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Abstract 
Many industries are today facing the possibilities and challenges arising with an increasingly digitalised 
world. One such is the scantily studied industry of earth-moving contractors that today stands in front 
of an increasing amount of digital technologies, which may have the possibility to assist firms in their 
earthwork operations. However, there are indications that many firms tend to experience difficulties 
to beneficially adopt or see the potential of utilising these digital technologies. Hence, many firms tend 
to undertake an adoption approach that is associated with high client dependency and a less beneficial 
unsustainable subordinated position within the industry’s value chain. 

The purpose of this study has thus been to explore how the technological, organisational and 
external elements affect earth-moving contractors’ opportunity to adopt and utilise digital technologies 
in their operations. Moreover, the study has aimed to contribute with the understanding and knowledge 
of how the adoption of digital technology can be used to strengthen Swedish contractors’ position in 
the earth-moving industry’s value chain and in the end, aid the country’s sociotechnical development. 

The findings of the study are based on an explorative multiple case study approach and extensive 
review of literature. The results suggest that the extent to which adoption and utilisation of digital 
technologies differs among different earth-moving firms. Three of the five studied companies are 
considered as digital forerunners which have been able to leverage digital technologies to increase 
efficiency in their operations. In the case of two of these firms, the adoption of digital technology has 
enabled them to transform their whole businesses and partake in an increased and more beneficial role 
within the value chain. Further, the analysis of the findings indicates that the difference in adoption is 
affected by several factors related to a continuous interaction between (1) the internal aspects of the 
organisations, (2) the external context of the firms and (3) if the technical features of the digital 
technologies are perceived as compatible and beneficial for, the current business process and strategy. 

The thesis contributes to academia with explorative findings within a scarcely studied industry in 
general and, regarding digital technology adoption in particular. Additionally, the study provides 
examples of the previously unrecognised industry-dynamic phenomena of value chain integration by 
earth-moving contractors. These findings could have implications for the whole construction sector in 
Sweden. Lastly, the study exemplifies opportunities and barriers crucial for the adoption and 
implementation of digital technologies within smaller project-based organisations.  
 
Keywords: Digitalisation, Innovations, Digital technology adoption, Subcontractor, Earth-moving 
contractor, Telematics, Geodetic technology, Value chain integration, TOE framework, Strategic 
decisions, Diffusion of innovations, Project organisations. 
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Sammanfattning 
Många branscher och industrier idag står inför utmaningarna och möjligheterna som uppstår i en allt 
mer digitaliserad värld. Ett tydligt exempel är maskinentreprenadsbranschen som idag ställs inför valet 
att införa nya och alltmer avancerade digitala verktyg som har möjlighet att främja deras operativa 
verksamheter. Dock finns indikationer att många företag har svårigheter att tillämpa och anamma dessa 
verktyg på ett gynnsamt sätt och är beroende av deras kunders agerande för aktivering av dessa. 

Studiens syfte har således varit att undersöka hur relationen mellan teknologiska, organisatoriska 
och externa faktorer påverkar maskinentreprenörernas möjligheter att aktivera och nyttja digitala 
teknologier i deras operativa verksamheter. Vidare har studien varit ämnad åt att bidra till en ökad 
förståelse och kunskap för hur digitala teknologier kan användas för att stärka maskinentreprenörernas 
position i värdekedjan för att slutändan främja Sveriges sociotekniska samhällsutveckling.  

Rapportens resultat bygger på en explorativ flerfallsstudie samt en gedigen litteratursökning. 
Resultaten visar på skillnader i hur digitala tekniker har tillämpats och används bland olika 
maskinentreprenörer. Tre av studiens fem fallföretag är digitalt framstående och har strategiskt 
tillämpat digital teknik som gett upphov till kraftig effektivitetsökning. Två av dessa företag har 
dessutom lyckats med en gynnsam ompositionering i värdekedjan som dessa befinner sig i, som ett 
resultat av anammandet av ny digital teknik. Vidare påvisar studiens analys av resultaten att möjligheten 
för aktivering av digitala teknologiska innovationer påverkas av ett kontinuerligt förändrande samspel 
mellan (1) maskinentreprenörernas organisatoriska egenskaper, (2) externa omständigheter samt (3) 
huruvida den digitala teknologins tekniska attribut uppfattas som kompatibla och fördelaktiga med 
nuvarande affärsverksamhet och strategi. 

Rapporten bidrar akademiskt med värdefull och explorativ empiri till en industri med en bristande 
mängd av forskning generellt, och i synnerhet gällande utnyttjandet samt tillämpandet av nya digitala 
teknologier. Dessutom bidrar studien med exempel och insikter om ett industridynamiskt fenomen, 
som tidigare ej uppmärksammats, i form av maskinentreprenörers förmåga att förflytta sig i 
värdekedjan. Dessa strukturella förändringar kan få konsekvenser för den svenska byggindustrin. 
Slutligen exemplifierar studien avgörande möjligheter och barriärer för införandet av digitala 
teknologier i mindre projektbaserade organisationer.  
 
 
Nyckelord: Digitalisering, Innovationer, Tillämpning av digital teknologi, Entreprenadbranschen, 
Maskinentreprenör, Telematik, Geodetiska teknologier, Strukturella förändringar i värdekedjan, 
Strategisk beslutsfattande, TOE ramverk, Diffusion of innovations, Projektbaserade organisationer.
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Terminology 
 
Adoption: The decision by an individual or organization to accept an innovation and further 
implement, interrupt and/or modify it (Rogers, 2003). 
  
Building Information Modelling (BIM): Large 3D-models used for compiling and 
visualising information in the designing process of construction projects. 
  
Digital Terrain Model (DTM): Digital terrain model based on digital geographical 
information systems, e.g. drones with cameras and surveying tools. Accessed and modified 
through computer software. 
 
Earth-moving contractor: Defined as contractors whose main operations are earthwork and 
earth-moving activities. 
  
Earth-moving equipment: We use the term to refer to earth-moving equipment as “larger 
construction vehicles in construction and civil engineering, used by earth-moving contractors 
to perform earthwork, i.e. dozers, excavators, scrapers, and graders.”  Several terms are 
commonly used such as, “Construction equipment”, “Heavy duty construction equipment” or 
“Earth-moving machines”.  
 
Geodetic technology: Digital technologies for surveying and staking out.  
 
Hourly-based payment: A common payment form in contracts where the performed work 
is rewarded based on the number of hours a contractor has operated. 
 
Machine control system: A system that is placed on earth-moving equipment in order to 
guide the machine operators in their work. The system is provided a DTM model which the 
machine operator can follow to perform earthwork operations more efficiently. 
 
Piece-rate payment: A performance-based payment where the contractor is paid for its 
performance rather than the number of hours worked. 
  
Telematics & Telematics data: Defined as “automatically collected machine status data” 
transmitted through satellite. Usually accessed through an interface provided by OEMs. 
  
Turnkey contract: A contractor undertaking a turnkey project has responsibility for the 
designing of the project as well as the work to be carried out. 
  
SME: Small and medium-sized enterprises. Defined according to the European Commission, 
as “enterprises that meet the following definition of staff headcount and either the turnover 
or balance sheet total definitions”: Headcount between 10 to 250; Turnover between €2 
million to €50 million; or Balance Sheet Turnover between €2 million to €43 million.
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1. Introduction  
The following chapter presents a background, including a problematization of the Swedish earth-moving industry’s 
current challenges related to a potential technological shift and digital technology adoption. This is furthermore 
funnelled down into to be presented as the thesis purpose and entailed with its main research question, for which the 
report aims to answer. Thereafter, the scientific contribution and delimitations of the study will be introduced and 
finally, an outline of the chapters in the study is presented.  

1.1. Background 
The earth-moving contractors constitute a seldom studied industry within the digitally lagging 
construction sector in Sweden (Sategna et al., 2019; McKinsey, 2016; Tillväxtverket, 2018). Here 
the professional earth-moving contractors in Sweden consist of approximately 4100 small 
individual firms employing about 20 000 workers, making it a fragmented industry without much 
consolidation (Maskinentreprenörerna, n.a.). These contractors provide services where earth-
moving equipment for earthwork activities is needed, especially in the earlier stages of construction 
and infrastructure projects. The firms have various clients and customers but often work as 
subcontractors to larger construction firms, where mainly four large Swedish construction 
companies deliver close to 60 percent of all contracts (Nyström et al., 2016).  
 
Within this industry, global original equipment manufacturers (OEMs) of earth-moving equipment 
have during later years increasingly started to provide construction equipment with various new 
digital technologies. Among these are telematics systems which automatically gather and monitor 
different machine data, e.g. fuel consumption, machine status and maintenance related information 
(Caterpillar, n.a.; VolvoCE, n.a.; Naskoudakis & Petroutsatou, 2016). Also, an increasing number 
of earth-moving machines are equipped with machine control guidance systems enabling increased 
efficiency in earthwork operations. Together, these technologies are stated to enable several 
possibilities for earth-moving contractors to increase their productivity in projects. 
 
To continue, the earth-moving industry is a prime example of an industry where digitalisation is at 
an early stage and where firms have yet to realise the full extent of digital technologies in their 
operations (Maskinentreprenören, 2018). In this, many earth-moving contractors work in a 
reactive way, i.e. by adopting newly introduced technology when it is required by their clients 
(Sategna et al., 2019), making them dependent on the actions of larger actors on the market. Yet, 
some earth-moving firms have been reported to have found ways for utilising digital technologies 
within the industry in a beneficial way for their businesses, though there is a lack of insight within 
research on how this has been made possible. 
 
Turning to previous research, this has addressed several of the technologies related to earth-
moving operations and the possibilities linked to these (Naskoudakis & Petroutsatou, 2016; 
Heikkilä & Jaakkola, 2006; Vennapusa et al., 2015). However, common to this research is the 
narrow technical focus addressing possibilities and problems with the specific technology itself. 
Hoch and Sarb (2018) state that innovation research within the construction industry is limited, 
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especially within the context of small and medium sized firms. Thus, despite the advancements in 
technologies related to earth-moving contractors’ operations, there is a need for research regarding 
how the adoption of new digital technology might impact these firms. 
 
In theory, these forms of challenges are often related to the field of technology adoption. Relating 
to this, previous technology adoption research has to a large extent been based on the Diffusion 
of Innovations (DOI) theory developed by Rogers (2003). Rogers’ theory has also extensively been 
combined with a technology adoption model called the Technology-Organization-Environment 
(TOE) framework (Oliveira & Martins, 2011; Baker, 2012).  
 
However, a large extent of this field of research within adoption has considered information 
technology (IT) and information systems (IS) (Oliveira & Martins, 2011; Baker, 2012; Premkumar, 
2003). Furthermore, Thong and Yap (1995) point out the difficulty to develop a unified theory 
within innovation adoption due to the differences between innovations. As such, in this era of 
digitalisation with new technologies being introduced to several traditional industries, it is of 
relevance to study how technology adoption theories can be applied to the adoption of technology 
in other similar contexts.  
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1.2. Purpose and Research Questions 
Based on the problematization above, the purpose of the study is to investigate how earth-
moving contractors on the Swedish market have chosen to activate and utilise digital technologies 
in their operations. And furthermore, to identify how digital technologies in earth-moving 
contractors’ operations can strengthen their position in the value chain. To fulfil the purpose, the 
study will answer the main research question together with its two sub-questions. 
 

 

Main RQ How can the adoption of digital technology in earth-moving contractors’ 
operations enhance their position in the value chain? 

 

 

RQ1 What digital technologies do reactive adopters and digital leaders within the 
earth-moving industry utilise? 

 

 

RQ2 How does the technological, organisational and external circumstances affect 
earth-moving contractors’ adoption and utilisation of digital technologies in their 
operations? 
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1.3. Scientific Contribution 
Firstly, the study aims to provide empirical contributions to the literature of digital technology 
adoption in the context of the digitally lagging construction industry. Secondly, as the study’s 
analytical framework is based on the Technology-Organization-Environment framework (TOE 
framework), it contributes to the empirical application of this, as called for by Baker (2012). The 
unique context of the Swedish earth-moving industry, it is able to serve as an empirical context to 
build upon the understanding of technological adoption within TOE research. Here, the study 
provides an exploratory basis for a continued research concerning factors affecting technology 
adoption within the earth-moving industry. 
 

