model, thus the focus. In the internal 
maintenance cases, far less resources were invested in informaGon systems and data 
collecGon. This raises the quesGon: Can digital maturity be measured uniformly across 
maintenance acGviGes?  While this paper has developed a framework from all four cases 
collecGvely, thereby providing a general model for digitalizaGon of maintenance acGviGes, 
future research should adapt the framework to address individual maintenance acGviGes 
more specifically.  

From a methodological perspecGve, this paper contributes with findings from pragmaGc 
research methods to the collecGve body of literature on digitalizaGon in SMEs. While a 
copious amount of high-quality research has already well-established digital maturity and 
digitalizaGon in SMEs, much of this literature is built on self-reporGng survey data or single 
case studies. Where this literature unquesGonably captures the essence effecGvely, this 
framework is built on deep insights from the daily operaGons of SMEs, which complements 
with another layer of pragmaGsm and real-world insights. ContrasGngly, this study is 
challenged on generalizability. The four case studies represent a very small sample size, but 
as many of the results can be recognized in the literature, this paper considers these findings 
as effecGve representaGves of similar companies. This also invites future research to 
contribute with more similar case studies.  

Lastly, from a technology perspecGve, this paper has been built on the premise that low-tech 
and low-cost digital soluGons are effecGve for the general digitalizaGon of SMEs. While the 
specific outcomes of the developed artefacts are not the theme of this paper, this paper 
pracGcally finds the premise to sustain. Despite the artefacts were developed on prototyping 
basis using exisGng data and plaLorms, they were sGll radically changing iniGaGves to 
exisGng processes and soluGons. However, it should be quesGoned how digitally sustainable 
this is for SMEs. Eventually, more advanced technologies will be required to transiGon fully 
to the Industry 4.0 paradigm. This poses a future research direcGon which should invesGgate 
how SMEs can transiGon from developing low-cost digitalizaGon projects, to implemenGng 
more sophisGcated technology soluGons. 

3.7. Conclusion 

This paper presented a framework that integrates technological and organizaGonal factors as 
interconnected components of digitalizaGon in SMEs. By addressing the theoreGcal 
challenges in the exisGng literature, this framework offers an alternaGve perspecGve that 
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facilitates a more accurate assessment of digital maturity within SMEs. The framework 
emphasizes three main technological factors: System IntegraGon and InformaGon Flow, 
(Digital) Data CollecGon and Analysis, and Low-Cost Proof-of-Concepts. AddiGonally, it 
recognizes the significance of organizaGonal factors by evaluaGng them in conjuncGon with 
these technological aspects, thereby establishing the interrelaGonship between these two 
domains. By adopGng this integrated approach, the framework miGgates the issue of 
asymmetric evaluaGons, as highlighted by previous studies. It encourages SMEs to assess 
their organizaGonal capabiliGes within the context of specific technological areas, 
challenging a holisGc viewpoint and promoGng a more realisGc evaluaGon of their digital 
readiness. Drawing upon mulGple case studies, this framework transcends the limitaGons of 
single-case digital maturity models. The discussion has illuminated several criGcal areas for 
future research.  

The notably low score in technical competences within SI&IF, juxtaposed with SMEs' 
operaGonal focus, raises quesGons about the actual relevance of these technical skills for 
SMEs. The observed deficiencies in "OrganizaGonal Culture" within DDCA, parGcularly in the 
realms of Behavior and Change, necessitate a deeper dive into strategies that can elevate 
the quality and volume of human data input. The diminished emphasis on Strategic Effort 
within LC-PoC across most companies, suggests a potenGal research trajectory into the 
impact of strategic iniGaGves  and human capital focusing on prototyping on the digital 
maturity of maintenance processes in SMEs. The below-average performance in the 
technical competence category within DDCA, especially in the context of data analyGcs 
competences, offers another promising avenue for research. This could determine how 
these competences can be leveraged to drive digital maturity in maintenance processes in 
SMEs. The idenGfied overlap between individual technology domains, suggests an 
opportunity to refine and expand the current framework. This would ensure a more holisGc 
understanding of the interplay between technological and organizaGonal factors, potenGally 
leading to a more acGonable model for SMEs. 

Generally, future research should conGnue to bridge the gap between academia and 
industry remains crucial, as conGnued knowledge transfer can foster mutually beneficial 
collaboraGons and facilitate the advancement of digitalizaGon in SMEs. 
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Chapter 4. Digitaliza;on of aPer-sales service processes 
The following journal arGcle answers RQ3. 

The paper was submi6ed to Computers in Industry (Elsevier). 

The content of this chapter is directly copied from this paper.  

Abstract 

This study addresses the underexplored domain of digitalizing acer-sales service processes 
in small and medium-sized enterprises (SMEs). Focusing on Danish SMEs, it invesGgates 
three key areas: the necessity of technical development competences within informaGon 
systems, effecGve data management from a human-centric perspecGve, and the applicaGon 
of low-code tools in digitalizing business processes. The research employs semi-structured 
interviews and themaGc analysis with six different Danish SMEs. The research finds that 
instead of focusing on technical development skills, SMEs benefit more from culGvaGng 
conceptual skills. This finding challenges the convenGonal emphasis on in-house technical 
experGse. AddiGonally, it is discovered that SMEs enhance their data maturity by 
demonstraGng the pracGcal implicaGons of poor data quality, thus fostering a be6er 
understanding of data’s role in business processes. Surprisingly, the adopGon of low-code 
tools is less common than anGcipated. Based on these insights, this paper synthesizes an 
analysis that uncover how SMEs posiGon themselves in terms of data maturity, skill locaGon, 
and soluGon phase.  

Keywords: SME, DigitalizaGon, Acer-sales service, Maintenance, Industry 4.0 
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4.1. Introduc4on 

The advent of digitalizaGon, digital transformaGon, and Industry 4.0 has been a cornerstone 
in the evoluGon of small and medium-sized enterprises (SMEs) over the past decade 
(Ghobakhloo et al., 2021; Kagermann & Wahlster, 2022; Masood & Sonntag, 2020). These 
technological paradigms have opened doors to innovaGve business models, enabling SMEs 
to adapt to changing customer demands and improve operaGonal efficiencies. This 
transformaGon is well-documented in the literature, which has explored the influence of 
digital technologies and cultures across various business domains (Ghobakhloo et al., 2021; 
Masood & Sonntag, 2020; Moeuf et al., 2018). Despite the extent of Industry 4.0 and 
digitalizaGon research, there are limited research that focus specifically on digitalizaGon of 
asset management and maintenance processes in SMEs, and more specifically on acer-sales 
service. 

In relaGon to Industry 4.0 and digital transformaGon, acer-sales service may bring forward 
associaGons to the term "serviGzaGon", which describes the integraGon of services as value 
proposiGons for manufacturing companies (Peillon & Dubruc, 2019; Pirola et al., 2020; 
Weking et al., 2020). ServiGzaGon has been widely discussed as part of digitalizaGon and 
Industry 4.0 research, as the advancement of digital technologies, such as Internet of Things 
(IoT), cloud compuGng (CC) and arGficial intelligence (AI), unlocking new service-based 
offerings through digital data collecGon and analysis (Kim et al., 2023; Peillon & Dubruc, 
2019; Pirola et al., 2020). 

Despite gaining significant a6enGon in the context of Industry 4.0 and digital transformaGon, 
serviGzaGon is not a new concept in the manufacturing SME sector (Pirola et al., 2020). For 
many manufacturing SMEs acer-sales and has been a core component of their business 
strategy for a long Gme (de la Fuente et al., 2018; Pagalday et al., 2018). These services 
enhance customer saGsfacGon, foster customer loyalty, and generate ongoing revenue 
streams (Pagalday et al., 2018; Weking et al., 2020). This is typically achieved through service 
contracts offering diverse levels of support, incenGvized by discounts based on loyalty and 
service type. The a6enGon to serviGzaGon in other industries and the increasing accessibility 
of digital technologies only underscores the importance of efficient and effecGve acer-sales 
service business processes in SMEs, as these becomes progressively important to deliver on 
customer expectaGons, compeGGve parameters, and operaGonal performance (Somohano-
Rodríguez et al., 2022).  

However, the integraGon of digital technologies into acer-sales processes is a complex 
endeavor, ocen requiring significant investment and strategic planning (Somohano-
Rodríguez et al., 2022). This is parGcularly challenging for SMEs, which are confronted with 
the difficulGes of balancing the costs of digitalizaGon with the expected return on 
investment, especially in the short term (Masood & Sonntag, 2020). Studies such as 
Dolatabadi and Budinska (2021) and Pinciroli et al. (2023) have highlighted this financial 
predicament, underscoring the need for SMEs to navigate their digitalizaGon journey 
carefully. Grooss (2024) presents a conceptual framework that integrates technological and 
organizaGonal factors for digitalizing maintenance processes in SMEs. This framework 
focuses on leveraging exisGng technologies and data for low-cost opGmizaGons, bridging the 
gap between high-tech discussions and real-world SME scenarios. In this paper, Grooss 
(2024) idenGfies a series of underperforming aspects of digitalizaGon of maintenance 
acGviGes in SMEs.  
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First, the paper finds that technical development competences within system integraGon 
and informaGon flow scores extremely low. As these does not seem to be prioriGzed, the 
paper quesGons the relevance of these competences. Browsing the exisGng literature 
enforces this quesGon. Generally, the current literature is highlighGng the need for digital 
capabiliGes to succeed with Industry 4.0 and digital transformaGon iniGaGves (Castelo-
Branco et al., 2022; Naushad & Sulphey, 2020; Tortora et al., 2021). However, this literature 
is not explicitly discussing whether conceptual skills or technical skills are most relevant for 
SMEs. The second aspect relates to the human aspects of digital data collecGon and analysis. 
Grooss (2024) finds that the quality and volume of data inputs ocen suffers due to mis-
prioriGzaGon by technicians and operators. Building on this, (Kim et al., 2023) conducts an 
extensive literature review using text mining to future research agendas on digital 
serviGzaGon. The authors specifically suggest future studies that invesGgates the use of 
digital technologies for managing data-related acGviGes. This makes it interesGng to 
understand how this can be improved to increase the volume and quality of data inpu6ed 
from a human perspecGve. Lastly, (Grooss, 2024) reveals that both strategic iniGaGves and 
human competencies within low-cost proof-of-concepts are low prioriGzed by SMEs. The 
authors suggests that future research invesGgates how the culGvaGon of skills related to low-
code tools can contribute to the advancement of digital maturity in SMEs' maintenance 
processes. A similar research gap is highlighted by (Amaral & Peças, 2021; Hawkridge et al., 
2021; Jiwangkura et al., 2020) who all suggests SMEs to engage in low-costs development of 
prototype to increase digitalizaGon.  

The exisGng literature and prior research, such as the work of Grooss (2024) and (Kim et al., 
2023), highlights significant gaps in the current understanding of the digitalizaGon of 
maintenance and acer-sales service processes in SMEs. This gap is parGcularly evident in the 
areas of technical competencies, human aspects of data collecGon and analysis, and the 
strategic use of low-code tools in digitalizing acer-sales services. As Grooss (2024) studied 
both internal maintenance cases and acer-sales service cases but found that companies 
with acer-sales service business models were more digitally mature, this research will focus 
its efforts on acer-sales service. Consequently, this research aims to delve deeper into the 
idenGfied areas, formulaGng the following research quesGons:  

RQ1: What are the needs for technical development competences within informa3on 
systems for suppor3ng aVer-sale service processes in SMEs? 

RQ2: How do SMEs manage data collec3on and analysis in aVer-sales service processes from 
a human perspec3ve? 

RQ3: How do SMEs u3lize low-code tools for digitaliza3on of aVer-sales service processes? 

The remainder of this paper is structured as follows: SecGon 4.2 presents related work. 
SecGon 4.3 describes the methodology. SecGon 4.4 presents the results, which are analyzed 
in SecGon 4.5. SecGon 4.6 discusses the results. SecGon 4.7 concludes the paper. 