1.4. Delimitations 

● The study is delimited to earthworks were firms conduct excavation and grading projects, 
i.e. projects including a planning and design phase. 

● Furthermore, the report is delimited to earth-moving contractors’ earthwork-operations 
excluding the mining sector, crane and rental services as well as potential haulage 
operations. 

● Also, the report is delimited to earth-moving contractors within the Swedish earth-moving 
industry. 

● Lastly, the study is delimited to the adoption of telematics systems for automatic data as 
well as digital technology related to earthwork operations. Thus, it will not regard the 
specific technical architecture within the technology and neither any forms of digital 
technology within the firms such as ERP systems or similar. 
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1.5. Chapter Outline 
The disposition consists of brief descriptions of the contents in each of the eight chapters in the 
report and is presented in Table 1.  
 

Table 1. Disposition of the study, outlining the chapters with a short description. 

Chapter Chapter description 

1.  Introduction 

Presents a background including a problematization of the current earth-
moving industry. This is furthermore funnelled down in a purpose which a 
main research question aims to fulfil. Thereafter, the scientific contribution 
and delimitations is introduced and finally, an outline of the chapters in the 
study is presented. 

2.  Theoretical Framework 
Introduces the theoretical foundation of the study. This is based on theories 
within the field of innovation and in particular the adoption of digital 
technology. Finally, the theoretical framework that is developed for the 
study is presented. 

3.  Research Methodology 

The following chapter presents the methodology of the conducted study 
and begins by addressing the selection of research design, followed by a 
description of the selected methods for gathering and analysis of data. The 
end of the chapter includes a brief introduction to the participating case 
companies and lastly, a consideration on the quality of the research. 

4.  Empirical context 

An introduction to the empirical context that is relevant for the study.  
Firstly, the investigated industry is introduced in a brief overview. The 
chapter proceeds by defining roles in contracts related to earth-moving 
contractors and digital technologies used by these. Finally, a generic 
description of the value chain of earth-moving contractors is presented 
together with a description of telematics.  

5.  Findings 

In this chapter the findings from the interviews are presented, beginning 
with an overview of the participants’ adoption and utilisation of two 
common digital technology themes, followed by separately introducing each 
case company and findings related to these two themes. 

6.  Analysis 

In this chapter, the findings from Chapter 5 are analysed using the report’s 
analytical framework that is presented in Chapter 2. The digital technology 
adoption analysis focuses on the three dimensions mentioned in Chapter 2, 
technological features, organisational characteristics and external context. 
Dimensional constructs and factors that influence digital technology 
adoption in the case of Company A, the incumbent industry leader are first 
analysed. This is followed by the same type of analysis of the two digital 
leaders, Company B and C. Lastly the reactive adopters of digital 
technology, Company D and E are analysed. 

7.  Discussion 

This chapter aspires to argue for the research questions posed in the study 
together with the implications of these. This is then followed by a discussion 
of the study’s implications for sustainability along with the limitations in the 
research design and recommendations regarding future research to be done 
within the field. 

8.  Conclusions 
The last chapter concludes the study’s findings. The purpose is recapitulated 
and following this, the findings and analysis regarding the three categories 
of firms are summarized. Lastly, the chapter is concluded by addressing 
general implications for firms within the earth-moving industry. 
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2. Theoretical Framework 
This chapter introduces the theoretical foundation of the study. This is based on theories within the field of innovation 
and in particular the adoption of digital technology. Finally, the theoretical framework that is developed for the study 
is presented. 

2.1. Technology Adoption in Organisations 
Based on Joseph Schumpeter’s description of creative destruction, the two concepts incremental and 
radical innovation are today frequently used to categorise technological innovations by their level of 
impact on an organisation’s operation or market (Pavitt, 1998; Tidd & Bessant 2013). Herein, 
incremental innovation refers to those innovations that are characterised by continuous 
improvements of existing technology or enhancing existing structures and values, whereas radical 
innovation refers to the opposite (Tushman & Anderson, 1986; Henderson & Clark, 1990). 
 
Based on the concept of incremental and radical innovations, Tidd and Bessant (2013) suggest four 
different “innovation spaces” or “4 P’s”, in which organisations can creating opportunities or seize 
new ideas for capturing value. These “innovation spaces” (also known as the 4 P’s), consist of: 
Product innovation – which refers to changes to an organisation’s products or services; Process 
innovation – referring to changes related to how products are created and delivered; Position innovation 
– referring to changes in the context of where and to whom the organisation offers its products 
or services; Paradigm innovation – meaning changes in the mental models defining what an 
organisation does.  
Furthermore and based on the innovation direction of changes between these four innovation 
spaces the innovation is likely to be of either of a radical or incremental nature, affecting the 
organisation to various degrees (Tidd and Bessant, 2013).  
 
Continuing, a theory that has been developed and referred to extensively in research concerning 
the adoption of (technological) innovations, is the diffusion of innovations (DOI) theory that was 
popularised by Everett Rogers in 1962 (Rogers, 2003; Kapoor et al. 2014). Although the concepts 
of diffusion and adoption are commonly used together in much literature (Wisdom et al. 2014), 
Rogers makes a clear distinction between the two. Here, diffusion is referred to as “the process in 
which an innovation is communicated through certain channels over time among the members of 
a social system” (Rogers, 2003, p. 5). Relating to this, the adoption of innovations refers to the 
decision by an individual or organization to accept an innovation and enduringly implement, 
interrupt and/or modify it (Rogers, 2003).  
 
The diffusion process is often illustrated as an S-curve and the categorisation of adopters with a 
normal-distribution curve, see Figure 1 (Rogers, 2003). Furthermore, the S-shaped curve illustrates 
the rate of adoption, where initially a few units of analysis, e.g. organisations, adopt a certain 
innovation and then the rate of adoption among the members increases, to finally stagnate.  
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Figure 1. Diffusion of innovation (Based on Rogers (2003)). 

 
Moreover, the normal distribution represents the usual distribution of the adopter categories of 
Rogers (2003) consisting of innovators, early adopters, early and late majority as well as laggards. 
In this, the innovators contribute to the smallest category and are the first adopters of an 
innovation and here the rate of adoption is still relatively slow.  The largest categories consist of 
the early and late majority, where the largest share of the adoption occurs, and the rate of adoption 
is high. Lastly, the laggards form the category of the slowest adopters of an innovation.  
 
Consistent with Rogers’ (2003) DOI theory is a frequently used model within technology-adoption 
research called the Technology-Organisation-Environment (TOE) framework (Oliveira & Martins, 2011; 
Ismail & Ali, 2013). This framework was introduced in Tornatzky and Fleischer’s (1990) The 
processes of technological innovation1. The TOE framework offers a model to describe how the adoption 
of technological innovations on a firm-level is affected by the context of a firm (Alshamaila et al., 
2013; Tornatzky & Fleischer, 1990; Baker 2012).  
 
The context is divided into three distinctive components namely, the technological, organisational 
and environmental context. These are described to act either as constraints or facilitators of the 
adoption of an innovation (Tornatzky & Fleischer, 1990). The TOE framework can be applied to 
different types of organisational innovation adoptions (Zhu & Kraemer, 2005) and has 
furthermore become an important framework used to explain the technology adoption 
phenomena (Azadegan & Teich, 2010). A specific strength with the framework consists of the 
consideration of the environmental context which has often been disregarded in diffusion theories 
(ibid.).  
 
Additionally, Baker (2012) emphasises the fact that this is a framework for technology adoption 
and as such, it is highly adaptable to different contexts as well as allowing other theories to 
complement it. For instance, it has been used to describe the adoption of Electronic Data 
Interchange (EDI), Enterprise Resource Planning (ERP), E-business and Radio Frequency 

 
1 The chapter in which the TOE framework appears is in fact written by Rocco DePietro, Edith Wiarda and Mitchell Fleischer. 
However, similarly to most studies utilising the framework we will refer to it as: Tornatzky and Fleischer (1990). 
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Identification (RFID) within various organisations and contexts (see for instance Baker, 2012; 
Oliveira & Martins, 2011; Hoti, 2015). As can be seen, several adoption studies are performed 
within the field of IS and IT research (Mallat, 2007; Zhu et al., 2006a; Oliveira & Martins 2011; 
Baker, 2012; Hoti, 2015).  

2.1.1. Technological features 
Within the technological context, all technologies, both those that have been previously 
implemented by the firm and those that are available for adoption, are evident (Tornatzky & 
Fleischer, 1990; Baker, 2012). Hence, this context is relevant for the adoption of technologies as 
it encompasses the attributes of technology that is available for adoption by the firm (Azadegan & 
Teich, 2010; Baker 2012). From previous research, it is evident that the five attributes relative 
advantage, compatibility, complexity, trialability and observability of an innovation that Rogers (2003) 
presents in his DOI theory have been truly influential in the consideration of the technological 
factors affecting the adoption of an innovation (Alshamaila et al., 2013). Here, several studies have 
shown that these attributes have been influential for the adoption of new technology within firms 
(Wisdom, 2014; Oliveira & Martins, 2011). 

Relative advantage 
Relative advantage describes an innovation’s perceived benefits in comparison to the current state 
that the innovation tries to improve (Rogers, 2003). Thus, the perceived relative advantage 
positively affects the rate of adoption of an innovation. The comparison can be made with a 
consideration to different factors related to for instance economy, convenience or social status for 
an individual (ibid.). From an organisation’s viewpoint metrics such as effectiveness and efficiency 
are also important factors affecting the adoption of an innovation (Lin & Chen, 2012).   
 
Further, the needs of the adopter together with the type of innovation decides on the order of 
importance of these different aspects concerning relative advantage (Rogers, 2003). Also, 
according to Rogers (2003) the individual’s, or another unit of analysis’, perception of the relative 
advantage is fundamental in the consideration to adopt an innovation as it may “objectively” be a 
poorer alternative, but still be perceived as better by the adopter. The relative advantage is usually 
considered to be among the most important aspects affecting the rate of adoption of an innovation 
(Rogers 2003; Tornatzky & Klein, 1982). 

Compatibility 
Compatibility refers to how the innovation fits with consideration to values, past experiences and 
needs of the adopter (Rogers, 2003). When it comes to values these are often related to cultural 
phenomena within the context of the adopter that may inhibit the adoption of an innovation if it 
is incompatible with this context. Further, the needs of potential adopters are important in the 
consideration of compatibility as there might not be a realisation that there is a need of an 
innovation if the adopters are not introduced to it (ibid.).  Here an innovation with high 
compatibility has been shown to affect the rate of adoption of an innovation positively (ibid.). 
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Moreover, in the case when the adopting unit is an organisation the compatibility attribute may 
refer to the business processes and strategy as well as processes for implementation of new 
technology and how it fits with the current infrastructure (Lin & Chen, 2012).  

Complexity 
Complexity refers to the perceived difficulty to comprehend and learn how to use an innovation 
(Rogers, 2003). The complexity of an innovation therefore affects the adoption and 
implementation negatively (Tornatzky & Klein, 1982; Rogers, 2003). Here, a lower complexity of 
an innovation means that less expertise, skills or knowledge are needed for the adoption to take 
place (Wisdom, 2014; Lin & Chen, 2012).  
 
Compared to relative advantage and compatibility, the complexity has not been shown to be a 
factor as important as these however, Rogers (2003) still points out that it is an important aspect 
in the case of some innovations. In relation to this, he mentions that the adoption of the first home 
computers was done by individuals such as engineers and scientists that had past experience with 
mainframe computers and thus perceived the technology to be less complex. Later, with the 
increase of user friendliness, the adoption of home computers became higher as the technology 
became more accessible to less-experienced people (ibid.).  

Trialability 
Trialability represents the possibility to test an innovation in a limited way before the decision is 
made whether to adopt it or not (Rogers, 2003; Lin & Chen 2012). Innovations high in trialability 
are according to Rogers (2003) going to increase the rate of adoption and have been found 
important for the adoption of technology by some studies (Alshamaila et al., 2013). Relating to 
this, Tidd and Bessant (2013) mention that in a case where an innovation has undesirable 
consequences that are displayed during testing and obscure the positive aspects of the innovation, 
the rate of adoption might be affected negatively.  

Observability 
Observability describes the perceived degree of visibility of an innovation’s outcomes to potential 
adopters (Roger, 2003). If the benefits and results of the innovation are clearly visible to others, 
this is considered to positively affect the likelihood of adoption (Roger, 2003; Tidd & Bessant, 
2013). Furthermore, role modelling (or peer observation) is considered as a key factor for the 
adoption and diffusion of new technology and correlates positively with a faster diffusion and 
adoption of a digital technology (Parisot, 1997). To exemplify, according to Sahin (2006) IT 
software as a technological innovation is considered to have a slow diffusion rate of adoption. This 
since IT software in its nature often has a low level of observability (ibid.). 

Financial cost 
In addition to Rogers’ attributes, the financial cost related to adoption of new digital technology will 
be considered as influential for the adoption of digital technology. A high financial cost has in 
previous studies been shown to have a significant negative effect related to the adoption of new 
technology (Kwoka 1977; Love et al. 2001; Harland et al. 2007; Alam 2009; Hameed et al. 2012; 
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Karakaya, 2015). Furthermore, Karakaya (2015) mentions that when the cost of a technology is 
high, factors such as the benefits and risks related to adoption need to be clear for a successful 
adoption to occur.  
 
Moreover, Premkumar et al. (1994) suggest that there are several costs, such as the investment cost 
and operational costs, to consider when regarding adoption. Also, it is suggested that cost is 
especially significant for smaller businesses due to their scarcity of resources available for 
investments (Premkumar, 2003).  

2.1.2. Organisational characteristics  
The organisational context refers to the characteristics and resources of the firm (Tornatzky & 
Fleischer, 1990; Baker 2012; Oliveira & Martins 2011). The process of adoption in an organisation 
is considerably more complex than for an individual as it involves several decision-makers 
including both champions (supporters) and opponents to innovation and further, as it is affected 
by the organisational structures within a firm (Wisdom, 2014; Rogers, 2003). In addition to this, 
Damanpour and Gopalakrishnan (1998) mention that organisations usually adopt innovations with 
the objective to increase performance or effectiveness. 

Size 
With regards to an organisation’s size, both Tornatzky and Fleischer (1990) and Rogers (2003) 
mention that organisational size has been shown to affect the adoption of new technology. Larger 
organisations have been shown to adopt innovations to a higher degree than smaller ones (ibid.). 
Baker’s (2012) summary on the utilisation of the TOE framework also points out that size has 
been a significant factor in many studies within adoption research. Tornatzky and Fleischer (1990) 
mention that large firms are reasonably more able to realise economies of scale with new 
innovations.  

Slack resources 
Regarding the size of the organisation it is pointed out that there may be other underlying factors 
evident in the construct of firm size (for instance, large firms might have more resources available 
than smaller firms), which is important to take into consideration (Baker, 2012; Rogers, 2003; 
Wang et al., 2010). Related to this is the aspect of organisational slack resources, i.e. uncommitted 
human or financial resources available beyond those that are necessary for the current business 
operations (Tornatzky & Fleischer, 1990; Rogers, 2003).  
 
Tornatzky and Fleischer put it as follows “slack is a nice condition, but it is neither necessary nor 
sufficient for innovation to occur” (Tornatzky & Fleischer, 1990, p. 161, emphasis in original). 
Relating to this, Kurnia et al.’s (2015) study on B2B electronic commerce adoption found that 
large firms had more financial resources and thus were able to acquire systems and infrastructure 
required for adoption of the technology.  
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Organisational structure 
Regarding organisational structure, informality and organic structures in organisations are linked to 
adoption of innovations (Baker, 2012). Many researchers have emphasised the fact that a shift 
from informal to formalised relationship communications after adopting a new innovation, might 
have an adverse effect (Wisdom, 2014; Wilkinson, 1999; Storey, 1994). Informal and decentralised 
organisational structures are stated to be best suited in the initial process of innovation adoption 
but less suited in the implementation phase, which rather emphasises a more central decision-
making structure with more formal relationships and structure for report-communication (Baker, 
2012).  
 
Multiple researchers point out that innovations in smaller firms which require employees to 
undertake training are less likely to be adopted, if it is not directly linked to a profit  (Duan et al., 
2002; Wilkinson et al., 1998). Moreover, in a study of small-medium sized privately owned firms, 
Ritchie (1993) found that firms with open communication and minimal policies were more likely 
to adopt new innovations. However, smaller traditional firms which mainly recruited through 
social networks, family members and employees were associated with inhibiting adoption of 
innovation as a consequence of not finding the right human resources (Wilkinson, 1999). 
Additionally, Zaheer et al. (1998) point out that many smaller organic organisations value their 
lateral communication which emphasises that their decision makers are less willing to change the 
structure to adopt new innovations. 

Top management support 
The presence of top management support is a frequently occurring construct in studies within 
technology adoption (Hameed et al., 2012; Baker, 2012; Oliveira & Martins 2011). The support of 
top management has been shown to positively affect innovation adoption, some authors even 
stating it to be crucial for successful adoption (Eder & Igbaria, 2001; Ramdani & Kawalek, 2009; 
Premkumar, 2003). This support is important as it enables resources to be invested in new 
technology and creates an environment which permits adoption of certain technologies (Low et 
al. 2011; Premkumar, 2003). Additionally, the significance of innovation champions among 
management for the success of adoption within organisations has been pointed out frequently 
(Rogers, 2003; Wisdom, 2014; Lee & Shim, 2007; Premkumar, 2003). Champions are described to 
vouch heavily for an innovation and put effort into succeeding with the implementation of a 
certain innovation (Rogers, 2003; Lee & Shim, 2007).  
 
Particularly for small-medium sized enterprises (SMEs), the managers making adoption decisions 
are often included within the top management as well (Ramdani & Kawalek, 2009). For instance, 
the owner-manager or CEO of a business is often directly related to innovation-decisions made in 
SMEs (Ramdani & Kawalek, 2009; Ismail & Ali, 2013). Based on this and the work of Thong and 
Yap (1995), Thong (1999) together with Ismail and Ali (2013), the characteristics of decision 
makers are regarded and how this affect adoption. As these aspects are highly individual in 
concerning a CEO, some authors have regard these in an own decision-making context (Thong & 
Yap, 1995; Thong, 1999; Ismail & Ali, 2013). In this study however, these will be regarded under 
the organisational context as the decision makers are indeed a part of the organisation.  
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To continue, Thong and Yap (1995) mention that the CEO’s role in a small business is determinant 
in the adoption process and their findings showed that the CEO’s innovativeness, attitude for adoption 
and knowledge of the technology had an impact on IT adoption. Previous research suggests that CEO 
innovativeness affects the adoption of technology, especially within the context of SMEs (Thong & 
Yap, 1995; Alshamaila et al., 2013). They relate innovative CEO’s to seeking new solutions and 
doing things differently than before while on the other end of the continuum they regard a CEO 
as an adapter in the case when these merely search for improvements through well-understood 
and tested innovations (Thong & Yap, 1995).  
 
This aligns well with Rogers (2003) who regards individuals high in innovativeness as early 
adopters of new innovations and willing to take risks in achieving this. Here, the CEO role is seen 
to be crucial for the innovativeness for the whole business especially in the context of SMEs 
(Thong & Yap, 1995; Thong, 1999). Also, similarly to Rogers they suggest that a less innovative 
CEO would also mean less risk-taking in the adoption of an innovation whilst CEO’s with a high 
degree of innovativeness would be prone to adopt innovation, even in the case when these mean 
a considerable risk (Thong & Yap, 1995). Due to the varying sizes of the firms within the study, 
the CEO characteristics will be included in the construct of top management support.  

2.1.3. External context 
Tornatzky and Fleischer’s (1990) framework adds substance to the environmental context that has 
been pointed out to be lacking in the DOI theory (Angeles 2013; Baker 2012; Oliveira & Martins 
2011). The environmental context concerns the external environment that the organisation resides 
within (Tornatzky & Fleischer, 1990). Here factors such as the industry characteristics and 
competitors, governmental regulations, customer readiness and support from technology vendors 
are included (Baker, 2012; Tornatzky & Fleischer, 1990; MacGregor & Vrazalic 2005; Aboelmaged 
2014).  

Industry characteristics 
Relating to industry characteristics, Tornatzky and Fleischer (1990) account for several cases where 
the industry has been an aspect affecting the adoption of technologies. Ramdani and Kawalek 
(2009) point out differences in the adoption of new technologies between product and service 
industries due to different needs of technologies. Tornatzky and Fleischer (1990) also mention that 
a presence of skilled workers within an industry may be an enabling factor for a successful adoption 
of technology within the industry and on the contrary, a lack of these might affect this negatively.  
Relating specifically to the construction industry, Nyström (2018) performed a longitudinal study 
on firms active in the Swedish infrastructure market. The results showed that firms undertaking 
contracts characterised by an early project involvement and high degree of operational freedom, were 
found to be more innovative and positively associated with the adoption of new innovations in 
comparison with others (ibid.). Here a high involvement early on in contracts is considered as 
beneficial for the adoption of new innovations in projects (Nyström 2019; Nyström, 2018; 
Eriksson 2017; Nyström et al., 2016a; Nyström et al., 2016b; Eriksson & Kadefors, 2015; Chen et 
al., 2012; Xia et al., 2012; Bygballe et al., 2010; Molenaar et al., 2007). 
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Further, Alshamaila et al. (2013) suggest that in many cases the industry can be a significant factor 
in the adoption of new technologies and showed this to be true for cloud computing in SMEs. 
This is also confirmed in other studies of IT/ IS adoption (Levenburg et al., 2006; Goode & 
Stevens, 2000). On the other hand, some studies also point towards a lack of significance 
concerning this factor (Ramdani & Kawalek, 2009; Alshamaila et al., 2013). Nevertheless, it is of 
interest to see if there are specific factors affecting the adoption of digital technology within the 
earth-moving industry. 

Competitive pressure 
The competitive pressure from competitors in the same market is an often-stated reason for adoption 
of technology (Hameed et al., 2012; Tornatzky & Fleischer, 1990; Chwelos et al., 2001; Zhu et al., 
2006b). It is suggested that this pressure may drive search for new technologies as firms that face 
high competition can experience difficulties in maintaining their competitive advantage 
(Alshamaila et al., 2013; Ismail & Ali, 2013). Relating to this, Tornatzky and Fleischer (1990) 
suggest that low industry concentration, meaning few large firms, has been shown to lead towards 
higher adoption. Here industries with many firms equal in size have been evident to adopt 
technology faster than those with many unequally sized companies (ibid.). 

Clients and customers 
As earth-moving contractors are often highly dependent on their clients and customers it is of interest 
to see how this aspect compares to the theory. Iacovou et al.’s (1995) study indicated that especially 
for smaller firms the dependency on clients was decisive for the adoption of new technology. Here, 
one used measure positively affecting the adoption of new technology is client/business partner 
pressure (Kuan & Chau, 2001; Khalifa & Davison, 2006). Studies have shown that pressure from 
clients, especially when there is a high dependency on these, affects the adoption of technology 
(Khalifa & Davison, 2006; Teo et al., 2003).  
 
Further, another commonly used construct positively affecting adoption within IT research is 
trading/business/supplier partner readiness (Iacovou et al., 1995; Soares-Aguiar & Palma-dos-Reis, 2008; 
Zhu et al, 2003). This refers to the readiness of other actors towards the adoption of new 
technology within the value chain.  

Vendor support 
To continue, vendor support has been regarded by many previous studies regarding technology 
adoption (Hameed et al., 2012; Ismail & Ali, 2013; Fink, 1998). In Chang et al.’s (2007) study, 
vendor support was shown to be a particularly highly valued factor among non-adopters as 
compared to adopters, which was argued to be related to a higher developed knowledge after a 
time of usage for adopters. Especially in the case of SMEs it has been shown to be a considerable 
factor in many instances (Ismail & Ali, 2013; Fink, 1998; Chau & Hui, 2001). Here, IT adoption 
research has indicated that for SMEs, there is often a considerable lack of expertise within the 
adopted technology and thus calls for the presence of vendor support (Nguyen, 2009). Rogers’ 
(2003) mention of change agents could also be linked to the notion of vendor support in the form of 
individuals influencing clients to adopt certain innovations.  
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For dynamic innovations and re-inventions (i.e. innovations that do alter in time, space and/or are 
modified by users during the diffusion process), the vendors’ or change agents’ continuous efforts 
and their contact with potential adopters is critical and considered as highly important (Rogers, 
2003; Karakaya, 2015). These play a crucial role for enhancing the diffusion rate of innovations by 
helping organisations and potential adopters to develop and find innovations which best fit with 
their needs, limits and preferences (ibid). 