4.2. Related work 

4.2.1. Technical human capital for informa5on systems 

The established literature contains numerous studies underlining the importance of human 
capital within digitalizaGon. This is highlighted by Naushad & Sulphey (2020), who idenGfy 
technological self-efficacy as one of the most influenGal factors for adopGng informaGon 
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system technologies. This represents the ability of companies to educate themselves about 
digital technologies to implement them in meaningful contexts. Genest and Gamache (2020) 
also highlight that companies must provide adequate training to facilitate employee 
educaGon and keep them up-to-date on relevant digital technologies. Here, Moeuf et al. 
(2020) highlight the importance of training that supports the specific requirements of the 
company in the context of their operaGons and future for digitalizaGon.  

These examples view the topic from a rather holisGc perspecGve and are not specific about 
what competences are needed. Other papers are more specific. For example, Welte et al. 
(2020) point to the development of internal skills and the use of external consultants as one 
of the most important approaches for machine learning projects. Schlegel and Kraus (2023) 
reviewed 119 job adverGsements for posiGons within roboGc process automaGon (i.e., a 
socware technology that automates manual business processes), which is quite important 
for digital transformaGon. They found that competence within computer sciences, 
informaGcs, and business informaGcs are the highest in-demand skills working with this 
technology. CeGndamar Kozanoglu and Abedin (2021) invesGgate the “digital literacy” of 
employees for digital transformaGon, which describes employees’ skills, knowledge, and 
abiliGes in working with digital technologies. By conducGng a systemaGc literature review 
and brainstorming with experts, the authors highlight, among other factors, informaGon, 
and data literacy as important aspects. They emphasize that digitally literate employees’ 
knowledge of digital technologies can extend to applying them in relevant business contexts 
(CeGndamar Kozanoglu & Abedin, 2021). 

4.2.2. Competences, behavior, and change within digital data collec5on and analysis  

ConGnuous collecGon and analysis of digital data have proven to be a necessity for success 
in digitalizaGon, as this is the foundaGon for digital technologies (Du6a et al., 2020; Pinciroli 
et al., 2023; Somohano-Rodríguez et al., 2022; Zonta et al., 2020). Data collecGon and 
analysis is key to predicGve maintenance methods, where sensor data is used to predict life 
cycles (Baestoni et al., 2023; Khan et al., 2022). Technologies such as the IoT have greatly 
enabled data collecGon, and IoT devices are becoming more common in maintenance 
processes, where the collecGon and broadcasGng of digital data can aid in monitoring asset 
health and forecasGng life-expectancy (Rastogi et al., 2020; Velmurugan et al., 2022). This 
data can be processed by other digital technologies, such as cloud compuGng and arGficial 
intelligence (AI) to uncover pa6erns and predict the future health status of assets (Bona et 
al., 2021; Pinciroli et al., 2023; Rastogi et al., 2020). With the increasing accessibility of data 
collecGon technology soluGons (Rastogi et al., 2020), a conGnuing aspect relates to 
organizaGonal and human management of data, which can be considered more vital to 
manage than digital technologies (Teichert, 2019).  

The increase of digitalizaGon has resulted in changes to the role of the maintenance 
operator, which now also consists of supervising automated systems through monitoring 
systems (Bona et al., 2021). Generally, employees now must process more digital 
informaGon, which can lead to informaGon overload (Okkonen et al., 2019). This is related to 
current interfaces and IT infrastructures not being geared to processing the shear amount of 
data needed for industry 4.0 technologies (Bona et al., 2021; Okkonen et al., 2019), but also 
to a lack of data analyGcs competences and poor habits (Okkonen et al., 2019). Breaking 
poor habits and changing ways of working can be challenging, as these are ocen deeply 
embedded in cultural contexts (Chanias et al., 2019; Leso et al., 2023). In the literature, this 
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is commonly highlighted as one of the most important aspects of organizaGonal factors 
(Teichert, 2019), where the inclusion of employees, facilitaGon of innovaGon, and incenGves 
for success are vital for the success of digitalizaGon (Kilimis et al., 2019; Roblek et al., 2021; 
Soluk & Kammerlander, 2021).  

To summarize, it is clear that the technological aspect is only one side of the coin. However, 
the integraGon of these advanced systems within organizaGonal contexts creates a unique 
set of challenges, mainly concentrated around the human element. Despite advances in 
technology, the efficacy of digital tools in acer-sales service processes is heavily conGngent 
on the competencies, behaviors, and adaptability of the employees who operate them. The 
ability of SMEs to manage and harness the potenGal of digital data collecGon effecGvely 
hinges not just on the implementaGon of cueng-edge technologies but also on the 
culGvaGon of a workforce that is skilled, adaptable, and recepGve to change.  

4.2.3. Behavior, strategic efforts, and competences within low-cost proof-of-concepts 

Low-cost prototyping in combinaGon with exploring exisGng data and informaGon system 
resources have previously proven effecGve for digitalizaGon of business processes in SMEs. 
For example, Amaral and Peças (2021) present two case studies in which they do exactly this 
to digitalize a paper-based Kanban system, using a simple web-plaLorm. Xing et al. (2020) 
present a similar example in which low-cost hardware and open-source computaGon 
plaLorms are used to monitor machine tools in an SME.  

While more and more technologies are becoming available for companies to use (Pinciroli et 
al., 2023), it is relevant to invesGgate how SMEs use them (Bies et al., 2022). Low-code 
applicaGon development a relevant topic within this area. Low-code plaLorms are ocen 
found as cloud-based plaLorms where users can develop custom applicaGons with minimal 
code (Di Ruscio et al., 2022). These plaLorms can be powerful enablers for CiGzen 
Developers, which allows business users to develop their own digital soluGons in full or in 
part. This can empower employees to give more to the digital transformaGon, as it provides 
an entry point without a high technical barrier (Elshan et al., 2023). According to Sanchis et 
al. (2020), experts predict that low-code technologies may be essenGal for efficient work and 
remaining compeGGve.  

Bies et al. (2022) conducted a survey of SMEs along with expert interviews to invesGgate if 
low-code applicaGon development could funcGon as a driver for digital innovaGon in SMEs. 
They found that low-code applicaGon development has profit potenGal for SMEs, as long as 
the applicaGons are developed for clearly defined contexts, improve the collaboraGve 
working culture in SMEs, and ensure coherence between funcGonality, quality, and security 
in business applicaGons. They end their paper by calling for more research on the 
applicaGon of low-code technologies in SMEs. Elshan et al. (2023) found that low-code 
plaLorms can unlock tools for digiGzing data, streamlining digital systems, and automaGng 
processes, while also providing results faster than through tradiGonal development.  

4.3. Methodology 

This paper presents the findings for a mulGple case study with six Danish SMEs. To collect 
data for the study, semi-structured interviews were completed with SMEs that manufacture 
and/or sell products that they also service as part of an acer-sales service business model. 
The companies meet the requirements of an SME as per the definiGon of the European 
Commission, which means that the companies should have under 250 employees or less 
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than 50 million EUR yearly profit or less than 43 million EUR on their balance sheet. 
Furthermore, the companies must have an acer-sales service business model, in which the 
company is paid to service physical assets at customer locaGons. 

This study sought to idenGfy how the research quesGons raised in the previous secGon have 
been managed by SMEs that have successfully implemented a digital technology soluGon in 
the business processes for their acer-sales service. To set a common ground for discussion, 
all companies were interviewed about the implementaGon of Field Service Management 
systems in their business. This was chosen as these systems facilitate most of the companies’ 
acer-sale service business processes. 

The companies were selected based on having recently implemented such a technological 
soluGon. PotenGal parGcipants were primarily idenGfied through the websites of IT vendors 
or service partners, where customer cases and/or references were published. The 
companies were then contacted by phone and asked to parGcipate in the interview. The 
interviewees from the companies were all service managers and/or technical managers. 
These were chosen as they have the primary oversight of the acer-sales service business 
and are responsible for the effecGve and efficient operaGons thereof. This ensured that the 
interviews would focus on the business applicaGon of such systems and not the technical 
aspects. Prior to the interviews, parGcipants were informed of the purpose of the interview 
and the overall topics of discussion. InformaGon about the interviewed companies can be 
found in Table 4.1.  

At each interview, the parGcipants were asked open-ended quesGons related to the research 
topics, which invited the parGcipants to guide the discussion in whatever direcGon they felt 
was important. Depending on the depth of the answers, further quesGons were asked about 
the same topic or a new topic was brought up if the parGcipant did not provide new or 
deeper answers. Acer the interview, parGcipants were asked if they could refer colleagues in 
the industry, who have gone through a similar process, thus opening up the opportunity for 
snowball sampling. The interviews were meGculously analyzed and themaGcally coded to 
align with the guiding research quesGons. This process involved an iteraGve approach where 
iniGal codes were generated from the data, capturing key concepts and categories as they 
emerged from the interviewees' responds. These codes were then organized into potenGal 
themes that resonated with the research objecGves. 

To ensure the themes developed were both reflecGve of the data and relevant to the 
research quesGons, a recursive process of reviewing and refining the themes was 
undertaken. Pa6erns within the data were idenGfied and themes were constructed to 
encapsulate these pa6erns, providing a structured narraGve that could address the research 
quesGons. Each theme was defined and named to accurately represent its essence within 
the context of the research. 
Table 4.1: Informa0on about the case companies 

Case Business No. of employees Title of main stakeholder interviewee 
Case A Water facili5es 56 Service Manager 
Case B Heat pumps 62 Service and Technical Manager 
Case C Coffee machine maintenance 67 Technical Service Manager 
Case D Food packaging 55 Planning Manager 
Case E Climate systems 200 Service and Support Manager 
Case F Coffee machine maintenance 198 Service Manager 
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4.4. Results 

The following secGons presents the results from the interviews, which have been structured 
according to the three research quesGons presented in the Background and Research 
QuesGon secGon. 

4.4.1. Technical human capital for informa5on systems 

Across the interviewed companies, there was a notable division in opinion regarding the 
necessity for technical informaGon system skills. Cases A and B did not perceive a need for 
full-Gme employees (FTEs) dedicated to technical IT competencies, ciGng insufficient 
workload to jusGfy such posiGons. They expressed a preference for individuals who 
understand business processes and system interacGons over those with purely technical 
development skills. Case A, in parGcular, underscored their preference for younger 
employees, like student workers, assuming their inherent understanding of technology.  

Case A reported a past challenge where an employee tasked with managing IT system 
integraGon struggled due to a lack of appropriate skills. This case also highlighted the 
advantages of hiring younger workers for their quicker learning curve and be6er grasp of IT 
systems. Despite some concerns about the transient nature of student workers, both Case A 
and B acknowledged the benefits they brought to their organizaGons. Case B and F, while 
echoing the senGment about limited work for FTEs in development roles, also shared their 
inclinaGon to employ external consultants, especially those with substanGal experience, to 
circumvent issues encountered with inexperienced consultants previously. 

ContrasGngly, Case C showed a strong interest in having in-house development capabiliGes. 
They recognized the potenGal cost opGmizaGon and untapped opportuniGes that internal 
competencies could offer, parGcularly for developing soluGons within the Microsoc 
technology ecosystem, which they primarily use. Case D, on the other hand, was firmly 
against the idea of internal technical development skills, choosing to rely exclusively on 
external consultants to focus on core business processes. This approach was similar to that 
of Cases A and B in terms of not finding enough workload for a full-Gme developer. Case E 
and F also preferred external consultants for all development needs, reflecGng a broader 
trend of outsourcing technical development roles in favor of focusing on core business 
acGviGes and flexible, expert-driven soluGons. An overview of the themaGc codes related to 
technical human capital can be found in Table 4.2 
Table 4.2: Thema0c codes related to technical human capital for informa0on systems 

id Theme Descrip>on Example quotes 
from data. 

TDC-1 Insufficient workload for FTE There is not enough work for an FTE.  Case A, B, D 
TDC-2 Priori5za5on of conceptual 

skills 
The company prefers to have a person 
employed who knows the business and 
processes, rather than having a developer.  