Governmental and institutional regulations 
Governmental and institutional regulations are often regarded as an aspect within the environmental 
context affecting the adoption of technology by firms within a certain industry (Tornatzky & 
Fleischer, 1990; Wisdom, 2014; Thatcher et al., 2006; Baker, 2012). These can both stimulate and 
restrain the adoption of innovations as regulations might enforce the usage of some technologies 
but also hinder the usage of others (Tornatzky & Fleischer, 1990). For instance, King et al. (1994) 
suggest that standards are often set in order to influence innovation adoptions, and if done 
properly these can be beneficial for the adoption of technology. Moreover, Kurnia et al. (2015) 
showed that the lack of governmental regulations in Indonesia affected firms’ adoption of IT 
negatively as the lack of these posed uncertainty in the adoption decisions. 

2.1.4. Analytical framework 
Based on the three contextual dimensions and constructs described in Section 2.1.1-2.1.3, an 
analytical framework is presented in Figure 2 for the purpose of analysing the report’s findings in 
Chapter 5. The innovation spaces and classifications presented in Section 2.1 are furthermore used 
to aid the analysis of the effects from adopting digital technology in the studied earth-moving 
organisations.  
 
The three contexts presented in Tornatzky and Fleischer’s original framework have been modified 
in terms of the included constructs. As the TOE framework has no defined major constructs in it 
(Wang et al., 2010; Ismail & Ali, 2013) and as there are several constructs related to the notion of 
adoption, the ones used in this study have been based on previous literature and reviews of these 
which are presented in the sections above. Moreover, the contextual dimensions used in the study’s 
designed analytical framework for digital technology adoption are in this report referred to as: 
technological features, organisational characteristics and the external context.   
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Figure 2. Analytical framework inspired by Tornatzky and Fleischer (1990). 

 
From previous studies, it is clear that when regarding adoption, several factors affect these 
decisions. Hence, rather than for instance relying merely on the technological factors presented by 
Rogers (2003), the study will apply the three dimensions in Figure 2 to analyse the technology 
adoption within the industry of earth-moving contractors.  
 
Firstly, the framework’s technological features are included with the aim to aid the understanding 
of which constructs, related to the technology itself, that influence the digital technology adoption 
within the earth-moving industry in Sweden. The chosen constructs for the technological 
dimension are based on Rogers’ (2003) five adoption attributes and the additional financial cost 
factor. When discussing a firms’ perception of a digital technology’s relative advantage, this will 
also embed the perception of the innovation’s added value when no previous innovations exist, or 
when an industry-specific comparison measure is missing. 
 
Among studies carried out within the area of DOI research, researchers have not always used all 
five of Rogers’ attributes. Trialability and observability are according to some researchers not 
significant for the diffusion and adoption of an innovation (Kapoor et al. 2014; Tornatzky & Klein, 
1982; Mallat, 2007). However, since the report’s studied area has had a rapid development and 
progress over the last decade along with the lack of studies, Rogers’ (2003) trialability and 
observability attributes will be considered when analysing the study’s results. 
 
Secondly, in order to analyse how the organisational context influences digital technology 
adoption, the report’s analytical framework includes the organisational characteristics: size, slack 
resources, structure along with top management support. These four constructs have in previous 

External Context 
▪  Industry characteristics  
▪  Competitive pressure 
▪  Clients & customers 
▪  Vendor support 
▪  Governmental & institutional regulations 

Organisational Characteristics 
▪  Size 
▪  Slack resources 
▪  Organisational structure 
▪  Top management support 

Technological Features 
▪  Relative advantage 
▪  Compatibility 
▪  Complexity 
▪  Trailability 
▪  Observability 
▪  Financial cost 

Digital Technology 
Adoption 
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studies shown to be significant and influential for organisations’ adoption of technological 
innovations. 
 
Thirdly, to aid the understanding of how the external context affects organisations’ digital 
technology adoption, constructs from Tornatzky and Fleischer (1990) have been included. This 
along with the additional construct of vendor support which has been proven to be significant for 
diffusion and adoption of technological innovations in organisations. 
 
Finally, both Oliveira and Martins (2011) and Baker (2012) address the consistency of the TOE 
framework together with Rogers’ (2003) DOI theory. Hence, apart from the technological features 
that clearly relate to Rogers (2003), his model for the diffusion of innovations will also be 
considered together with the analytical framework in the analysis of the results. Also, Rogers’ 
theories on the adoption of technology and his categorisation of adopters add to the basis of the 
theoretical lens of the study.   
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3. Research Methodology  
The following chapter presents the methodology of the conducted study and begins by addressing the selection of 
research design, followed by a description of the selected methods for gathering and analysis of data. The end of the 
chapter includes a brief introduction to the participating case companies and lastly, a consideration on the quality of 
the research.  

3.1. Research Design 
Due to the scarcity of previous studies in the field of digitalisation related to the earth-moving 
industry, an explorative case study approach was deemed relevant (Yin, 2009; Creswell, 2009). 
Here, the study was structured in two phases. First, a pre-study phase was carried through which 
included several meetings and interviews with researchers and experts within the earth-moving 
industry as well as digitalisation. This phase aided to identify and formulate the scope for the study. 
Secondly, the case-study phase consisted of a focused multiple case study where earth-moving 
contractors were interviewed as well as a thorough review of multiple sources of written empirical 
material. 
 
Further, the initial focus of the study was set to explore the usage and further potentials with 
telematics data analysis. This as the project was initiated within the scope of a Vinnova2 project in 
which the participants within this had identified a potential with automatically gathered data from 
construction equipment. However, during the pre-study phase other advanced digital technologies 
related to earth-moving contractors’ business operations were brought up frequently. As these fell 
into the purpose of the study, the scope was broadened to include these tools and operations 
related to these. 
 
To continue, the case study approach allowed the study to contribute to new findings on the 
adoption of technology in an industry currently facing impacts through the adoption of this 
technology. Further, well-developed theories have been established that relate to the different 
aspects related to adoption in the research questions. Therefore, an abductive reasoning was taken 
in order to further exploit the exploratory mindset and let the results gathered through empirics 
guide the research (Blomkvist & Hallin, 2015; Alvesson & Sköldberg, 2008).  
 
Furthermore, this approach allowed for continuous adjustments in the identification of theories 
and the method used in the gathering of empirical material, as the underlying factors relevant for 
the study were not initially clear. In this, it is important to notice that this approach was not set 
prior to the formulation of the problematization of the task. Rather, an open approach was 
assumed at the start of the project, as proposed by Blomkvist and Hallin (2015), that allowed the 

 
2 Vinnova is Sweden’s government agency for innovation that contributes with sustainable, state-funded innovation research and 
development (Vinnova, 2019). The project that this study is related to, consisted of five participating actors from the industry and 
academy. 
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initial information gathered during the pre-study phase to guide the choice of methods to best suit 
the purpose of the study. 
 
In this, a qualitative multiple-case study approach was conducted as this allowed an exploratory 
course to tackle the posed research question (Yin, 2009). The multiple-case study also contributed 
to a more robust result than what would have been possible with a single case as the phenomena 
is illuminated through several perspectives (Yin, 2009). Furthermore, the large number of firms in 
the industry allowed for a convenient way to gain access to several firms to use as cases in the 
study.  

3.2. Data Collection 
The empirical findings of the study mainly consist of information gathered from interviews with 
the case companies. The data from the case companies was primarily collected through semi-
structured interviews with company representatives at different levels. In addition to this, some 
results are retrieved through interviews with people possessing knowledge of the industry, such as 
representatives of the industry’s trade organisation.  
 
Furthermore, material from the industry in the form of industry papers, books regarding the 
construction sector and other sources have been gathered to build a comprehensive knowledge 
and overview of the earth-moving context. Also, literature within the field of technology adoption 
and diffusion of innovation theory has been reviewed as well as published technical articles 
regarding the digital technologies of interest. 

3.2.1. Selection of case companies and interviewees 
Based on the time limit and scope of the project, selection criteria were formulated during the 
initial pre-study phase which each earth-moving contractor needed to fulfil in order to be of 
interest for this study: 

● The earth-moving contractor must be included as a member of The Association of Swedish 
Earth-Moving Contractors (Maskinentreprenörerna [ME]). 

● The company must have its main operations in earthwork operations. 
● The earth-moving contractor must have been founded in Sweden. 
● The earth-moving contractor should not have less than nine employees and a maximum 

of 250. 
● The earth-moving contractor must be registered at the Swedish Companies Registration Office 

and have public annual reports. 
● The earth-moving contractor cannot have an annual turnover higher than SEK 1 billion. 

The pre-study made it evident that there were two main categories of firms within the industry 
that were rather diverse in their general approach to contract forms which qualified for this study. 
The first group of firms could be characterised by their ability to take on the responsibility for 
whole contracts or at least parts of it in the form of turnkey contracts. In contrast, the other group 
of firms were merely offering a service by renting a machine together with an employee to projects 
where someone else had the overall responsibility, and as such working as subcontractors. 
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Additionally, there were firms of different size which also affected their businesses. Together, all 
of these factors called for several cases in order to develop a generalisable result for the industry.  
 
Based on this, five participating case companies qualified as candidates and accepted to participate, 
where an oral non-disclosure agreement was offered to all interviewees before each interview. 
Prior to each interview, all participating earth-moving contractors were contacted with information 
about the study’s purpose and aim. The selection processes of all these interviewees are presented 
below. A comprehensive description of all participating earth-moving contractors is provided in 
Section 3.2.2. 
 
To begin with, Company A was included in the study as it represents one of noticeably few large 
firms within the industry. This firm consists of considerably more employees than the typical firms 
within the industry, and for that reason it was of interest to consider its adoption of new technology 
in relation to the other firms in the study.  
 
Furthermore, during the pre-study phase of the research process, the industry of earth-moving 
contractors was described to have a scarce number of firms that could be characterised by their 
usage of digital tools. However, two firms were frequently mentioned throughout the whole study. 
These two contractors were described as prominent and sources of inspiration within the industry 
with regards to the utilisation of various digital technologies, which are used in their earthwork 
operations. These two candidates, Company B and C, were asked to participate based on their 
insights of digital transformation and furthermore to provide information about the digital 
technologies these had adopted. Moreover, the reasons for them to adopt, how the firms use the 
digital technologies and the effects these contractors had recognised from the utilisation were of 
interest. Also, the aim was to gain the companies’ point of view on internal and external factors 
that have been encountered and that these are facing.  
 
Apart from these, two other contractors were also selected to function as cases to enrich the 
robustness of the empirical findings and create a broader view of the industry with regards to the 
advance of digital innovations. Respondents were contacted from two firms, Company D and E, 
which were described by the ME-association to reflect the generic characteristics of typical 
Swedish earth-moving contractors in the industry. Having these less recognised firms within the 
area of digital adoption helped to depict the general state of the industry, beyond the information 
gained from the industry association’s representatives. This also allowed for comparisons to 
leading firms, which was sought for based on the research questions.  
 
Further, since CEO’s arguably have insights and are influential in all decisions in small-sized firms, 
these were selected as the only interviewees in four out of the five participating earth-moving 
firms. Moreover, because of Company A’s considerably larger size, several interviews were 
conducted with different roles within the company, including the CEO and four other managers 
related to the firms’ operations.  
 
In addition to the earth-moving firms included in the study, an established Swedish vendor for 
an OEM of global earth-moving equipment was also included in the study. This in order to gain 
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information, understanding and insights in the systems of fleet management telematics and the 
vendor’s point of view on the usage of these. Furthermore, the vendor granted the researchers 
access to its telematics system web interface. Also, the inclusion of the vendor allowed the 
acquirement of information regarding other new digital technologies related to the construction 
equipment the vendor sells. The interviews with the vendor also permitted a contrasting viewpoint 
in the supplier-consumer relationship as compared to solely including earth-moving contractors.  