All cases 

TDC-3 Young employees Preference to employ younger employees 
based on the assump5on that they 
understand technology in their context, for 
example student workers. 

Case A, B 

TDC-4 Consultants Preference to use consultants as they are 
flexible as resources and up to date on 
required knowledge  

Case B, D, E 
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TDC-5 Technical development skills Preference for having internal development 
skills in the company 

Case C 

TDC-6 Solu5on development, 
configura5on, and 
customiza5on  

The company use external service partners 
and/or consultants for configuring and 
developing IT solu5ons 

All cases 

 

4.4.2. Competences, behavior, and change within digital data collec5on and analysis 

The interviewed companies consistently encounter challenges in obtaining Gmely, high-
quality data from field technicians who ocen overlook documentaGon and reporGng tasks in 
favor of service compleGon. Case A reveals that many technicians perceive documentaGon 
as an extra burden rather than an integral part of their job. This aetude results in 
inadequate or missing summaries of work, despite having efficient informaGon systems for 
data reporGng. 

Cases B and C have improved their data quality by demonstraGng the pracGcal 
consequences of poor documentaGon to technicians, emphasizing the necessity of 
comprehensive reporGng. Case B notes a sense of underuGlizaGon of data by technicians, 
while Case C has streamlined their data collecGon systems to be user-friendly for tradesmen, 
focusing only on essenGal data but acknowledging the need for increased data collecGon in 
the future. 

Case D highlights an industry-specific scenario where strict documentaGon requirements 
have ingrained a higher standard of data quality. Here, a noGceable variance in skill levels 
among technicians is observed, with younger technicians being more adept with informaGon 
systems but less thorough in reporGng compared to their older counterparts, who provide 
more detailed and well-arGculated service reports. 

Case E reports variability in data quality among technicians, necessitaGng conGnuous 
dialogue and training. Despite the capability of technicians to collect and document data, a 
common challenge across all cases is ensuring the accuracy and completeness of this 
documentaGon. The companies recognize the importance of training focused on the 
implicaGons of poor documentaGon, rather than just the mechanics of data collecGon. An 
overview of the themaGc codes related to the huan aspect of digital data collecGon and 
analysis can be found in Table 4.3 
Table 4.3: Thema0c codes related to human aspect of digital data collec0on and analysis 

id Theme Descrip>on Cases Illustra>ng 
Theme 

DCA-1 Challenges in Data Quality 
and Repor5ng 

All companies face issues with obtaining 5mely, 
high-quality data from field technicians, who 
o]en depriori5ze documenta5on and repor5ng 
tasks. 

All cases 

DCA-2 Technicians' Percep5on of 
Documenta5on 

Many technicians view documenta5on as an 
extra burden rather than a cri5cal aspect of 
their job. This affects the quality and 
completeness of data reported. 

All cases 

DCA-3 Importance of Prac5cal 
Training 

Companies report the effec5veness of using 
prac5cal examples to demonstrate the 
consequences of poor documenta5on, 
sugges5ng a focus on prac5cal, consequence-
oriented training. 

Case A, B, C, D 
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DCA-4 System Usability and Data 
Collec5on Focus 

Emphasis on designing user-friendly data 
collec5on systems and focusing on essen5al 
data only to facilitate easier repor5ng by 
technicians. 

Case C, D 

DCA-5 Varia5on in Skill Levels 
Among Technicians 

Differences in skill levels and repor5ng quality 
among technicians, o]en influenced by age, 
with younger technicians being more tech-
savvy but less thorough. 

Case D, E 

DCA-6 Consensus on Capability 
with Challenges in 
Execu5on 

General agreement that technicians are capable 
of data collec5on and documenta5on, but 
challenges exist in ensuring it is done correctly 
and thoroughly. 

All cases 

 

4.4.3. Behavior, strategic efforts, and competences within low-cost proof-of-concepts 

The interviewed companies generally avoid using low-code tools, except for business 
intelligence (BI) purposes, parGcularly Microsoc Power BI. This tool is primarily used by 
Cases B, C, and D to develop visual reports from business data derived from Field Service 
Management (FSM) systems or Enterprise Resource Planning (ERP) systems, aiding decision-
making in acer-sales service processes. Specifically, Cases B and D uGlize BI mainly for the 
presentaGon and measurement of Key Performance Indicators (KPIs) within structured 
processes and ad-hoc analysis. Case C, however, stands out by employing BI and data 
science pracGces in more exploratory contexts, with business controllers managing and 
presenGng data to derive acGonable insights.  

The development of BI reports is generally handled outside the acer-sales service 
organizaGon. Case B delegates this to the Chief Financial Officer (CFO) and student workers, 
Case C to business controllers, and Case D to the IT department, with occasional 
involvement from the service manager. Case A enGrely outsources these skills to external 
consultants. Case F reported great success from having a student worker to conduct 
exploraGve data analysis. 

The use of data visualizaGon, parGcularly in Case B, has improved technician behavior. 
AdministraGve KPIs are shared across staff, publicly showcasing both good and poor 
performance, which iniGally met resistance but eventually led to collecGve improvements 
and awareness of mistakes.  

Despite a general lack of use of low-code tool prototyping, there remains a consensus on 
welcoming ideas to improve system use and data collecGon. Most companies, excluding 
Case E, acGvely involve technician ambassadors to gather and present operaGonal 
challenges, seeking potenGal improvements. These ideas are typically discussed in quarterly 
technician meeGngs (absent in Case E), where they are assessed by service managers for 
potenGal implementaGon. New funcGonaliGes are ocen outsourced to external system 
vendors without undergoing prototyping or preliminary tesGng, based primarily on the 
perceived benefits by managers. Case B describes this process as relying on "gut feeling," 
where mulGple inputs, including differing technician preferences, are considered. An 
overview of the themaGc codes related to the use of low-code tools can be found in Table 
4.4. 
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Table 4.4: Thema0c codes related to the use of low-code tools 

id Theme Descrip>on Companies Illustra>ng 
Theme 

PoC-1 Limited Use of 
Low-Code Tools 

General reluctance to engage in low-code tools, 
except for business intelligence purposes. 

All Cases 

PoC-2 Business 
Intelligence for 
Decision-Making 

Use of Microso] Power BI and other tools for 
developing visual reports to guide decision-making 
in a]er-sales service processes. 

Case B, C, D, F 

PoC-3 Focus on KPIs and 
Performance 
Measurement 

Business intelligence is mainly used for 
presenta5on and measurement of key 
performance indicators (KPIs) to improve 
performance and awareness. 

Case B, D, F 

PoC-4 Exploratory Use of 
Business 
Intelligence 

Business intelligence used in more exploratory 
contexts to uncover ac5onable insights. 

Case C, F 

PoC-5 Technician 
Engagement in 
System 
Improvement 

Recruitment of technician ambassadors to collect 
and present opera5onal pain points for system 
improvements. 

All Cases except E 

PoC-6 Regular 
Technician 
Mee5ngs for 
Feedback 

Holding quarterly technician mee5ngs to discuss 
ideas and pain points, leading to system 
improvements. 

All Cases except E 

4.5. Synthesis of thema4c analysis 

The themaGc analysis revealed three disGnct, interrelated aspects—skill locaGon, soluGon 
process, and data maturity. Each case demonstrated different approaches to digitalizaGon 
innovaGon, yet disGnct pa6erns were clear. EssenGally, there is a noGceable progression in 
soluGon phases and shics in skill locaGon that align with the advances in data maturity, 
aiming to balance costs with anGcipated benefits. 

Based on the themaGc analysis, the following model has been synthesized (Figure 4.1). The 
Skill locaGon axis classifies the posiGoning of competencies as they relate to the 
organizaGonal boundary. Here, "Internal" denotes competencies that are inherent to the 
organizaGon, embodied by employees with permanent contracts who contribute to daily 
operaGons. "Temporary" represents transient skills provided by non-permanent staff, such as 
student workers, whose understanding of current technologies is valuable yet not retained 
long-term. "External" indicates skills sourced from outside the organizaGon, like consultants, 
represenGng the most distant relaGonship in terms of skill permanence. 

The SoluGon process axis represents the maturity level of technical soluGon development. 
Here, "ExploraGon" represents early-stage acGviGes where the organizaGon idenGfies 
potenGal issues and soluGons, involving internal staff to leverage their knowledge of the 
business. "Prototyping" represents the phase of hands-on development using low-code or 
business intelligence tools to create preliminary models and visualizaGons that can inform 
decision-making. Lastly, "Full-Scale SoluGon" represents the advanced stage of development, 
where soluGons are fully integrated into the organizaGonal infrastructure, addressing 
specific problems through comprehensive socware development. 
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Figure 4.1: Visualiza0on of the model based on the thema0c analysis. 

The analysis illustrates that companies invest considerable effort in enhancing their business 
processes and opGmizing data collecGon methods. This groundwork is not primarily about 
developing new systems or technological soluGons. Instead, it's about establishing a 
foundaGon that will enable these advancements. The focus is less on technology itself and 
more on shaping behaviors that support the adopGon and facilitaGon of technological 
growth. EssenGally, companies are channeling their resources to create a conducive 
foundaGon that developers can effecGvely build upon. 

As they advance in data maturity, organizaGons begin to unlock new opportuniGes for 
development. This progression is depicted in the model by a relaGonship between ascending 
the axes and increased data maturity — the higher the posiGon on the axes, the greater the 
data sophisGcaGon in terms of its quality and volume is required. The cases examined 
suggest that a certain threshold of data quality within a company is a prerequisite for the 
successful development of comprehensive, full-scale soluGons. This implies that no ma6er 
the quanGty of improvement ideas generated during the exploratory phase, their translaGon 
into implemented, full-scale soluGons could be hindered if the underlying data quality is 
poor. Therefore, a higher level of data maturity can be a precondiGon for innovaGon in 
informaGon systems, a point previously raised in the findings of (Baestoni et al., 2023). 

The Internal/ExploraGon” level represents when the organizaGon is acGvely exploring 
possible problems and soluGons and combines these with external trends using internal 
skills and parGcipants from the specific areas of invesGgaGon.  

This is represented by the theme that focus on the prioriGzing conceptual skills (TDC-2) over 
technical development skills and the themes of data collecGon and analysis (DCA-1..6). 
These themes had in common that they were focused around improving behavior and 
change through demonstraGng pracGcal examples and internal collaboraGon to improve 
business processes. Here, there is a limited use of Low-Code tools (PoC-1) and instead there 
is a focus on increasing performance in business processes through collaboraGon (PoC-3) 
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and how different iniGaGves can help the company develop in these (PoC-6,7). Moving to 
the Internal/Prototyping phase, there's an emphasis on uGlizing business intelligence tools 
for developing visualizaGons that aid in decision-making and operaGonal improvements, 
aligning with the use of administraGve KPIs (PoC-2,3). This is achieved using inhouse 
competences. At the Internal/Full-Scale SoluGon stage, the aspiraGon is to internally develop 
complete, soluGons. Although Case C desires these capabiliGes in-house, currently they do 
not possess them, underscoring a gap between ambiGon and reality (TDC-5). 

The Temporary/ExploraGon level is characterized by engaging younger, tech-savvy 
employees for their fresh perspecGves on technology trends, not necessarily as developers 
but as informed contributors (TDC-3, PoC-1). This is similar at the Temporary/Prototyping 
level, but with more hands-on acGviGes using primarily business intelligence tools to explore 
company data to gain new insights (TDC-3/PoC-4). No themes were found related to the 
Temporary/Full-scale soluGon level nor the External/ExploraGon level.  

The External/Prototyping level sees the uGlizaGon of consultants as flexible resources, 
proficient at addressing specific, short-term project needs, reflecGng a strategic choice for 
flexibility and specialized experGse. Lastly, the External/Full-Scale SoluGon cell indicates the 
reliance on external service providers for socware development and configuraGon (TDC-4), 
driven by the realizaGon that such tasks cannot jusGfy the employment of a full-Gme staff 
member (TDC-1). This approach is common among the companies, including Case C, which, 
despite its interest in developing internal capabiliGes, aligns with the others in outsourcing 
these tasks. 