3.2.2. Introducing case companies 
This section will introduce the five participating case companies. A brief description of each case 
participant with material gathered from interviews, internal documents and other written sources 
(e.g. publicly available financial figures) is presented below and a condensed overview can be seen 
in Table 2. Also, a brief presentation of the interviewed Swedish OEM vendor is included. 

Earth-moving contractor A 
As one of Sweden’s leading earth-moving contractors, the company reported a turnover around 
SEK 590 million with a 12 percent profit margin in 2018, a number that is expected to reach SEK 
740 million in 2019. The company has grown through a recent merger with a road haulage 
company as well as by acquiring several smaller earth-moving contractors over the last years. The 
company employs about 200 employees today, making it the largest of the five-participating earth-
moving contractors in this study. The company also represents and uses 50 sub-suppliers and 
subcontractors which are not officially a part of the company.  
 
Furthermore, the company has a mixed machine fleet3 consisting of 180 larger earth-moving 
machines. Active both in Sweden and Norway, the company specialises in larger construction and 
major infrastructure projects which include excavation with larger machines, the relocation of large 
volumes of rock and shaft masses. Furthermore, the company works exclusively as a subcontractor 
with 95 percent of its clients being either construction management companies or Swedish 
authorities, e.g. the Swedish transport administration.  

Earth-moving contractor B 
A leading earth-moving contractor within digital advancement in Sweden and well-known from 
its use of high-tech equipment among contractors abroad. Over the last 10 years the company has 
tripled its annual turnover and in 2018 the company reported a revenue of about SEK 25 million 
and a profit margin around 15 percent. The company has a mixed machine fleet consisting of nine 
earth-moving machines and has 17 employees today. Active in the greater surroundings of 
Gothenburg (<250km). 

  

 
3 A fleet consisting of machines from different OEMs 
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Earth-moving contractor C 
Founded less than five years ago and has been acknowledged in the industry for its rapid 
development and growth using digital technologies. The company is with its annual turnover of 
approximately SEK 10 million, and profit margin of more than 20 percent, the smallest earth-
moving contractor in this study. The firm employs about 15 employees and possesses a mixed 
machine fleet consisting of nine earth-moving machines. Geographically concentrated to a middle-
sized city in the southern part of Sweden and its surrounding area (<250km). 

Earth-moving contractor D 
The second largest earth-moving firm in this study with a reported annual turnover of about SEK 
320 million and margin of about 3 percent. Founded two decades ago and has today approximately 
30 employees and a mixed fleet of 30 earth-moving machines. Furthermore, Company D also acts 
as an agency for 50 sub-suppliers and subcontractors which are not officially a part of the company. 
Geographically concentrated to the greater surroundings of Stockholm (<150km). 

Earth-moving contractor E 
A family owned earth-moving contractor founded more than thirty years ago. Today, its operations 
accounts for an annual turnover of nearly SEK 40 million and a profit margin of a little bit over 
11%. The company employs about 22 employees and have 29 earth-moving machines. Also, the 
company acts as a mediation for an additional 50 sub-suppliers and subcontractors which are not 
officially a part of the company. Geographically concentrated to the greater Stockholm 
surroundings (<100km). 

Global OEM vendor 
The OEM vendor is a Swedish vendor for a global OEM of earth-moving equipment vehicles. 
The OEM is considered, both in Sweden and globally, as one of the industry’s leading 
manufacturer and the one with highest brand recognition. The vendor employs about 400 
employees in Sweden and is part of a larger organisation with over 7,000 employees. The vendor 
sells and delivers OEM machines to the Swedish market.  
 
As the OEM’s only authorised service and maintenance vendor in Sweden, the company sells add-
on service-deals which the majority of its customers use today. In recent years, the OEM and 
vendor has started providing telematics data to their customers through a software as a service 
solution offering, which enables customers to go online and get information about their machine’s 
health, location, fuel consumption etc. Furthermore, the vendor has its own, state of the art, R&D 
unit which includes new technical innovations related to the full construction equipment sector. 
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Table 2. Overview of participating earth-moving contractor case companies. 

Earth- 
moving 

contractor 
Company characteristics Client and customer 

characteristics 
No. 

Employees4 
Fleet 
size 

Turnover 
20185 

Profit 
margin Solidity 

A 

Incumbent industry leader and 
financially strongest contractor; 
More than 15 years of industry 
experience; Rapid organisational 
growth over the last years 

Larger construction 
companies; 
Authorities and 
municipalities 

200 180 pcs 
(Mixed) 

SEK 590 
million 

12 % 38 % 

B 

Digital industry leaders for more 
than 5 years; Average sized 
contractor; Rapid organisational 
growth over the last years 

Larger construction 
companies; 
Authorities and 
municipalities; 
Private customers 

17 9 pcs 
(Mixed) 

SEK 25 
million 

 

15 % 28 % 

C 

Digitally prominent; Average 
sized contractor; Less than 5 
years industry experience; Rapid 
organisational growth over the 
last years 

Larger construction 
companies; 
Authorities and 
municipalities; 
Private customers 

14 10 pcs 
(Mixed) 

SEK 10 
million 

24 % 36 % 

D 

Represents the average earth- 
moving contractor; Strong brand 
recognition; Machine agency in 
road and civil engineering; Over 
20 years in the industry; Average 
sized contractor 

Larger to small-size 
construction 
companies; 
Authorities and 
municipalities 

31  30 pcs 
(Mixed) 

SEK 320 
million 

3 % 35 % 

E 

Represents the average earth- 
moving contractor; Family 
business; Over 35 years of 
experience; Average sized 
contractor; Static organisational 
development 

Larger and mid-size 
construction 
companies; 
Authorities and 
municipalities 

22 30 pcs 
(Mixed) 

SEK 40 
million 

 15 % 23 % 

3.2.3. Interview methodology 
In this case study, 17 individuals in total were interviewed in various environments, i.e. face-to-
face and through video conference, see Table 3 and 4 below. All the interviews have been 
conducted in Swedish and when quotations have been used these have been translated to English 
by the authors. 
 
The interviews were conducted in a semi-structured manner with open-ended questions in order 
to continuously let the findings guide the further development of the research. Due to the 
explorative nature of the study and the use of semi-structured interviews, the interview questions 
were allowed to evolve during the progress of the study (Yin, 2009; Denscombe, 2016). Therefore, 
when new findings were acquired from later interviews, additional contact with previous 
interviewees was taken when it could have an impact on the study’s results.  
 

 
4 Contractor A, D and E have respectively 50, 70 and 20 subcontractors and sub-suppliers which are not included as employees. 
5 Turnover and financial figures are approximated and collected from participating companies reported annual reports. 
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Furthermore, before each interview, the companies were probed for pre-findings regarding their 
usage of digital technology by investigating industry papers, company websites, social media and 
through initial contact with the interviewees. In this, an ongoing discussion with The Association of 
Swedish Earth Moving Contractors has also aided the process of finding relevant interviews with the 
companies and in the understanding of the usage of digital technology. As such, interview 
questions for each interviewee were partly based on these pre-findings, whereas some were 
predefined based on the study’s research questions regarding the adoption and usage of digital 
technologies. 
 
All of the face-to-face interviews were conducted in Stockholm and its surroundings whilst two of 
the interviews were conducted through video link as these firms were located outside Stockholm. 
Specifically, the interview with Interviewee A3 also consisted of a visit at a project site in 
connection with the interview. All the interviews with the earth-moving firms’ CEOs, the interview 
with the business unit manager of Company A, and the supplier were audio or video recorded. 
These have also been transcribed and coded for the sake of analysis. Handwritten notes were also 
used in parallel to capture observations, gestures and other aspects that were deemed relevant. 
Further, on behalf of some respondents, the names of interviewed firms and respondents are 
concealed. 
 
A total of nine different interviewees from the selected earth-moving contractors were interviewed 
in order to investigate their usage of digital technologies in each firms’ operations, presented in 
Table 3. And furthermore, to explore the reason for why each firm had chosen to adopt or reject 
available digital technologies, provided by OEMs and vendors.  
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Table 3. Interviews with representatives from case companies. 

Earth-moving 
contractor Interviewee Title  

(Abbreviation) Type Date Length 

Earth-moving 
contractor A A1 HR manager (HRM) Group-interview 

face-to-face 2019-02-25 1:00 

Earth-moving 
contractor A A2 Service and maintenance 

manager (SMM) 
Group-interview 

face-to-face 2019-02-25 1:00 

Earth-moving 
contractor A A3 Supervisor & machine control 

responsible (SUP) 
Face-to-face  

interview 2019-03-12 1:30 

Earth-moving 
contractor A A4 CEO Face-to-face- 

and phone interview 2019-04-18 1:15 

Earth-moving 
contractor A A5 Business unit manager (BuM) Face-to-face  

interview 2019-04-18 0:50 

Earth-moving 
contractor B B CEO Video conference 

interview 2019-04-05 2:30 

Earth-moving 
contractor C C CEO Video conference 

interview 2019-04-01 2:00 

Earth-moving 
contractor D D CEO Face-to-face  

interview 2019-03-13 1:30 

Earth-moving 
contractor E E CEO Face-to-face  

interview 2019-03-15 1:50 

 
Furthermore, several researchers and experts within the industry were interviewed with the 
purpose to enhance the understanding of the dynamics and structure of Swedish construction 
industry, in which the earth-moving contractors are active. Here, the CEO and a technical 
environmental advisor from the Swedish Association of Earth-Moving Contractors (ME) of the industry 
trade organisation were interviewed several times. This in order to continuously form the 
understanding of the industry as well as to disambiguate the generalisation of the findings from 
the case companies in comparison to the rest of the industry. Also, the interviews with the OEM 
vendor are included with these other external interviews, where all of these are presented in Table 
4.  
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Table 4. External interviews. 

Included in 
phase Organisation Interviewee Title  

(Abbreviation) Type Date Length 

Pre-study 
The Swedish National  
Road and Transport  

Research Institute (VTI) 
X1 Senior research 

leader 
Face-to-face  

interview 2019-02-06 1:00 

Pre-study Royal Institute of Technology 
(KTH) X2 

Researcher - 
specialised in 

industrial 
digitalisation 

Face-to-face  
interview 2019-02-28 1:00 

Pre-study 
The Association of Swedish 
Earth Moving Contractors 

(ME) 
X3 CEO Face-to-face  

interview 2019-01-22 2:00 

Pre-study 
The Association of Swedish 
Earth Moving Contractors 

(ME) 
X4 

Technical and 
environmental 
advisor (TEA) 

Face-to-face  
interview 2019-01-22 2:00 

Pre-study Global OEM Vendor X5 CEO Video conference 
Group interview 2019-02-15 1:00 

Pre-study Global OEM Vendor X6 Sales Manager Video conference 
Group interview 2019-02-15 1:00 

Case-study Global OEM Vendor X5 CEO Face-to-face  
interview 2019-03-13 1:30 

Case-study Global OEM Vendor X6 Sales Manager Face-to-face  
interview 2019-04-01 2:00 

Case-study 
The Association of Swedish 
Earth Moving Contractors 

(ME) 
X3 CEO Face-to-face  

interview 2019-04-11 1:00 

Case-study 
The Association of Swedish 
Earth Moving Contractors 

(ME) 
X3 CEO Video conference  

interview 2019-05-16 1:15 

 

3.2.4. Supervisor 
An appointed supervisor, Professor Mats Engwall, from the Royal Institute of Technology (KTH) 
has supported this thesis with his expertise in the fields of construction industry, industrial 
transformation and academia. Through continuous meetings and virtual contact, from the start to 
the delivery of this report, the supervisor has provided valuable information, support and advice 
of industrial and academic nature when different cross-roads have been encountered. 
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3.2.5. Reference group 
Two reference group meetings were held during the project with the participating actors from the 
industry which represented stakeholders in the Vinnova project the digital subcontractor. During the 
meetings the study’s preliminary and final results have been presented and discussed. As one of 
the meetings was done halfway through the project it allowed for a possibility to gain input from 
the participants to find aspects that might have been ignored in order to deal with these during the 
remainder of the project. The second meeting allowed for a discussion on the final results and the 
generalisability of these when compared to the whole industry. 