4.6. Discussion 

This secGon aims to answer the research quesGons based on the synthesis of the themaGc 
analysis. This will be followed by a presentaGon of theoreGcal and pracGcal implicaGons.  

4.6.1. The need for technical development competences in SMEs 

The invesGgaGon into the technical development competencies required for supporGng 
acer-sale service processes in SMEs reveals a nuanced approach to skill acquisiGon. The 
interviews indicate a general consensus among companies, except for Case C, that internal 
technical development skills are not essenGal. Instead, the emphasis is on acquiring and 
nurturing conceptual skills, parGcularly those related to exploraGon. These skills are deemed 
more vital for companies to retain than development skills, as they directly contribute to 
problem-solving and innovaGon within the organizaGon.  

This paper concurs with the perspecGve presented by (CeGndamar Kozanoglu & Abedin, 
2021), which posits that digital literacy exceeds mere technical skills, encompassing broader 
conceptual competencies that involve social, educaGonal, and work-related facets of 
engaging with digital technologies. The observed disinterest in technical development skills 
among SMEs underscores this stance, emphasizing the greater perGnence of conceptual 
abiliGes. Furthermore, this insight enriches the comprehension of the specific skill sets 
required for Industry 4.0 and digital endeavors within the context of SMEs (Horváth & Szabó, 
2019; Moeuf et al., 2020; P. Senna et al., 2023; Roblek et al., 2021). 

4.6.2. Managing data collec5on and analysis: A human perspec5ve 

SMEs approach the management of data collecGon and analysis in acer-sales service 
processes through a combinaGon of pracGcal demonstraGon and parGcipatory methods. 
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They emphasize the importance of these processes by showcasing real-world consequences 
of inadequate data management. This approach aims to contextualize the technicians' role 
in the broader business perspecGve, highlighGng how their work directly contributes to 
organizaGonal improvements. AddiGonally, SMEs prioriGze open communicaGon with their 
technicians. By acGvely listening to their experiences and challenges, management seeks to 
co-develop digital soluGons that streamline their tasks. This collaboraGve approach is crucial 
in tailoring tools that genuinely address the technicians' needs. 

However, the results also indicate a careful balance to be maintained. While accommodaGng 
technician feedback is important, management also asserts the need for discipline in data 
collecGon pracGces. They urge technicians to prioriGze accuracy and thoroughness in their 
reporGng, emphasizing that these tasks, while seemingly mundane, are essenGal and 
manageable with proper Gme allocaGon. Through this blend of demonstraGon, 
collaboraGon, and guidance, SMEs strive to opGmize data collecGon and analysis in acer-
sales services, ensuring it is both efficient and human-centered. This enhances 
comprehension of the ways in which SMEs can adapt their organizaGonal structures and 
modify work processes to meet the data requirements of Industry 4.0 iniGaGves. Such 
adaptaGons are significantly influenced by the organizaGonal culture, which stands as a 
criGcal factor and challenge in this context (Chanias et al., 2019; Leso et al., 2023; Okkonen 
et al., 2019; Teichert, 2019). 

4.6.3. Using low-code tools for digitaliza5on of aXer-sales service processes 

In examining how SMEs uGlize low-code tools for the digitalizaGon of acer-sales service 
processes, it was observed that their applicaGon is not as widespread as expected. Instead 
of leveraging low-code plaLorms for broad digitalizaGon iniGaGves, SMEs are primarily using 
tools like Microsoc Power BI for specific tasks such as exploratory and ad-hoc data analysis. 
These tasks are ocen managed ad-hoc by departments like finance or by student workers, 
rather than being integrated into a wider digital strategy. 

The use of student workers for these tasks, despite their limited domain knowledge and 
temporary employment, indicates a preference for renewable short-term access to skills that 
can perform exploratory work and development, while contribuGng with new perspecGves 
and ideas. However, this approach presents challenges due to the temporary nature of such 
skills within the organizaGon, supporGng the noGon of (Sanchis et al., 2020). Consequently, it 
is recommended that companies invest in culGvaGng exploratory skills internally, to yield the 
benefits described by (Amaral & Peças, 2021; Su et al., 2023; Yilmaz et al., 2023). This 
strategy ensures a conGnual expansion of knowledge and capability within the company, 
while allowing it to address future challenges effecGvely and maintain a focus on core 
business areas.  

4.6.4. Theore5cal implica5ons 

The novel theoreGcal implicaGon of this paper lies in the extended understanding that data 
maturity, skill locaGon, and choice of soluGon process are Gghtly connected and chosen 
based on the experiences. To specify this novelty, we propose a triadic relaGonship as a self-
reinforcing system of otherwise diverse aspects. In this system, how an SME decides to 
posiGon themselves in terms of soluGon phase and skill locaGon—and how they manage 
these—influence their data quality. Simultaneously, an increasing level of data maturity is 
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required to develop prototypes and full-scale soluGons. This paper thus proposes SMEs 
manage these aspects as a system and not individually.  

From a more direct perspecGve, this research offers insights into digitalizaGon of acer-sales 
service acGviGes in SMEs. This is highly relevant as the industrial revoluGon is currently 
providing increasingly more accessible technologies. These have brought an increased 
awareness to serviGzaGon of business models - a well-known and vital business area for 
SMEs. This research translates highly relevant research problems into this context, 
contribuGng with specific knowledge to be applied to this central business areas. Specifically, 
this research adds to the understanding of the competence need in SMEs, how SMEs engage 
with data maturity improvements, and how SMEs employ Low-Code tools in their acer-sales 
service acGviGes.    

4.6.5. Prac5cal limita5ons 

To address pracGcal implicaGons, this study can be used to guide SMEs on where to allocate 
resources for digital transformaGon. This study explicitly highlights that SMEs should focus 
less on building technical development skills, but instead concentrate their efforts on 
increasing their collecGve data maturity through exploraGon and prototyping to be able to 
deliver high-quality inputs to external development companies. This knowledge of conscious 
decision-making can help SMEs opGmize their digitalizaGon efforts and increase success 
rates in deploying new digital services. 

4.6.6. Limita5ons and future work 

The research conducted here analyzed digitalizaGon of acer-sales service processes in SMEs 
based on six cases. The empirical data that were collected consisted of one semi-structured 
interview per case company. Although the analysis of the interviews resulted in a clear 
definiGon of pa6erns, this was limited to three interconnected themes based on the 
theoreGcal framework presented by Grooss (2024). The study was specifically designed to 
invesGgate a parGcular subset of SMEs currently going through the process of implemenGng 
a specific type of informaGon system. The selecGon of these cases was also based on leads 
from previous cases and through snowball sampling, ensuring compliance with the research 
design. This leads to several limitaGons and opportuniGes for future research.  

First, this research did not compare the results to studies with SMEs that have demonstrated 
a high level of digital maturity or to large organizaGons. While larger corporaGons are not 
within scope of the SME focus, comparaGve analyses could shed further light on the nature 
of SME digitalizaGon. The main interest would be to compare if the approach holds for cases 
that have a high level of internal skills and/or cases that have more financial capital 
available, as well as how organizaGons manage skill locaGon over their own developmental 
progress. 

Second, the research also did not consider the various forms and phases of soluGon 
development in sufficient depth to fully conclude the methodologies used by the studied 
cases. It was ocen unclear in which specific phase a case operated. Specifically, exploraGon 
and prototyping are ocen fluid concepts used by the cases when describing soluGon 
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development and not as discrete cases as illustrated in the abstract model in Figure 4.1. 
There was, however, sGll a clear disGncGon between the two levels.  

Finally, the research only invesGgated three of the themes described by Grooss (2024). It is 
unclear if other themes would have created a wider entanglement resulGng in a more 
complex model than that described in Figure 4.1. AddiGonal themes and combinaGons of 
themes should be studied to be6er understand data maturity as a measure of progression in 
soluGon phases and skill locaGon. 

4.7. Conclusion 

This paper explored three different aspects of the digitalizaGon of acer-sales service 
processes in SMEs. The study sought to describe the needs for technical development 
competences, how SMEs manage data collecGon and analysis from a human perspecGve, 
and how SMEs uGlize low-code tools for digitalizaGon. This was achieved by conducGng 
semi-structured interviews with service managers from six different Danish SMEs and 
focused on the implementaGon of Field Service Management systems to provide a common 
denominator across the interviews. The interviews underwent a themaGc analysis, from 
which an integraGve model was developed. The model visualizes the relaGonship between 
skill locaGon, soluGon process and data maturity.   

In the context of SMEs, the study revealed a nuanced approach to technical development 
competencies for supporGng acer-sale service processes. Internal technical development 
skills were not deemed essenGal by most companies. Instead, there was a greater emphasis 
on fostering conceptual and exploraGon skills, which were considered more crucial for 
problem-solving and innovaGon. 

Regarding data collecGon and analysis in acer-sales services, it appears that SMEs employ a 
mix of pracGcal demonstraGons and parGcipatory methods. This approach stresses the 
significance of these processes, showcasing the real-world impacts of poor data 
management. It aims to contextualize the roles of technicians within the broader business 
framework, underlining their direct contribuGon to organizaGonal improvements. SMEs 
prioriGze open communicaGon with their technicians, co-developing digital soluGons that 
address their challenges and streamline tasks. However, there is a need for balance, with 
management emphasizing the importance of disciplined data collecGon and thorough 
reporGng. 

The study also examined the use of low-code tools in the digitalizaGon of acer-sales 
services. Contrary to expectaGons, the adopGon of these tools was limited, primarily to tasks 
such as exploratory and ad-hoc data analysis using plaLorms like Microsoc Power BI. These 
tasks were ocen handled by specific departments or student workers, which indicates a 
preference for temporary, renewable access to skills linked to new ideas and perspecGves. 
However, the transient nature of these skills presents challenges, which suggests a need for 
SMEs to develop exploratory skills internally. This approach would ensure a sustainable 
expansion of capabiliGes and knowledge, while allowing SMEs to tackle future challenges 
effecGvely and maintain their focus on core business areas. 
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Chapter 5. Reflec;ons, implica;ons, and conclusion 
This final chapter aims to offer reflecGons on the outcomes and methodologies employed in 
the thesis, complemented by a personal contemplaGon. It will then proceed to present the 
scienGfic and pracGcal implicaGons, laying out suggesGons for future research direcGons.  

5.1. Reflec4ons on results 

This thesis has explored how SMEs can engage in the fourth industrial revoluGon through 
incremental digitalizaGon. To achieve this, the research was structured around answering 
five key research quesGons. 

A key finding of this thesis is the importance of exploiGng exisGng resources, which aligns 
with the resource constraints typical of SMEs. This focus helps to navigate the limited skill 
sets and financial resources available in such enterprises. By delving into the operaGonal 
context of SMEs, the research provided insights into the available data and IT infrastructure, 
advocaGng for an incremental approach to digitalizaGon. The developed framework 
emphasizes low-cost prototyping, underscoring the necessity of pracGcal execuGon in the 
implementaGon of digital strategies. This framework is, to the extent of current 
understanding, the first to support the specific resource scarcity in SMEs and address their 
unique needs.  

ReflecGng on this specific focus, it was clear that the companies largely possessed more data 
than they would think, and that there was a substanGal amount of unredeemed potenGal in 
it. The companies had generally been collecGng producGon and maintenance data for years 
without fully leveraging it. In some instances, even basic producGon scheduling data could 
offer valuable insights into asset health, providing a more reliable basis for decision-making 
than mere guesswork. However, these possibiliGes were ocen overlooked due to the 
companies' intense focus on their daily operaGons and a lack of dedicated personnel to 
explore these data resources.  

Despite these insights, it's crucial to acknowledge certain limitaGons. Ocen, the available 
producGon and maintenance data were insufficient to enGrely replace maintenance 
planning and the deep knowledge possessed by technicians and operators. These 
professionals' extensive experience and familiarity with the machinery invariably proved 
more effecGve than the data alone. However, the developed prototypes did aid in enhancing 
their work, contribuGng noGceable improvements to the processes. Yet, it was evident that, 
given the current state of data quality and informaGon systems, the experGse of experienced 
technicians and operators remains irreplaceable. 