3.2.6. Literature review 
The gathered literature has been collected in order to cover different areas of the research. Firstly, 
especially during the pre-study phase but also throughout the entire study, empirical material 
regarding the construction industry and digital technologies used for earthmoving has extensively 
been reviewed and gathered. Here a comprehensive data collection from written industry 
publications, statistics from trade organisations, statistics from Statistics Sweden (SCB) and annual 
reports for the case companies have been used and lay the ground for much of the empirical 
context and understanding of the technologies. The niche industry paper Maskinentreprenören with 
an online search function has been helpful in gaining an understanding of the earth-moving 
industry in particular. Here some articles from Maskinentreprenören and other similar sources have 
been disguised to protect the confidentiality of some participating companies as these have been 
used to gain additional information beyond the conducted interviews.  
 
Continuing, scientific literature has been reviewed for the development of the analytical 
framework. This in order to obtain knowledge regarding the theory to be applied on the study’s 
findings in order to compare the general theories regarding technology adoption and diffusion-of-
innovations theory with the findings from the case studies in the study. Further, previous studies 
regarding digital technologies, mainly consisting of articles with a technical focus have been 
examined to develop an understanding of the current state of research within the context of digital 
earth-moving technologies. For the search of articles and other scientific literature Primo, KTH’s 
library database, has been extensively used in order to gain access to journals and publishers. 
Further, Web of Science, Google Scholar, Scopus, ResearchGate along with Google searches have 
also been used to acquire relevant scientific literature. 
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3.3. Research Quality 
Since the study is based on case studies this implies that it will be difficult to precisely replicate 
the findings, and as such achieve reliability in a similar manner as for quantitative research 
(Denscombe, 2016). However, by presenting and describing the research design and used 
methods in this chapter, the reader gets a transparent overview of the research process and 
the steps taken by the researchers (Denscombe, 2016). The recording of interviews as well as 
transcribing has further assisted a reliable result with less ambiguous results as both 
researchers have had equal possibility to review the empirical material. 
 
Validity has been sought for through the external interviews as well as the empirical material 
in order to triangulate the data and acquire information from different sources (Denscombe, 
2016). Especially the contact with Interviewee X3 was beneficial in order to gain insights of 
the industry as a whole and to validate the findings of the interviews case companies. Also, 
the reference group meetings allowed the data to be validated by allowing reflection on the 
results during the course of the study. Furthermore, the empirical review also contributed to 
the validity as this allowed for a third type of source to be examined. As mentioned in Section 
3.2.2, contact has been held with participating case companies during the progression of the 
study regarding data and statements gathered during interviews in order to get them validated 
when answers have been ambiguous. 
 
The qualitative nature of the study means a difficulty to generalise the results with certainty 
(Denscombe, 2016; Creswell, 2009). However, the use of a multiple case study has allowed 
for increased generalisability as the cases have been chosen based on differences of the 
companies. Especially the inclusion of Company D and E allows for a more generalisable 
result relating to the rest of the industry in which the study has been conducted. Moreover, 
the presentation of the companies as described in Section 3.2.2., allows for a basis to compare 
the firms. Also, similarly to the validity, the generalisability has been improved through the 
continuous contact with industry experts and other individuals not related to the case 
companies per se. 
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4. Empirical context 
The following chapter presents the empirical context that is relevant for the study. Firstly, the investigated industry is 
introduced in a brief overview. The chapter proceeds by defining roles in contracts related to earth-moving contractors 
and digital technologies used by these. Finally, a generic description of the value chain of earth-moving contractors is 
presented together with a description of telematics. The information presented here is both acquired through the 
gathered empirics along with literature and other forms of sources from the field.  

4.1. The Swedish Industry of Earth-moving Contractors 
Approximately 4100 earth-moving contractors are reported as members of The Association of Swedish 
Earth-Moving Contractors (ME), together these contractors employ about 20 000 people in Sweden, 
see Figure 3. Here white-collar workers have been reported to account for about 11 percent of the 
employees within the firms. The member-contractors represent about 60 percent of the whole 
industry and 70 percent (approximately SEK 26 billion6) of the industry’s total turnover.  

 

 
Figure 3. Information of ME-affiliated earth-moving contractors (Interviewee X3). 

 
Three industry sectors dominate the distribution of ME member-firms: Infrastructure, Building 
construction and Mining. Geographically, infrastructure and building construction are generally 
following the Swedish population density, while mining is mostly found in the northern part of 
Sweden. No records exist of the number of firms existing in each sector, however, in Figure 4, the 
distribution of ME-member firms’ active sectors are presented according to the union trade 
agreement which each sector uses. 
 
 

 
6 Based on estimation of SEK 1.3 million per individual according to ME. 
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Figure 4. Overview of ME-member firms’ sector distribution according to used union trade agreement. 

 
Traditionally, the majority of Sweden's earth-moving contractors have taken trade contracts which 
are based on hourly-rate payment. The reason for this has historically been related to a risk aversion 
among the earth-moving firms and has meant an easy model for calculations in case of economic 
fluctuations (Interviewee X3). During more recent years, an increased number of firms are seen to 
enact in projects based on piece-rate payment. Swedish earth-moving firms have also historically 
been found to have exceptionally high solidity from carefully conducting services and maintenance. 
 
Further, representatives from ME estimate the number of machines to be approximately between 
25 000 and 30 000 units.7 An accumulated sum of, what is to be regarded as, construction 
equipment that have been sold and delivered between 2012-2018 along with 2018 separately, are 
provided in Figure 5. 
 

 
Figure 5. Own compilation of reported sales distribution in Sweden between 2012 and 2018 (based on 

MaskinLeverantörerna and the industry paper Entreprenad). 

 

 
7  No official data over earth-moving machines used on the Swedish market in 2019 could be found and thus these figures are 
based on compiled data from MaskinLeverantörerna and an industry paper called Entreprenad.  
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4.2. Roles Related to Earth-moving Contractors 
The majority of Sweden's earth-moving contractors are positioned as subcontractors in the 
construction industry’s hierarchy (Interviewee X3). Their tasks are often confined to performing 
earthwork operations which include operations such as excavating, grading, loading and hauling 
materials to prepare a ground for construction of buildings or other features. These are normally 
done during the early stages of civil-engineering and infrastructure projects for their clients, 
typically large main contractors, see Figure 6.  
 

 
Figure 6. General project life-cycle phases. 

 
Here, many earth-moving contractors are today characterised by being subcontractors working 
with a traditional contract responsibility (Interviewee X3). This means that they are hired to 
execute the desired project in accordance to their client’s provided detailed specifications on the 
work to be done (Konkurrensverket, 2014). This typical contract role in relation to other actors in 
a project is presented in Figure 7. The roles can differ between projects, but the main relations are 
depicted in the figure. This has been the traditional position of the earth-moving contractors 
although, a trend towards increased responsibility for several parts of the project has been 
observed (Interviewee X3).   
 
 

 
Figure 7. Roles in a typical contract. 
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To continue, the role of the designer is usually asserted to different designers such as architects, 
engineers and specialised designers for tasks such as ventilation, heating or geodesy (Söderberg, 
2011). The role of the designer is to create project documents based on the client’s requirements 
to be used as a basis for the different operations to be undertaken during a project (Byggledarskap, 
2014). Thus, these documents lay the foundation for the work of earth-moving contractors 
together with other subcontractors. 
 
The role of surveyors in construction projects is to manage geodetic measurement tasks in the 
form of surveying and staking out (Nordmark, 2008). Surveying operations are in general 
conducted by the main contractor, such as Skanska and NCC, or by externally hired consultant 
firms specialised on geodetic measurement tasks (Lantmäteriet, 2013). The task of surveying relates 
to determining positions of features and surfaces before the initiation of a project as well as 
continuously measuring information on objects that are constructed during the project 
(Lantmäteriet, 2013; Johansson, 2011). With this, a documentation on the construction is acquired, 
which provides a basis for creating maps, terrain models and information on features 
(Lantmäteriet, 2013; Stridfeldt). Continuing, the task of staking out has traditionally consisted of 
establishing marks and lines as a reference for construction workers and machine operators 
(Lantmäteriet, 2013; Johansson, 2011).  

4.2.1 Digital technologies in relation to the roles 
Relevant digital tools for the different occupations and operations related to the roles presented 
above will be addressed and how these are affected by the technologies.  

Machine control 
Machine operators work closely to surveyors as these are generally responsible for providing the 
information on where earthwork operations need to be carried out (Byggledarskap, 2014). The last 
10 years have seen an increase in the usage of machine control systems within the tasks of earth-
moving contractors (Nilsson, 2010). These systems provide an aid for machine operators in the 
earth moving process as these provide a reference based on GPS coordinates that is transmitted 
to the machine (Schofield & Breach, 2007). Construction equipment with machine control systems 
utilise sensors to provide information on the current status of factors, such as the machine’s 
current bucket position (Trimble, 2014). Also, these machines are equipped with antennas for 
receiving GPS signals, see Figure 8. 
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Figure 8. Machine Control System (Novatron, 2019). 

 
These systems allow for increased efficiency as the need for stake-out operations performed by 
surveyors, such as marking the ground and using string lines for reference, is eliminated (Schofield 
& Breach, 2007). In addition to this, the same surveyor may now have several projects ongoing in 
parallel as the role becomes less dependent on physically being available at the site (Schofield & 
Breach, 2007; Interviewee A5).  
 
Machine control is enabled by transferring digital terrain models (DTM) that have been based on 
the project documents produced by the main contractor, developer and designers. This can either 
be done by manually transferring the models through the use of for instance USB or by sending 
this information wirelessly to the construction equipment (Schofield & Breach, 2007; Interviewee 
A3). This provides a model that the machine operator can be guided through when performing 
grading, excavating or other earthwork operations (Schofield & Breach, 2007). Usually, the role of 
a subcontractor means that the models are supplied by the main contractor to the earth-moving 
contractor (Interviewee A5). The significance of machine control usage between the actors within 
a generic contract is demonstrated in Figure 9. 
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Figure 9. The machine control’s position within the contracting structure. 

 

Geodetic technology  
Further, in recent years the task of staking out has increasingly become more transferred to 
machine control systems (Werner 2016; Berndtsson, 2011). Relating to the introduction of 
machine control systems, the role of a surveyor has also come to include other tasks related to 
geodesy, such as the creation of DTMs8 for these systems based on documents and models from 
designers in a project (Nilsson, 2010; Johansson, 2011).   
 
Conventionally, these tasks are done on the ground-level by a surveyor with a total station where 
triangulation is used to measure distances and angles based on reference points (Lantmäteriet, 
2013). However, there exists other tools for surveying as of today, such as handheld GPS receivers, 
or other digital tools based on different satellite systems (ibid.). These serve the same function as 
traditional forms of surveying but are based on GPS-technology instead.  
 
Further, drones for aerial surveying are becoming increasingly more common, which is cost- and 
time-efficient when surveying large areas (ibid.). Aerial measurements go by the name of 
photogrammetric measurement9, as compared to geodetic measurements, which are made on 
ground-level (ibid.). Yet, the goal of surveying a specific area is the same for both methods 
although the precision differs between the methods (ibid.). Lastly, there are several other 
technologies and types of methods for surveying than the ones listed here. However, the intention 
is not to introduce an exhausting list but rather give an insight into some of the tools used. 

 
8 DTM stands for digital terrain model. Common variations of the term are 3D/terrain/surface/earthwork models. These are not 
to be confounded with BIM-models (presented below) that are considerably larger and contain more information. 
9 For the sake of simplicity, both photogrammetric tools and geodetic tools are referred to as geodetic technologies/tools in the 
study. 
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Building Information Modeling (BIM) 
Today, digital CAD and building information modeling (BIM) through software, such as 
AutoCAD and Revit, is an integral component in the designing phase (Nordstrand, 2008; 
Framtid.se, n.a.). Here, designers, architects and other roles related to the designing share a digital 
model and are able to access different parts and objects of it (Nordstrand, 2008). This enables both 
3D-visualisation10 in computer-software as well as access to information on different aspects in 
the construction (Nordstrand, 2008). Additionally, these models allow for mass calculations and 
information related to the control and documentation of the masses handled within projects 
(Nilsson, 2010). The process for 3D visualisation and conversion to earthwork models for machine 
control is shown in Figure 10. 
  

 
Figure 10. BIM process for machine control system. 