This experience also brings to light limitaGons in the framework itself, as the benefits of 
exploiGng exisGng resources eventually reach a plateau in terms of operaGonal performance 
improvements. At this juncture, more sophisGcated data collecGon methods and digital 
technologies become necessary. This infers that there is a need to invesGgate how this type 
of incremental digitalizaGon can develop into full-blown digital transformaGon acGviGes with 
more sophisGcated technologies.  

From a technological standpoint, the control of master data repeatedly emerged as a criGcal 
factor. The research strongly emphasizes that without high-quality master data, any digital 
iniGaGve is ineffecGve. This is echoed in the literature and confirmed in the study's findings. 
This observaGon is not novel in itself, as it is well-known that Industry 4.0 and digitalizaGon 
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are highly data-driven (Horváth & Szabó, 2019; Ma6 & Rauch, 2020). However, beyond 
reinforcing this premise, this thesis highlights that any digitalizaGon efforts in SMEs are 
highly dependent on effecGve digital data collecGon mechanisms and that this data is well 
managed in systems and databases. With this, this thesis stands with the literature that 
highlights technology management as basic enablers for digitalizaGon, suggesGng that this is 
where SMEs focus their iniGal energy. ReflecGng on the contrasGng experiences with the 
different companies, there was a stark difference in data management pracGces. Some 
companies possessed well-structured, voluminous data systemaGcally collected over 
extended periods. This data richness facilitated a smooth collaboraGon, which made it 
possible to dive directly into prototyping development. ContrasGngly, some companies had a 
rudimentary approach to data handling, ocen resorGng to joeng down notes and storing 
them in physical folders. In these instances, it was challenging to scope good cases, as most 
of the three-month period would have to be spend on collecGng new system data or trying 
to salvage the exisGng. This contrast not only highlighted the varying levels of digital 
maturity among SMEs but also underscored the criGcal importance of systemaGc data 
collecGon and management as a precursor to effecGve digitalizaGon efforts. This is also part 
of the reason to focus on acer-sales service companies for the final paper, as they simply 
had be6er data collecGon mechanisms. 

Another significant aspect discussed in the thesis is resource allocaGon. The research 
advocates for SMEs to concentrate their resources on their strengths. The suggesGon is for 
SMEs to avoid in-house development of digital soluGons, opGng instead for external vendors 
and service partners. This approach allows SMEs to focus on their core competencies, like 
innovaGng business processes and enhancing data maturity, providing valuable input for 
future development efforts. The thesis promotes the idea of retaining agility by outsourcing 
technical experGse while preparing the organizaGon internally to collaborate effecGvely with 
developers.  

ReflecGng on this perspecGve, it's important to consider the context of resource scarcity in 
SMEs. At first glance, it might appear counterintuiGve for financially cauGous SMEs to 
consider outsourcing experGse. Yet, the reality is that any digital iniGaGve comes with 
associated costs, necessitaGng investment in terms of both Gme and money. For companies 
lacking the requisite skills or financial resources to embark on digital projects, the strategic 
allocaGon of human resources becomes even more criGcal. By effecGvely managing this 
aspect, SMEs can concentrate on their core revenue-generaGng acGviGes while 
simultaneously acquiring knowledge about developing new digital iniGaGves. Over Gme, this 
approach could enable them to incrementally build the experGse necessary to make 
informed decisions about digital technology implementaGon.  

This thesis has not only developed theoreGcal abstracGons from industrial case companies 
but also reflects the extensive effort involved in the research process. This includes the Gme-
intensive tasks of idenGfying and recruiGng companies, scoping individual case studies, 
understanding their business operaGons, studying their digital infrastructure and data 
foundaGons, and developing digital prototypes. Although these efforts are only implicitly 
represented in the primary papers, they are detailed in the supporGng conference papers. 
These papers contribute to the call for pragmaGc research by offering pracGcal examples of 
digitalizaGon in SMEs for others to draw inspiraGon from. 



Page 94 of 123 

 

While these cases consGtute a substanGal porGon of the thesis, the abstracGons and insights 
collected across the cases have been more informaGve for the model's development. 
Consequently, the included papers focus less on the engineering efforts and more on the 
abstracGon of knowledge, reflecGng the thesis's overarching goal of contribuGng to the 
broader understanding of digital transformaGon in SMEs, rather than the problem-solving 
itself. 

5.2. Reflec4on on research methodologies 

This research has embraced a parGcipatory approach to pragmaGcally examine the 
digitalizaGon of maintenance acGviGes in SMEs. This methodology has been instrumental in 
offering deep insights while also presenGng some inherent challenges, which have 
significantly shaped the research findings.  

The primary advantage of this approach has been the ability to engage closely with the 
subject ma6er. By being closely involved with the problems faced by SMEs, the research 
facilitated a thorough understanding of the realiGes and complexiGes within these 
enterprises' digital infrastructure. This proximity to the problem allowed for an exploraGon 
of deeply rooted issues and parGcipaGon in their resoluGon, thus providing unique insights 
into the context of digitalizaGon in SMEs. The approach has provided a sense of 
groundedness and authenGcity to the project, ensuring that the research remains relevant 
to the industry and that the soluGon space has been realisGc to the SMEs. 

However, this approach also encountered challenges, parGcularly in data collecGon. The 
evolving nature of data collecGon meant that new realizaGons in later case studies were not 
always anGcipated in earlier ones, leading to some difficulGes in retrospecGvely collecGng 
data from completed cases. The lack of a predefined focus during data collecGon resulted in 
a more opportunisGc and context-driven process. While this method revealed data relevant 
to the immediate context, it also made it challenging to determine the comprehensiveness 
of the data collected. To address this in the individual cases, the research employed a form 
of triangulaGon, repeatedly asking the same quesGons across different contexts unGl 
consistent answers were obtained. This method ensured a degree of reliability and 
robustness in the findings despite the unstructured nature of the data collecGon.  

Another severely challenging aspect of the methodology relates to the idenGficaGon of 
potenGal case companies. The iniGal screening relied on publicly available informaGon such 
as the number of employees, profit, and balance sheet. This gave only an indicaGon of the 
case companies, which then required further invesGgaGon. Next, the company's website was 
invesGgated to learn more about their business, which would further indicate the relevance 
of the company. However, it was not unGl direct contact with the company was made that it 
was possible to determine their relevance. As the project went on, this idenGficaGon process 
became more straighLorward, as learnings from the case studies made it easier to assess 
the fit of the next. In future research, it may be beneficial to undertake a qualitaGve study 
based on semi-structured interviews with a variety of companies. This approach could 
involve a more generalized and accessible sampling method, uGlizing publicly available 
informaGon from databases or company websites. ConducGng interviews with these 
companies would not only provide a foundaGonal understanding of the topic but also serve 
as a means to idenGfy and recruit suitable candidates for more detailed, in-depth studies. 
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Despite these challenges, the parGcipatory approach was considered essenGal for this study. 
Capturing the essence of business acGviGes in a quanGtaGve model might oversimplify their 
complexity. Hence, this research aimed to authenGcally reflect the reality of SME 
digitalizaGon, prioriGzing a contextual understanding over numerical abstracGon. 

Looking forward, there are several areas for improvement and reflecGon. Streamlining 
future case studies to minimize variability and developing a more structured methodology 
for conducGng these studies could enhance their comparability and analyGcal depth. An 
important area of further invesGgaGon involves exploring the relaGonship between 
digitalizaGon efforts and operaGonal performance, a gap noted in the current literature. This 
could inform strategies for transiGoning from incremental digitalizaGon to complete digital 
transformaGon. 

Lastly, for researchers in the field of business and technology, it is crucial to maintain their 
roles as observers, learners, and educators. Involvement should remain academic and not 
distort the consultancy industry, and it is essenGal to conGnue to base theorizaGon on case 
study outcomes to make meaningful contribuGons to the knowledge base. 

5.3. Scien4fic novelty and significance 

This thesis contains several elements of scienGfic novelty. 

First, the structured literature review presents 11 focus areas for SME digitalizaGon. From 
these focus areas, three specific recommendaGons are developed to guide future research. 
Furthermore, this review also officially recommends shicing towards pragmaGc research for 
digitalizaGon research in SMEs. The structured literature review generally finds its novelty in 
proposing a future research agenda based on the shortcomings of the contemporary 
research. 

Second, a key aspect of this research is the development of a novel framework for driving 
digital iniGaGves in SMEs, parGcularly focusing on the scarcity of resources. This framework 
is tailored to the specific context of SMEs, offering a nuanced understanding rather than a 
generic soluGon suitable for broader Industry 4.0 implementaGon. To be more precise, one 
of the innovaGve elements of this research is its focus on the ocen-overlooked data 
resources within SMEs. It discusses how SMEs can leverage their exisGng data more 
effecGvely to enhance their level of digitalizaGon. This research is among the first to 
conceptualize and arGculate the uGlizaGon of these data resources, especially in relaGon to 
other technology aspects, such as System IntegraGon and InformaGon Flow, and Digital Data 
CollecGon and Analysis. This provides valuable insights into how SMEs can harness their 
inherent data for digital advancement.  

Third, this thesis also underscores how SMEs should manage their digitalizaGon efforts from 
a human perspecGve. Specifically, it highlights how SMEs should focus human resources on 
co-creaGon processes and prototyping rather than doing in-house technical development of 
digital technology soluGons. This disGncGon distributes the overarching competence 
requirements between the company's workforce and external vendors and collaborators. 

Fourth, this research stands out for its pragmaGc approach, combining pracGcal case studies 
drawn from mulGple studies with theoreGcal insights. This dual approach effecGvely bridges 
the gap between industry pracGce and academic theory, contribuGng to a more integrated 
understanding of digitalizaGon in specific business areas. 
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Lastly, a disGncGve feature of this research is its focus on maintenance and asset 
management within SMEs, an area that has not been extensively explored in exisGng 
literature. By delving into these specific aspects, the research sheds light on criGcal, yet 
ocen neglected, facets of digitalizaGon in SMEs, thereby contribuGng a novel dimension to 
the field. 

5.4. Prac4cal relevance 

This thesis finds its pracGcal relevance in mulGple aspects. First, the thesis emphasizes that 
companies can indeed explore their exisGng data and informaGon system infrastructure to 
increase their digital maturity. Second, it provides a framework that can funcGon as a 
roadmap for SMEs to incrementally digitalize their business processes within maintenance 
and acer-sales service. These insights can guide future digitalizaGon iniGaGves for SMEs. 
Third, the thesis specifically highlights how SMEs can allocate internal resources based on 
data maturity, to manage digitalizaGon efforts effecGvely. Lastly, the supporGng work of this 
thesis provides inspiraGon for specific iniGaGves that SMEs can adopt.  

5.5. Future research 

Based on the findings and discussion of this thesis, the following summarizes potenGal 
future research topics: 

• Refinement in conduc3ng case studies: It is recommended to develop a more 
systemaGc method for execuGng in-depth case studies across various companies. 
This would involve focusing on specific technologies, problem areas, or soluGon 
spaces in a more streamlined manner to enhance the depth and relevance of 
theoreGcal insights. This could also contribute to a more efficient research process. 

• Expansion of case studies: Although this thesis is grounded in the analysis of four in-
depth case studies, which is commendable compared to many exisGng models and 
frameworks, there is value in conducGng addiGonal case studies. Doing so could 
further solidify the robustness and validity of the findings. 

• Transi3on from incremental to comprehensive digital transforma3on: The current 
thesis primarily addresses incremental digitalizaGon through the uGlizaGon of 
exisGng resources as a pathway toward complete digital transformaGon. However, it 
stops short of detailing how organizaGons might progress to more advanced 
technological implementaGons. Future research should delve into how this 
progression can be effecGvely achieved, marking the shic from incremental changes 
to embracing full-fledged Industry 4.0 transformaGons. 

• Applica3on in other business areas: This thesis concentrates highly on maintenance 
and acer-sales service business aspects of SMEs. Future research could invesGgate 
how the findings translate to other business areas.  

• Applica3on in larger enterprises: While this research concentrates on SMEs, 
extending the invesGgaGon to larger enterprises could be enlightening. Such a study 
could explore how the potenGal lack of resource constraints characterisGc of SMEs 
influences the outcomes in larger organizaGonal contexts. 

5.6. Personal reflec4on 

This secGon is a self-reflecGon, so it is wri6en in first-person.  



Page 97 of 123 

 

The journey of conducGng this thesis, parGcularly through the lens of case studies, has been 
a profoundly educaGonal experience, shaping my development as an independent 
researcher. At the outset of this project, the ambiGous noGon was to develop a project that 
could "solve digitalizaGon in SMEs." However, it quickly became evident that the subject was 
far more complex than iniGally anGcipated. 

The opportunity to undertake this thesis and the responsibiliGes that came with it have 
taught me invaluable lessons about engaging with industry from an academic perspecGve. 
Entering as an external enGty with no direct stakes in the company presented unique 
challenges. The success of such an endeavor largely relies on the researcher's personality - 
the ability to communicate effecGvely, empathize with different perspecGves, and gain trust. 
Being adaptable, almost chameleon-like is crucial when integraGng into diverse company 
cultures. Each new corporate environment demands a different set of adaptaGons, making 
trust and likability essenGal qualiGes for a researcher. Gaining trust is not just about being a 
trustworthy individual; it's about demonstraGng to the company that their investment of 
Gme and resources in the research will yield tangible benefits for them. These skills were not 
a part of my repertoire at the start of this project, and I definitely haven't mastered them 
now. These are just my observaGons from engaging with numerous different companies, 
from which I have been rejected by many, to end up with my four in-depth case studies.  

Throughout this process, I've become highly aware of the value that close industry 
connecGons bring to the research base. However, the success of these collaboraGons is not 
just about the research itself; it's significantly influenced by the social interacGons between 
the companies and the university, parGcularly the researchers involved. It's a delicate 
balance of providing academic insights while ensuring relevancy and applicability to the 
industry partners.  

This experience has also required me to re-evaluate and challenge my iniGal percepGons of 
conducGng business and technology research. The complexiGes and nuances of carrying out 
meaningful case studies in industrial seengs have sparked numerous reflecGons and 
learning moments. This thesis has not just been a journey of academic exploraGon but also 
one of personal and professional growth, highlighGng the complicated balancing act 
between academia and industry in the realm of research. 

5.7. Conclusion 

This PhD thesis has answered the research quesGons presented in SecGon 1.3 through three 
research papers. The project began with a comprehensive, structured literature review to 
determine recommendaGons for adopGng digital technologies in SMEs. From this review, 11 
focus areas were idenGfied, spanning three main domains: Technology, OrganizaGon, and 
Environment. Based on these insights, four in-depth single case studies were conducted with 
Danish SMEs, specifically focusing on the digitalizaGon of maintenance acGviGes. These case 
studies were instrumental in developing a conceptual framework that describes the maturity 
stages of digitalizaGon in SME maintenance acGviGes. Subsequently, three research 
quesGons were formulated, addressing the low-performing aspects observed in the iniGal 
case studies. These quesGons were explored through semi-structured interviews with 
service managers from five Danish SMEs operaGng with acer-sales service business models, 
leading to a series of enlightening findings. 
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The developed conceptual framework advocates for low-cost prototyping and pracGcal 
implementaGon strategies, specifically tailored to the resource scarcity in SMEs. This 
approach is innovaGve in its focus on SMEs' unique needs and emphasizes the significance of 
incremental digitalizaGon as a viable strategy for these companies. 

A significant finding is the underuGlizaGon of exisGng data and resources in SMEs. Despite 
having access to years of producGon and maintenance data, the companies failed to 
leverage this resource fully, ocen due to a focus on immediate operaGonal demands and a 
lack of dedicated personnel for data exploraGon. However, where data was systemaGcally 
collected and effecGvely managed, it proved invaluable in guiding digitalizaGon efforts. The 
research also highlights the criGcal role of high-quality master data in the success of digital 
iniGaGves.  

A key recommendaGon of this thesis is the strategic outsourcing of technical experGse, 
enabling SMEs to focus on their core competencies and gradually build digital capabiliGes. 
This approach aligns with the necessity of managing limited resources wisely and 
underscores the importance of human resource allocaGon in driving digital iniGaGves. 

In conclusion, this thesis contributes to the understanding of digitalizaGon of maintenance 
and acer-sales service acGviGes in SMEs by offering a novel framework, emphasizing the 
effecGve use of exisGng resources, and advocaGng for an incremental approach to 
digitalizaGon. These insights provide a valuable roadmap for SMEs navigaGng the 
complexiGes of digital technology implementaGon. The experiences and challenges 
encountered in this research journey also underscore the dynamic interplay between 
academia and industry, highlighGng the importance of pracGcal, case-based research in 
advancing the understanding of digitalizaGon in SMEs. 
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Chapter 6. Appendix 
6.1. Appendix 1: Essen4als for Digitalizing Maintenance Ac4vi4es in SMEs 

The following paper is a part of the supporGng work for this thesis. 

The paper was presented at the 5th InternaGonal Conference on Industry 4.0 and Smart 
Manufacturing in Lisbon, Portugal in November 2023. It is currently in press and will be 
published in Spring 2024 in Procedia Computer Science by Elsevier. 

The content of this appendix is directly copied from this paper.  

Abstract: Numerous research has for long studied the challenges and opportuniGes within 
digitalizaGon of Small and Medium-sized Enterprises (SMEs). While SMEs are financially 
limited compared to larger organizaGon, previous research has succeeded in idenGfying 
potenGal focus areas that allow SMEs to parGcipate in the industrial progression. Among 
these, pragmaGc research on exploitaGon of exisGng resources have been highlighted. 
Therefore, this paper intends to report the findings of a single case study in a Danish SME, 
where the objecGve is to understand how technological sub-factors influence the 
prototyping of digital iniGaGves for advancing maintenance acGviGes. The study begins with 
mapping the maintenance acGviGes, along with the IT infrastructure. From here, relevant 
data is analyzed to understand their shortcomings, where the most dominant relates to how 
technicians report service orders. The paper concludes by idenGfying two sets of three 
technological sub-factors that strongly influence the digitalizaGon of the case company's 
maintenance acGviGes.  

Keywords: DigitalizaGon, SME, Industry 4.0, CondiGon Based Maintenance 
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6.1.1. Introduc5on 

With digitalizaGon being tremendously popular within business and technology research, 
the "how to digitalize" is a common quesGon among especially small and medium-sized 
enterprises (SMEs). Where larger corporaGons ocen have extensive resources to explore 
new technologies, SMEs typically operate on much stricter budgets. This makes it difficult to 
engage in digital iniGaGves and develop their businesses, both operaGonally and digitally. 
Not only is this unideal for the SMEs, but it also hinders the collecGve progress towards 
Industry 4.0 across European SMEs (Sommer, 2015). This is inherently problemaGc as SMEs 
are the backbone of the European economy, why it is vital that they main compeGGve - 
where industrial progression is a major factor (Andulkar et al., 2018b; Ma6 & Rauch, 2020). 
This has risen concerns, quesGons and research proposiGons across both industry and 
academia (Amaral & Peças, 2021; Grooss et al., 2022c; Sommer, 2015). Through the last 
decade, research on Industry 4.0 and digitalizaGon has been mulG-facet, focusing on the 
topic from different angles. Where some papers explore the topic from social science 
perspecGves, such as human capital and sustainability (Jayashree et al., 2021), others focus 
on the development of specific technologies (Welte et al., 2020). However, common for the 
research on Industry 4.0, is the interrelaGon between technological development, human 
and organizaGonal factors, and their surrounding environments. This is clear from the 
numerous digital maturity models that can be found in the literature. These are usually 
based on a linear scale, that embodies different domains, covering technology, organizaGon, 
and environment, which is used to assess companies' digital maturity (C. A. Williams et al., 
2022). In terms of progressing SMEs in digitalizaGon, this ocen leaves the quesGon of where 
to begin, as the many direcGons can seem overwhelming to SMEs (Sommer, 2015). While 
the voluminous nature of Industry 4.0 implies complexity and cohesion among the sub-
topics, some authors propose focus areas specific to SMEs. This can be found in (Amaral & 
Peças, 2021). The authors conduct two case studies on digitalizaGon in SMEs, where the 
focus is to overcome some of the known barriers to Industry 4.0. This is achieved through 
low-cost prototypes and soluGons, that aims to digitalize analogue processes. To measure 
progress, they deploy the framework of (Anderl & Fleischer, 2015), which is highly 
technology focused. Lastly, the authors suggests that pracGcal case studies are vital for 
closing the gap between academia and industry. The specific a6enGon to technological 
factors can likewise be found in (Sundberg et al., 2019). Here, the authors assess digital 
maturity across Swedish manufacturing companies. Despite that the results conclude that 
several smaller organizaGons have very li6le digital presence, organizaGonal capabiliGes 
were generally graded higher than technological factors. The authors infer that the 
companies can "talk the talk" but cannot "walk the walk" towards Industry 4.0 (Sundberg et 
al., 2019). Similar is concluded in (Grooss et al., 2022c), who also suggest that academia 
adopts pracGcal, technology-based research methods, to provide acGonable insights to SMEs 
and to document how they can digitalize. Therefore, this paper will have a pragmaGc take on 
digitalizaGon, which will be studied through a case study on maintenance acGviGes in a 
Danish SME. The remaining secGon are structured as follows: SecGon 2 describes related 
work. SecGon 3 describes the methodology for this paper. SecGon 4 presents the results. 
SecGon 5 discuss the results and SecGon 6 concludes the paper. 

6.1.2. Related work 

Different maintenance strategies and terminology have been manifested by (CEN, 2017), 
which has allowed for a unified language for the understanding of maintenance acGviGes 
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and for the development of maintenance processes has been studied vastly through the 
years. The a6enGon is credited to maintenance being a sensiGve business area for 
companies, as equipment availability, product quality, and costs, greatly impact profit (Zonta 
et al., 2020). This can also be observed in (Quatrini et al., 2020), who find that an opGmal 
condiGon-based maintenance strategy can generate significant benefits in terms of 
compeGGveness, increasing system availability, reducing of maintenance costs, increasing 
product quality and benefit safety management. In relaGon to digitalizaGon, (Høj Brasen et 
al., 2021) introduces a conceptual framework that proposes a relaGonship between data 
maturity and maintenance strategies. The paper suggests that companies can advance to 
more advanced maintenance strategies by improving their data maturity, which has later 
been further explored in two case studies. The collecGve a6enGon to maintenance and asset 
management has led to much research where different approaches are taken to uGlize 
technologies to advance maintenance acGviGes. This has especially been accelerated by the 
rapid development within Industry 4.0, which has introduced advanced technologies that 
collecGvely increases digitalizaGon across companies. Especially noGceable is the 
advancement of PredicGve Maintenance (PdM) where Internet of Things (IoT) technologies, 
data science and Machine Learning (ML) are combined to develop algorithms that can 
predict future breakdowns or component malfuncGons (Quatrini et al., 2020; Rastogi et al., 
2020). While these technologies are highly sophisGcated, they have started to become more 
democraGzed, which has allowed SMEs to parGcipate. Examples of this can be seen in 
(Rastogi et al., 2020; Welte et al., 2020). (Rastogi et al., 2020) presents recent trends of PdM 
in SMEs. The authors analyse more than 55 papers and observes a series of pa6erns that 
they consider as crucial parameters in PdM for the Industry 4.0 domain space. These include 
remaining useful life (RUL), downGme and cost reducGon, performance, and scheduling 
opGmizaGon. The authors also specify that RUL and anomaly detecGon are given most 
a6enGon, as they lead to other benefits, and that Machine Learning and Deep Learning are 
among the most prevalent technologies. However, data is key to succeeding with this, which 
can also be observed in (Welte et al., 2020). The authors present a method for implemenGng 
ML projects in SMEs. Their model proposes a step for checking data availability which 
includes defining the opGmal data set, checking for available data, resoluGon and reliability 
and lastly comparing this to the first to derive its importance. Here, the takeaway is to assess 
if the data is suitable in terms of consistency, frequency and resoluGon. This is up to domain 
experts to evaluate. The data would most typically consist of process data, such as 
vibraGons, temperature and/or acousGc signals. Lastly, the authors also conclude that 
maintenance history is important.  