 
Typically, designers possess enough competence within 3D-modelling however, the transfer from 
designer to main contractor and surveyors is stated to often be inadequate (Nilsson, 2010; SBUF, 
2012). The models often require to be converted and adjusted to suit machine control systems as 
the machines are only able to handle small amounts of data, compared to the large BIM-models 
provided by designers that are not optimised for machine control (Nilsson, 2017; SBUF, 2012).  

4.3. Telematics Supply Chain in the Earth-moving Context 
The earth-moving industry’s supply chain for machines and equipment consists of several OEMs, 
vendors, suppliers, earth-moving contractors along with customers and clients in different sectors. 
Therefore, a simplified model of the supply chain is shown in Figure 11.  
 

 

 
Figure 11. Earth-moving OEM equipment supply chain. 

 

 
10 Virtual, augmented and mixed reality (VR, AR, MR) technologies can today be used to visualise BIM-models. 
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Here, global OEM manufacturers develop machines which are sold through local vendors to earth-
moving contractors. As can be seen in the figure, vendors are prone to sell service deals for their 
customers. In recent years, vendors and OEMs have begun to include telematics hardware 
solutions on earth-moving contractors’ machines to collect machine data and furthermore, to 
provide different software as a service11 (SaaS) features to its customers. This type of service allows 
the contractor to access a user interface (UI) online, which displays various types of data and 
information about the machine’s status, services, location and operations.  
 
Telematics is a combined word which interlinks telecommunication and informatics. It is used to 
describe the combined use of communication and digital information technologies that 
automatically collect, store, send and receive information through remote telecommunication 
devices over a network. Telematics data has been used for some time in earth-moving vehicles and 
equipment where users can gain access to information about the machine fleets’ health, real-time 
asset location, operating hours, fuel burn, events, idle time and diagnostics, among other things. 
This to be used for activities such as service and preventative maintenance, productivity 
measurements, utilization, idle reduction, equipment health monitoring, fleet management, 
environmental reports, cost estimations etc. Other examples of use are displayed in Figure 12. 
 

 
Figure 12. Overview of telematics including clusters of business use in other industries (Geotab, 2018). 

 

 
11 A software distribution model for subscription-based services, in which a provider hosts applications and information which are 
offered to customers through the internet. 
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Today telematics is used in various functions which integrate with each other, for which different 
OEMs categorise combinations of the parameters in various ways. Nevertheless, all newer earth-
moving machines that are delivered today are equipped by OEMs with a legacy engine system 
(LES), which is an internal system within the machines. This is coupled with the machine’s engine 
and grants operational functionality as well as registers data for when the machine is active, which 
is provided back to OEMs and vendors. The LES furthermore has a secondary function by 
providing data back to OEMs and vendors.  
 
Furthermore, a performance monitoring (PM) system (also known as a vehicle health monitoring 
system, VHMS) monitors the performance related to machine health, fuel consumption, 
diagnostics etc. The PM systems gather standardised parameters from the LES which is filtered 
and stored on the OEMs servers. Thereafter, the data is sent back to the PM system which is 
accessible for users as a service (often subscription-based) via a web-based user interface (UI), 
where information is presented in graphs, reports, visualisations and more (e.g. VisionLink, 
CareTrack, my.cat.com, ConSite etc.). A principle overview of the process can be seen in Figure 
13.  
 

 
Figure 13. General overview of performance monitoring (PM) system. 
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standard12 was approved by the Swedish Institute for Standards (SIS). This includes 20 
standardised parameters and facilitates mixed-fleet usage.  
 
The way the standard works is that each telematics provider (OEM) retrieves the data from the 
machine and stores the data on its servers. The standard comes into play after the data is 
transmitted from the machine to the telematics provider server. The telematics data is then stored 
and processed by the OEM provider and possibly shared with its vendors and suppliers. The end-
user is granted access to the standardised data and certain processed parameters/services via a user 
interface (i.e. website) that is provided by either the OEM or vendor, or remotely forward via 
Application Product Interface (API). The API enables the 20 standardised parameters to be 
forwarded to a server of users’ choice, offered as a service by the OEM/vendor, or developed by 
the user with external tools. 
 
Before the OEM or vendor provides the customer with telematics equipment. the user is required 
to sign a contract and a legal disclaimer that determine which data the OEM can access and for 
what purpose. This allows the OEM to host and conduct analysis on the user’s data in order to 
improve the product and create more efficient services. In exchange, the user is provided with 
data-driven services by the OEM, that are linked with the result of the analysis. 
 
 
 
 

  

 
12 SIS-ISO/TS 15143-3:2016, Earth-moving machinery and Mobile Road Construction machinery—Worksite Data Exchange—
Part 3: Telematics Data. (See Appendix A for a summary of standardised data parameters.). The standard is not applicable for on-
board data collection and communication protocols (e.g. CAN bus) or wireless communication after data has been collected and 
registered in the machines log system.  
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5. Findings 
In this chapter the findings from the interviews are presented, beginning with an overview of the participating 
companies’ adoption and utilisation of two common digital technology themes, followed by separately introducing 
each case company and findings related to these two themes. 

5.1. Digital Technologies in Earth-Moving Operations 
All the firms in the study explained that these, to a varying extent, used different forms of digital 
technologies. In the following sections an overview of two different themes of digital technologies 
that were found to be used by the participating earth-moving case companies is presented.  
 
First, a general overview of each contractor’s current state is presented in Table 5 related to: 
number of employees, white-collar workers, fleet sizes, average depreciation time, type of 
telematics provider and if the contractor has a service agreement with an OEM. Here important 
differences between the included firms is the large size of Company A as compared to the rest of 
the firms. Also, Company B and C display a considerable number of white-collar employees as 
compared to the rest of the firms13. 
 

Table 5. General overview of case contractors related to their size. 

Company Employees 
(Subcontractors) 

White-collar 
(% of employees) Fleet size 

Avg. 
depreciation 

time 

Installed 
telematics 

OEM Service 
deals 

A 200 
(50 SC) 

30 
(15%) < 180 pcs 5-7 years OEM Yes 

B 17 6 
(35%) 9 pcs 5-6 years OEM & 

3rd party Yes 

C 14 4 
(29%) 10 pcs 5-6 years OEM Yes 

D 31 
(70 SC) 

8 
(26%) 30 pcs 5 years 3rd party No 

E 22 
(20 SC) 

2 
(9%) 30 pcs 10 years OEM Yes 

  

 
13 The percentage displayed in Table 5 is calculated on the employees, not including subcontractors, and as such, this 
distribution for Company A, D and E seems somewhat higher than the reality.  
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5.1.1. Machine control and geodetic technologies   
The general adoption of digital earthwork technologies today, by both the smaller firms and the 
larger one can be divided into six different categories consisting of: 

1. GPS/GNSS Machine control: Machines equipped with 3D and GPS coverage allowing 
for efficient operations and less need of surveyors. 

2. Digital Terrain Model (DTM) software: Software for developing and modifying 3D-
models based on data collected from surveying instruments or UAVs. 

3. Traditional surveying instruments: Tools for detailed surveying on ground level. 

4. Unmanned Aerial Vehicle (UAV): Used for aerial measurements and collection of large 
amounts of data points. 

5. Visualisation tools: advanced visualisation technologies based on BIM-models (e.g. 
Microsoft HoloLens and Trimble SiteVision)  

The usage of these digital technologies in the case companies is presented in Table 6 where the 
check marks indicate an adoption and cross marks that these are not adopted by the firms. As can 
be seen, similarities are evident for the three firms, A, B and C, that can be considered as leaders 
within the industry and for the two more traditional firms, D and E, when it comes to the adoption 
of geodetic technologies. 
 

Table 6. Overview of digital earthwork technologies adopted in the participants’ operations.  

(✓ - Adopted ✖ - Not adopted) 

Company GPS/GNSS 
Machine control 

DTM 
software 

Surveying instruments  
(Total stations, Rovers 

etc.) 

UAV 
 (Drone etc.) 

Visualisation tools 
(VR, AR, MR) 

A ✓ ✓ ✓ ✓ ✖ 

B ✓ ✓ ✓ ✓ ✓ 

C ✓ ✓ ✓ ✓ ✖ 

D ✓ ✖ ✖ ✖ ✖ 

E ✓ ✖ ✖ ✖ ✖ 
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5.1.2. Telematics systems 
Telematics systems offer access to at least 20 standardised parameters relating to information on 
machine status. To simplify, these can be clustered together into five different categories consisting 
of the following: 

1. Maintenance and repair: Historical service and maintenance data, service schedule. 

2. Fuel utilisation: Fuel consumption, idling time. 

3. Asset utilisation: Operating hours, cycle times. 

4. Real-time machine status & location: Geofence (Anti-theft), machine service location, 
fault codes and error alerts. 

5. Productivity: Payload and/or fleet management (i.e. asset allocation & route optimisation) 

In general, the usage of automatically collected telematics data related to the above categorisations 
was found to be limited, see Table 7. Here the largest firm, Company A, had adopted several 
features whilst the smaller firms used the systems to a lesser extent. Further, relating to the 
possibilities with telematics systems, it was mentioned that a crucial aspect related to machines was 
to avoid downtime as this was a high cost for the companies. Another high cost was related to fuel 
consumption due to governmental regulations and taxes. 
 

Table 7. Telematics system features adopted and used in the case companies’ business and operations. 14   

(✓ - Adopted ✖ - Not adopted) 

Company Maintenance & 
Repair Fuel utilisation Asset utilisation Real-time machine 

status & location Productivity 

A ✓ ✓ ✓ ✓ ✓ 

B ✖ ✖ ✖ ✖ ✖ 

C ✖ ✓ ✖ ✖ ✖ 

D ✓ ✖ ✖ ✓ ✖ 

E ✖ ✖ ✖ ✓ ✖ 

 
14  In order for an earth-moving contractor to be recognised as an adopter/user of a telematic feature, it has been deemed necessary 
that the feature is used systematically and continuously in the contractor’s operations and/or business.  
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5.2. Digital Technology Adoption in Company A  
The adoption of machine control systems and geodetic digital technologies in Company A, the 
largest firm in the study, is presented in the top of Table 8, while the usage of features within 
telematics systems that are used by Company A is presented in the lower part of the table. As is 
evident, Company A had adopted most of the studied technologies and these findings will be 
described further below. 
 

 
Table 8. Overview of digital technologies adopted in Company A’s operations. 

Geodetic 
technologies 

GPS/GNSS 
Machine control 

DTM 
software 

Surveying 
instruments  

(Total stations, 
Rovers etc.) 

Unmanned aerial 
vehicle 

 (Drone etc.) 

Visualisation tools 
(VR, AR, MR) 

✓ - Adopted 
✖ - Not adopted 

✓ ✓ ✓ ✓ ✖ 

Telematics 
features 

Maintenance & 
Repair 

Fuel 
utilisation Asset utilisation Real-time machine 

status & location Productivity 

✓ - Adopted 
✖ - Not adopted 

✓ ✓ ✓ ✓ ✓ 

 
 

The interviewees at Company A explained that its strategy consists of working as a subcontractor 
in larger and longer construction or infrastructure projects. Its largest clients are the Swedish 
Transport Administration along with the bigger construction companies that are active in Sweden. 
Based on this, there was no intention to utilise digital technologies to undertake full responsibility 
of the project lifecycle, e.g. project planning and design. The main reason for this was to maintain 
a healthy relationship with the company’s clients and in this, diminish the risk of losing future 
contracts where Company A would be considered as a potential competitor to its current clients. 
In addition, the higher responsibility in projects was stated to be another risk and therefore an 
important factor for the omission of a full involvement in projects’ design-phase. The CEO 
explained their role and reason for working as subcontractors as follows, 
 

We have found a niche and are organised to manage the role as subcontractors. [...] Should we 
decide to shift our approach and try to become a main contractor; we would have difficulty 
maintaining the large fleet size that our current clients demand. Also, we have found a stable 
profitable business that allows us to be confident by trying to do what we are best at, or least 
bad at.  