While these papers represent research within cueng edge technologies, it is important to 
sGll account for the problemaGc nature of SMEs in regard to Industry 4.0 context. SMEs 
remains profit-oriented and risk-averse, which sGll poses challenges to the introducGon and 
implementaGon of advanced technologies. Previous case studies have a6empted to facilitate 
this. (Grooss et al., 2022b) suggest that companies balance their effort in advancing their 
digital maturity with the operaGonal benefits. In this case study, exisGng Enterprise Resource 
Planning (ERP) data was uGlised to improve maintenance acGviGes of injecGon moulds from 
Gme-based to cycle based. This was possible by approximaGng the RUL cycles between 
services. A similar case was conducted in (Grooss, 2023). Here, exisGng system data and 
service reports was a6empted to be used for predicGng remaining useful lifecycles of 
container cranes. The paper found that while the system data was rich and informaGve, the 
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service reports, containing informaGon about breakdowns and repairs, was extremely 
deficient and of low quality. This disallowed the use of this data for predicGng future 
breakdowns.  

Instead, some data could be used to alert technicians about warnings from the systems, 
which improved some maintenance acGviGes from reacGve to prevenGve. This case study 
could indicate that there is some relevance to look into approaches that focus less on 
developing new technologies for SMEs and more on uGlizing exisGng resources. This is also a 
convenient segue to introduce process mining. Process mining is defined as the automaGc 
construcGon of models that can explain pa6erns and behaviour in event logs (van der Aalst 
et al., 2007). ERP systems, and other high-level IT system, typically log all business 
transacGons and acGons taken by the system users. This mean that there will ocen be a vast 
amount of data available in these systems, which can be used for secondary purposes. In 
process mining, this data is exploited to derive interacGon between processes, process steps 
and people in the processes. By using mapping socware, it is possible to extract how 
administraGve processes work and who interacts with who (van der Aalst et al., 2007).  

As much research has been done within process mining, a lot of issues have also been 
uncovered, especially regarding noise in the data (GoederGer et al., 2011; van der Aalst et 
al., 2007). For example, (van der Aalst et al., 2007) work from the assumpGons that each 
event in the system refers to a real-world acGvity, that each event refers to a specific case, 
and that each event has one or more performers - humans interacGng with the former. 
Lastly, they assume that each event has a Gmestamp that posiGons them in a Gme space. 
This also means that only data that has been correctly logged will benefit the process 
mining. Events that have not been logged can therefore not be included, and this may create 
some distorGon in the results. IT systems may also force certain interacGon pa6erns, which 
may cause the process model to reflect system architecture rather than organizaGonal 
behavior (van der Aalst et al., 2007). 

Yet, process mining has demonstrated results through Gme. For instance, (Karray et al., 
2014) develop a knowledge-oriented maintenance plaLorm which is based on semanGcs. 
The system aims to extract knowledge from the use of systems and how the user interacts 
with these, as may represent experience from maintenance operators - specific to each 
maintained system. This knowledge is discovered through repeGGve interacGons with 
processes, which allows companies to uncover pa6erns by experienced operators and 
formalise and share experience with the rest of the organizaGon.  Similarly, (Ribeiro et al., 
2020) propose a methodology for extracGng process states from geolocaGon data. Through 
this data they manage to gain insights about process behaviours in different contexts. The 
authors highlights that this is most useful when the processes are highly structured, 
meaning that one can predict that the process is executed the same way every Gme. Lastly, 
(Du et al., 2021) present a case study on applying process mining for wind turbine 
maintenance based on event logs. The authors conduct process mining across three 
different processes, uncovered process insights, that allowed for improving efficiency in 
some maintenance processes.  

6.1.3. Methodology 

Previous work suggests that research on digitalizaGon of SMEs should take a pragmaGc and 
technology focused, as the development of basic enablers are important for closing the gap 
between research and academia. Likewise, SMEs should focus on exploiGng exisGng 
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resources. Specifically, previous work (Grooss, 2023; Grooss et al., 2022c) have idenGfied 
three technology dimensions, which are found to be important for the digitalizaGon of 
maintenance acGviGes in SMEs. These are: System IntegraGon and InformaGon Flow, Digital 
Data CollecGon and Analysis, and Low-Cost Proof-of-Concepts. To make these more specific, 
this paper will a6empt to specify these more through the following research quesGon:  

Which technological sub-factors influence the prototyping of digital ini3a3ves for 
advancing maintenance ac3vi3es in SMEs?  

This research takes a pragmaGc and parGcipatory approach, which will be conducted 
through a single, exploratory case study with a Danish SME, much like as in (Amaral & Peças, 
2021). The case study will begin by mapping maintenance acGviGes according to the 
framework presented by (Høj Brasen et al., 2021). Next, it will be derived what data and 
informaGon is required for advancing the maintenance acGviGes. Next, the IT infrastructure 
and informaGon flow relevant to the maintenance acGviGes will be mapped. Lastly, relevant 
maintenance data will be reviewed. The data collecGon will be completed using a mix-
method design and will rely on interviews with observaGons and semi-structured interviews 
with relevant stakeholders, combined with qualitaGve and quanGtaGve data extracGons from 
relevant IT systems. The case company will be referred to as CASE. CASE manufactures, 
installs, and services perimeter fencing (PF) systems, consisGng of fencing and manual or 
automaGc sliding gates. Typical customers span from kinder gardens to air force bases.  

6.1.4. Results 

The following secGon will account for the results of the case study.  

6.1.4.1. Maintenance ac3vi3es 
Mapping the service and maintenance acGviGes, using the conceptual framework by (Høj 
Brasen et al., 2021), reveals that CASE primarily operates within CorrecGve and Time-based 
maintenance strategies. Service and maintenance can be done for several reasons. The 
majority of service and maintenance is based on service contracts, where the customer 
commits to a yearly subscripGon for CASE to regularly visit the PF systems to conduct service 
and maintenance. These subscripGons exist in different variety, based on the customer 
needs. Some customers consider perimeter safety as high risk and therefore requires rapid 
or instant response Gme from CASE technicians, where others can wait unGl the next day or 
longer. An overview of the service contracts can be found in Table 6.1. Services are not 
planned based on technician experience, yet technicians may conduct extra maintenance, 
based on subjecGve, experience-based decisions. Some customers do not have any service 
contract with CASE, which means that CASE only visits the PF systems when directly 
requested from a customer. Generally, unplanned breakdowns occur for two reasons. Either 
as a result of wear and tear, causing one or more components to fail, or due to external 
forces. Every once in a while, a PF system may be subject to vandalism or accidents, where 
truck drivers or forklic operators accidentally collide with the PF system. Regardless, when 
these occur, the customer contacts CASE, who must then include sudden breakdowns into 
the service planning. 
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Table 6.1: Overview of service contract levels 

Level Content 
0 No service contract. Service/Maintenance only per customer request, No phone 

support 
1 Yearly (or other interval) service and repair, Repair within office hours, Warranty 

according to legisla5on, Condi5on report a]er service, Fixed hourly rates 
2 Phone support within business hours, Technician on site within 8 hours of 

breakdown within business hours, Warranty according to legisla5on, Condi5on 
report a]er service, Fixed hourly rates,  

3 Phone support within business hours, Technician on site within 4 hours of 
breakdown within business hours, Warranty according to legisla5on, Condi5on 
report a]er service, Fixed hourly rates,  

4 Phone support within business hours, Technician on site within 4 hours of 
breakdown (24/7/365), Warranty according to legisla5on, Condi5on report a]er 
service, Fixed hourly rates 

Based on the maintenance acGviGes and (CEN, 2017) and (Høj Brasen et al., 2021), some 
data is needed for advancing the maintenance acGviGes for a PF system. First, it is vital to 
determine when the PF system was deployed to operaGonal state, as this is the point in Gme 
from where the cycle wear iniGates. Second, to accurately calculate the mean Gme to failure 
(MTF) for components in the system, informaGon about their individual lifeGme is vital. 
Lastly, in order to ensure correct calculaGons, it must be possible to disGnguish between 
components being replaced as a result of wear and tear and as a result of external forces. 

6.1.4.2. System Integra3on and Informa3on Flow 
IT Infrastructure 
The IT systems at CASE can be divided into categories of supported and unsupported by the 
organizaGon (Figure 6.1). The supported IT porLolio is centered around a 2017 version of 
Microsoc Dynamics Business Central (MDBD) Enterprise Resource Planning (ERP) system. 
MDBD is used by most business units across CASE and holds most business-criGcal data. The 
system stores data in an on-premises SQL-database hosted by an external IT partner, 
residing in the same building as CASE. Fully integrated to the ERP system is a Field Service 
Management (FSM) system, which technicians use to interact with work orders and to 
record resource usage (work hours and components).  

 
Figure 6.1: Overview of IT Infrastructure related to maintenance ac0vi0es. 

The FSM system is custom developed by an external IT partner. The system uses the 
database of MDBD and has no own database to store data in. Besides these, CASE uses 
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Microsoc Power BI for business intelligence and reporGng purposes. Outside the supported 
IT porLolio is a feral spreadsheet, which is used by the technical department. This has been 
developed and meGculously maintained by two employees for approximately 30 years. The 
spreadsheet is used to register new serial numbers whenever a PF system is sold. The serial 
numbers are generated manually sequenGally to the last and denoted in the spreadsheet 
along with a short descripGon of the PF system along with some other order informaGon. 
Most of these are redundant as they already exist in the ERP system. The last system is used 
to create electrical schemaGcs called "PC SchemaGcs". Per Danish legislaGon, CASE must 
provide electrical schemaGcs for each variaGon of the PF systems. CASE manages this by 
creaGng a unique scheme for each sold PF system, so they can be updated if changes are 
made to the PF system later in Gme.  

Flow of information 
Whenever a PF system is sold from a sales order, a service item is created in the ERP system. 
This creates a digital "journal" with historical data for the service item. This is used for 
managing invoicing, service planning, work orders and resource consumpGon. By reviewing 
the processes of creaGng and managing service items, it becomes clear that there no 
informaGon on service items that reliably determines the configuraGon of the PF system that 
is sold. The only indicaGon of this, is free-text informaGon, wri6en as short descripGon in 
note forms. The actual configuraGon can be found on the original sales order, where each 
sold PF system has their own Bill-of-Materials (BOM), which has a unique idenGficaGon 
number. However, neither the original sales order ID nor the configuraGon ID are transferred 
to the service item, which makes it difficult to back-trace through the ERP system. 

 
Figure 6.2: Overview of value chain related to maintenance ac0vi0es. 

PC SchemaGcs have a component database, which contains informaGon about each 
electrical component, such as size and connecGons points. As the database is a single file 
stored on a shared folder, it does not have any integraGon to the items table in the ERP 
system. That means that each component is created in both systems, ocen given different 
IDs and descripGons, which makes it difficult to link them across the two systems. This has 
been visualized in Figure 6.2. 
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6.1.4.3. (Digital) Data Collec3on and Analysis 
Input quality 
There are some issues related to the entry of data on service reports. The service order 
consists of some master data from the ERP system such as date, customer informaGon and 
PF systems to service. Acer compleGng the work, the technician must populate the service 
order with Gme and components used. This is important for inventory and invoicing 
purposes. Specifically, the technicians can assign resources (Gme and components) to the 
service order, without specifying which PF system each has been used on. As the technicians 
finds it easier and faster to just assign all resources to the service order, instead of specifying 
it to the individual PF systems, valuable informaGon is lost. Despite having large amounts of 
data on services and historical events. Technicians indicated that this occurs because they do 
not allocate Gme to specify this, and that they may not be aware of the importance of data 
discipline.  

 
Figure 6.3: Visual representa0on of input quality problem. 

Furthermore, this challenges the validity of potenGal RUL calculaGons, as component 
replacements are not correctly posiGoned in Gme. Given an example of a service order with 
four service items for a technician to service. All replaced components used on the enGre 
order may be assigned to the first service item in the list (PFS1), and not to the service items 
where they belong. As a result, some PF system records will have to many component 
replacements in their history, while others will have too li6le. This creates a distorted image 
of the MTF and RUL calculaGons for the components, as the Gme in between each 
component replacement will be wrong. This will also cause more sophisGcated predicGon 
models to fail, as the historical data simply does not correctly reflect the reality. 
Furthermore, this polluted data is also used for service budgeGng, indicaGng that these may 
suffer from low validity as well. A visualizaGon of the problem can be seen in Figure 6.3. 

Installation dates 
There also appears to be some data polluGon regarding installaGon dates of the PF systems. 
Each service item has a field to hold the date of installaGon. This date should represent the 
'birth' of the PF system at the customer and also represents the day from which the 
warranty begins. However, by exploring the populaGon of the installaGon dates, it is clear 
that there are some discrepancies in the data. First of all, the earliest installaGon date is in 
September 1992, but no new system is registered unGl June 1997. This sporadic pa6ern can 
be observed all the way to August 2007, where in 5 months, suddenly more than 500 PF 
systems are installed. Furthermore, there are 484 PF systems without an installaGon date, 
making up for approximately 17%. Lastly, in the last quarter of 2022, only 1 PF system was 
installed. Without further invesGgaGng the validity of the remaining dates, it seems 
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confident to declare that this does not reflect the reality, but merely is a case of unreliable 
data. Upon further invesGgaGon it became clear, some of this data is mainly polluted from 
system seengs and administraGve processes. Firstly, the ERP system logs all data changes to 
a PF system log. This includes when a PF system is moved in between statuses, yet for 
unknown reasons, it does not log when a PF system is moved into the "Installed" status. This 
could have been a way to mend the polluted installaGon dates if this was logged. However, it 
wouldn't help much as the service department sets the status to "Installed" when they 
create the service items - regardless of if they are installed or not. This is the result of lack of 
a process for revisiGng the service item once it is installed, as they would not otherwise be 
moved to "Installed" acer installaGon.  

Service types 
It is essenGal to be able to disGnguish between types of service orders to correctly idenGfy if 
a service order is related to a planned service, an internal malfuncGon, or an external 
damage. Planned service orders are relaGvely simple to idenGfy, as these service orders are 
associated with a service contract IDs. Service orders with a populated service contract field 
can therefore be classified as "Planned service", and as "Unplanned service" if the field is 
empty. The challenges arise when a6empGng to subcategories "Unplanned services" as 
either "Internal malfuncGon" or "External damage". There is no immediate informaGon on a 
service order that holds this informaGon, other than the descripGon field, which is free text. 
This makes it difficult to segment the service order further. To address this, CASE has taken 
upon themselves to start using a specific cost code on the service order invoices, which is 
only used for external damage incidents, such as accidents, vandalism and/or insurance 
claims. The cost code represents a post-accident safety check of the PF system, to ensure 
that it conGnues to live up to Danish regulaGons. This makes it possible to isolate these 
service orders. While this is a promising soluGon, it is important to note that it is relaGvely 
new and does not contribute to the segmentaGon of historical data. Furthermore, it is 
important to note that this soluGon is only as reliable as the administraGve process, which is 
subject to human error. 

6.1.5. Discussion 

It was found that the integraGon between the IT systems, made it easy to track data in real-
Gme between systems. As most IT systems was centered around the ERP plaLorm, it became 
the main data resource. This meant that data from different business units, working in 
different plaLorms, all worked through the same system, centralizing most of the data. This 
made it very easy to locate and extract data for analysis and prototyping, as most could be 
found one place. By default, instantly geeng read rights to one main SQL database, provided 
fast prototyping to the process. Furthermore, having the opGon to manually extract data 
through the UI of the systems, made it possible to instantly analyze data through 
spreadsheets or local scripts. This made it possible to develop cleaning and manipulaGon 
scripts that could funcGon as proof-of-concepts and be easily scaled for future use. In other 
systems, this was more complicated than in others. For example, extracGng from the ERP 
tables could be done through the UI using in-built funcGons, where other systems only 
allowed for this on entry-based levels. In those cases, the data preprocessing seemed 
significantly more complex and Gme consuming. Similar was observed in (Grooss, 2023), 
where all prototyping was done using csv-exports, which was easily extracted from SQLs. 
Similar could be observed in (Grooss et al., 2022b), where producGon planning data and 
service reports was uGlized to esGmate RUL on injecGon molds. Here, the data was also 
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centralized in the case company's ERP system, which made it easy to acquire through a 
single access point. Instances where integraGons between data sources were lacking, also 
advocates for their importance. In the example of CASE, this was manifested by the lack of 
integraGon between the ERP plaLorm and PC SchemaGcs.  

However, this did not seem to influence the quality and relevance of the data, as both high- 
and low-quality data could be found in both supported and unsupported systems. For 
example, the feral spreadsheet proved to contain valuable data, linking criGcal informaGon 
across core business processes. While CASE's effort to maintain this feral informaGon system 
has proven extremely valuable, it is also associated with certain risks in regard to the 
employees' job statuses, health and/or habits. Another example of this can be found in 
(Grooss, 2023), where a spreadsheet was used to denote breakdown on container cranes. 
The spreadsheet contained some macros that would manipulate the data to calculate OEE, 
which would also be used as basis for invoicing. Unknown reasons resulted in these macros 
to malfuncGon, which meant that OEE and invoicing processes was significantly obstructed, 
prevenGng criGcal invoicing. The feral nature of the spreadsheet made it difficult to repair, as 
the original creator of the code provided no documentaGon or support opGons. 
Furthermore, advancing the maintenance acGviGes was highly dependent on historical data, 
as this is a basic requirement for conducGng any type of forecasGng. While the historical 
data of CASE is vast, there are also some challenges in regard to data validity.  

The polluGon of the service records, caused by the poor data discipline of technicians, 
corrupts future similar iniGaGves. While data can be cleaned or preprocessed, backtracking 
registraGon errors and correcGng them, requires some method of validaGon. In this instance, 
this would mean that technicians would have to remember what was exchanges and when, 
which in itself is an impossible task. Again, similar can be observed in the case from (Grooss, 
2023), where the lack of any detailed service records made it impossible to know how and 
what had been repaired. While there were work orders for all the work completed, these 
carried basically no informaGon about the work, and was only used for Gme keeping and 
invoicing purposes, thereby wasGng potenGal for use in maintenance planning. This cements 
the noGon of not only extensively recording historical data, but also ensuring that the 
records accurately represent real-life events. This has also been seen in the domain of 
process mining, where barriers have already been found to include incomplete logs, noise, 
and history-dependent behavior (GoederGer et al., 2011). So, while rigorous data discipline 
is a known challenge within data driven technologies, such as predicGve maintenance, this 
discussion infers that data discipline within maintenance acGviGes has to extend from 
collecGng process data and into supporGng business processes. From a business process 
perspecGve, this suggests that processes should be designed to support the maintenance 
acGviGes directly, but also indirectly ensure high quality data feedback, that can be used for 
future digital iniGaGves.  

Outside the experiments, the staff indicated that some business processes would be easier 
with more historical data. For example, due to the missing installaGon dates, both 
technicians and administraGve staff have a hard Gme idenGfying the age of the system, 
which can otherwise be used to assess the condiGon of different components relaGve to 
Gme. However, it was also found that the ERP system would log the different states of 
producGon orders yet would not record when a PF system was moved from "Planned" to 
"Installed". This made it difficult to esGmate when the PF systems were installed. For 
example, the feral spreadsheet was extremely rich on useful informaGon, containing 
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a6ributes that allowed for mostly mending a vital missing link in the ERP data. The data from 
this spreadsheet was unknown to most in the organizaGon. Some knew about the exisGng of 
the feral spreadsheet, but not what data could be found there, while some others never 
knew it existed. Vice versa, there was also redundant informaGon, manually duplicated from 
other systems. While this didn't directly support the prototyping processes, it may have 
supported other business processes. The assessment of the informaGon richness is 
interesGng in its own, as this is highly context specific, and can be difficult to assess for 
future projects. 

 
Figure 6.4: Conceptual framework describing technological sub-factors. 

Based on the recommendaGons by (Grooss et al., 2022c), the related work, and the results 
of the case study, the following model has been composed. The model (Figure 6.4) intends 
to conceptualize how different technological sub-factors influence the prototyping process. 
Where the previous work by (Grooss et al., 2022c), presented the three technological factors 
as interrelated, yet separate, recommendaGons, this model propose that SI&IF and DDCA 
feeds into LC PoC. This formalizaGon is derived from the observaGons that SI&IF and DDCA 
highly represent resources, where LC PoC represents processes, which are dependent on 
these resources. Based on the results of the case study and the discussion, three sub-factors 
have been idenGfied for each of the two main factors, which should generally seek to be 
increased. For SI&IF, these are "IT PorLolio Support", "IntegraGon" and "Accessibility". IT 
PorLolio Support represents the importance of systems being supported by the formal 
organizaGonal IT porLolio, which deems important, as this ensures conGnuous operaGons 
and development of the systems to support future organizaGonal funcGons. By this, it should 
also be understood that feral informaGon systems should be avoided as much as possible. 
IntegraGon represents the importance of system inter-operability. In this case study it was 
found that systems with well-integrated dataflows made it easy to combine this data. Lastly, 
Accessibility represents the importance of system data being accessible for processing. For 
DDCA the idenGfied sub-factors are "History", "InformaGon Richness" and "Quality". History 
represents the importance of conGnuously collecGng data. In this and previous case studies, 
it was found that the lack of historical data, such as date of deployment, would pollute any 
life cycle calculaGons. InformaGon Richness represents the importance of relevance to the 
data and that informaGon can be extracted from this. In the case studies it was found that 
having a lot of data is not enough, but also that the data is relevant to the specific use-case. 
In this and previous case studies there are examples of massive amounts of data, but that 
this did not turn out to be useful to the digitalizaGon of the maintenance acGviGes. 
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Therefore, it is important to consider what data is relevant to which parts of the 
maintenance acGviGes. Lastly, Quality represents the importance of data accurately 
represenGng real-life events. In the case study it was found that a main challenge was the 
simple in-accurate datapoints. Quality covers not only that the datapoints are measured 
accurately, but also recorded accurately. While other resources, such as human resources 
also feed into the prototyping process, and these are important, this model only considers 
technology factors for a start.  

6.1.6. Conclusion and future work 

The paper sought out to conceptualize a holisGc framework for digitalizing maintenance 
acGviGes in SMEs. The work commenced from previous work, where three technological 
factors was idenGfied: System IntegraGon and InformaGon Flow, Digital Data CollecGon and 
Analysis and Low-Cost Proof-of-Concepts. These were used as the focal point for a case 
study with a Danish SME, that aimed to further specify the factors.  

The case study started out with mapping the maintenance acGviGes according to the model 
by (Høj Brasen et al., 2021). SequenGally, it was idenGfied what data was required to 
increase the digital maturity of the maintenance acGviGes. From here, the case company's IT 
infrastructure and data were analyzed to uncover how these would influence the 
digitalizaGon of the maintenance acGviGes. Here, it was uncovered that there are some 
inherent issues in how technicians would register service reports. To strengthen the 
empirical foundaGon of the conceptual framework, future research should replicate similar 
studies across mulGple case studies. AddiGonally, it is crucial not to overlook organizaGonal 
factors, which are not addressed by the current framework. Therefore, future research 
should strive to incorporate organizaGonal and technological factors into a coherent 
framework that facilitates their interrelatedness. 
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