- CEO, Company A 
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Furthermore, in its position as a subcontractor, the company intentionally targets projects with a 
piece-rate payment as these were stated to enable profit from performing its earthwork 
operations more efficiently. Interviewees stated that the company also commits to projects on a 
traditional contract basis with hourly payment but that these projects are regarded to suppress the 
possibility to benefit from efficiency, leading to lower profit margins. For this reason, hourly 
payment rate was avoided when possible. In summary, project bid decisions for Company A were 
based on minimising risk and increasing profitability, which for them meant an aim to be 
subcontractors with payments based on piece rates. 
 
The company’s adoption of new digital technologies in general, is grounded on achieving 
increased efficiency and productivity in its operations. The firm's top management and decision 
makers were in general receptive towards new innovations as long as these were aligned with the 
overall strategy, as expressed by the CEO, 
 

[Relating to smaller digitally leading firms] They go like projectiles, maybe focusing more on 
digitalisation than earth moving. We are trying to follow these smaller companies and “jump on 
the train”, since we want to remain our current position and diminish the risk of potentially be 
overtaken [by firms advancing in digital competitive advantages]. [...] We want to be in the 
highest quartile [in the usage of digital technologies]. We are not able to be first today, but I 
would say that we are near the 25% that are regarded as leaders, though we want to be, 
preferably, in the top layer.  

- CEO, Company A  

Additionally, it was clear that Company A had an exceptional position, being a large firm in the 
otherwise fragmented industry of earth-moving contractors. The company’s current organisational 
size was stated to be of importance in the adoption of digital technologies, as it affects its overall 
strategy and decisions. According to top management, the company’s current size in the form of 
organisational structure, financials, fleet size and human resources and such factors were seen as a 
competitive advantage. However, it was also described as an inertia for making strategic decisions 
and rapidly adopting digital technologies throughout the whole organisation. 

Machine control and geodetic technologies 
Company A’s machine control systems were mainly used in its earthwork operations for excavating 
and grading the correct amounts of masses. The adoption of these has depended both on clients’ 
needs but also the realisation of the potential for efficiency with the systems. However, the 
human resource manager in Company A, Interviewee A1, has acknowledged some resistance 
among the machine operators to adopt the technology,  
 

It is sometimes difficult to get the drivers to use machine control voluntarily. We use financial 
incentives in the form of a supplemental wages, but it doesn’t always work.  

- HR manager, Company A 

 
The other three interviewees for Company A also mentioned the issue of resistance but meant that 
the attitude among the employees has changed and not seen as problematic nowadays. Today, the 
majority of the company’s machines that are used in projects are equipped with machine control 
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systems. Additionally, due to the largeness of the firm, and in particular the large projects it 
undertakes, the cost benefits of utilising the systems were clear. Interviewee A3 exemplified the 
additional cost for making small errors during excavation operations,  
 

A rough estimate on a larger project like this where there is a lot of material to be excavated, 
and a bucket held down 5-10 cm too much, it will generate about 50 truckloads extra. Our 
trailers load 35 tons so in total this will generate 1750 tons extra landfill that are transported to 
the waste station. The fee for landfill is SEK 200 per tonne, which means that the effect of 
having the bucket down 5-10 cm too much will thus be an extra cost of SEK 350,000.  

- Supervisor, Company A 

 
Granted, the projects the company undertakes have been determinant in this adoption 
of the systems as its contracts are often based on a piece-rate payment, which has enabled 
them to benefit from more efficient work 
 

[...] We did so much of our own work where we could benefit greatly from it [machine control 
systems], and because of the enormous vulnerability of working on that type of large shafts, 
which meant a dependency on the surveyors. [...] So, we saw quite quickly that this was an 
investment that we could cover, and it would be financially profitable to invest in.  

- Business unit manager, Company A 

 

If one is to count the productivity of the machines, it increases significantly. […] You can drive 
faster, and various uncertainties decrease […] You simply reduce the downtime, where you 
normally do not know where to drive, meaning that you do not have to stand and wait for the 
surveyor.  

- Supervisor, Company A 

 
However, in projects based on an hourly pay-rate, the usage was more dependent on the client but 
at the same time it was stated to give a competitive advantage compared to firms without the 
technology.  
 

[...] when we go for hourly-based contracts where the client pays for a machine per hour and 
they control it [...] there we are not affected if surveying is lacking and the client is responsible 
for the cost. [...] we still get paid for the hours we work, even though the machine would stand 
still for three hours.  

- Business unit manager, Company A 

 
Furthermore, when it comes to the further usage of machine control independently of clients, the 
firm has acquired external expertise and competence of surveying tools and DTM software 
which is needed for this. Today Company A hires one consultant on a full-time basis, 
Interviewee A3, who is responsible for all the machine control systems and DTM software within 
the firm. This role consists of handling earthwork models from the client and formatting these to 
Company A’s construction equipment running with machine control. Coming from a background 
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as a machine operator, Interviewee A3 explained that the knowledge of DTM software that he 
possessed was largely self-learnt and dependent on interest. Due to this, Interviewee A3 stated 
that the vendor support is of high importance and used when problems have occurred. 
 

The biggest advantage, and the reason I use [geodetic technology vendor] as a vendor is their 
service and support […] we have always had such a good relationship. […] It’s always possible 
to get hold of one of the guys […] as a matter of fact, I still use them [geodetic technology 
vendor] when certain problems occur.  

- Supervisor, Company A 

 
In addition to this, the interviewee possesses knowledge for UAV surveying, a service which he is 
able to provide the firm when needed. By acquiring Interviewee A3’s services, Company A’s power 
structure for decisions, related to investments in digital technologies, has changed. 
 

Now as we have grown, we have tried to divide it [responsibility for digital investments], because 
the development goes so fast. That's why we have hired [Interviewee A3] for help. So now, he 
is involved in deciding when he thinks it makes sense to invest. [...] So, to find someone with 
that competence we need is not easy, especially since we today only have [Interviewee A3].  

- Business unit manager, Company A  

 
Interviewee A3’s skills and competences were stated to be crucial in projects as clients often 
provided poor models, based on large BIM-models. These are not directly applicable for machine 
control systems and require modification before usage, which Interviewee A3’s knowledge has 
solved. This has also enabled Company A to an earlier involvement in projects without risking 
client relationships, see Figure 14.  
 

 
Figure 14. Company A’s recognised possibility for earlier involvement in projects lifecycle. 

 
Furthermore, this possibility for an increased role was mentioned as an outcome of the many 
projects that lacked people with the right competencies to build models for machine control. Here 
Interviewee A3’s role is important due to the knowledge that he possesses, as is reflected in the 
quote below, 
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As he [Interviewee A3] has been operating machines he knows how it [the models] should look 
like in order to be possible to follow. That type of technical and practical competence is the type 
of people you need. Otherwise it becomes very theoretical which is difficult to work with. So, 
you need both parts [theoretical and practical knowledge]. 

- Business unit manager, Company A 
 

Further, with the presence of Interviewee A3, Company A was described to have acquired 
competence in surveying operations to perform aerial measurements with drones, which are 
used for project documentation and safety measurements. With these tools, it was stated that 
Company A has gained better control of its projects as the firm is able to acquire more project 
information, which in general solely possessed by other actors. In this, the company possesses an 
added basis for discussion regarding excavated volumes if disputes would occur or when the firm 
perceived its client to be providing insufficient information for making appropriate decisions. Here 
the produced information from the digital geodetic operations is stored for documentation and 
enables an overview of past assignments as well as future tasks and business cases.  
 
To conclude, Company A’s adoption of geodetic technologies and DTM software has changed its 
role as a typical subcontractor in contracts, as can be seen in Figure 15.  
 
 

 
Figure 15. The effect of the adoption of geodetic technologies and machine control systems on Company A’s role 

in its contracts. 
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Telematics systems 
As seen in Table 8, the company has adopted several telematics system features, however the 
extent of usage differs between these, which will be accounted for below. 
 
Company A has for long been focusing on the efficiency gain by telematics data through effective 
service and maintenance along with the aim to achieve fuel economy. Firstly, telematics data has 
been used by the company’s maintenance superintendent, Interviewee A2, to some degree, though 
not in any structured manner. Interviewee A2 further explained that he had experienced issues 
related to using telematics systems in the form of excessive information, difficult settings and a 
lack of vendor support, which has led to a reluctance to systematically utilise the systems. Secondly, 
telematics data has been occasionally used by project superintendents for quick response on 
machine fault codes or geo-fencing, which permit boundaries to be set that alert machine operators 
regarding cables, or similar, to be avoided. Lastly, the CEO has in some cases used telematics data 
in purpose of displaying machine costs and reasoning towards their clients.  
 
Further, the systems were stated to make it possible to compare fuel usage in different construction 
equipment and to see how idling time could be shortened. This had been done by Company A and 
its CEO stated that this had allowed him to inform the employees about the costs related to idling 
time. This comparison also allowed for the identification of certain defects affecting the fuel 
consumption in construction equipment. Yet, fuel consumption was usually looked at sporadically 
and as such, it was considered to be relevant information but in general not utilised any further.  
 
Company A was the only firm in the study that stated a current aim towards a further potential, 
that is beyond today’s mentioned usage, for productivity with gathered telematics data. However, 
in recent times the company has switched its focus and objectives of how to use telematics. Here, 
the potential for economies of scale was evident for the large-sized firm and the possibilities to 
invest in resources for this purpose. Company A has enacted several initiatives and collaborations 
with other actors concerning the utilisation of telematics data with the aim of achieving higher 
efficiency and productivity in projects as well as a better overview of costs. In these initiatives the 
CEO for Company A, mentioned that his role in these was extensive both due to a personal 
interest as well as in order “not to disturb other production [...] because production must run smoothly and be 
profitable, otherwise we cannot afford to develop”. 
 
To continue, Company A had in January 2019 initiated a pilot project, called Project A from now 
on, containing a specific fleet management task force. This project was put together for the 
purpose of utilising telematics data and will continue until 2024. Fleet management, including 
increased possibilities to coordinate earth-moving activities, was said to enable a significantly 
higher productivity rate by the utilisation of monitoring real-time data.  
 
The project’s pre-phase time was said to be a key factor in order for them to plan for this type of 
fleet management telematics service. This due to the fact that longer projects enabled the 
possibility to make adjustments for gaining efficiency, in comparison to shorter ones which have 
proven to be significantly more difficult to improve over time according the CEO. Also, 
collaborations with a large construction contractor and a global OEM for construction 
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equipment in the project were underlined as two other key factors for the initiation of the project 
and adoption of this type of digital technology.  
 
For the company’s organisation, the project has required a considerable resource allocation, which 
includes designated people to the fleet management task force as well as investments in new digital 
technology and construction equipment. A considerable number of employee-hours for education 
and operative assignments were also needed to realise the full extent of the project. When it comes 
to the financial aspects, the economic investments have exceeded 50 million SEK in the technology 
and construction equipment. Relating to these investments the CEO for Company A stated that,  
 

Specifically, for this job, it is a very large commitment and I think there might be three 
companies at most [in Sweden], that would be able to undertake this as subcontractors, and we 
are one of them. 

- CEO, Company A 

 
The aim for the project is to find ways to increase productivity, in terms of masses transferred 
by each unit of time. Through the usage of telematics data in projects, Project A was meant to 
serve as a pilot collaboration for this by contributing with knowledge, increased productivity and 
to enable similar implementations in other projects carried out by the firm. This was stated to be 
possible through route and speed optimisation by the use of fleet management telematics in the 
project. Moreover, Project A’s initial phase consists of tracking the productivity without the usage 
of telematics systems in order to develop references for a later comparison. 
 

[Relating to Project A] We will on a daily basis in-real-time be able to see in diagrams […] how 
much we produce and where the weak link is and if we have the right number of vehicles. So, 
it will be sort of “just in time”. 

- CEO, Company A  

 
Thus, by using telematics data the plan is to achieve optimal fleet size, optimal speed of trucks and 
an overall increased efficiency in the fleet management. All in all, this was perceived as a form of 
digital aid for better planning of the transportation of masses within this project. 
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5.3. Digital Technology Adoption in Company B 
Company B operates both as a subcontractor and turnkey contractor, though mainly in small-
medium sized turnkey contracts. The company consists of 17 employees, of which six are white-
collar workers. The contractor solely takes projects on piece-rate contracts or by initial bid for full 
project and thus, no contracts on hourly-based payment. Found in its list of clients are 
municipality, county council, private contractors and private consumers. Regarding the choice of 
projects, the CEO stated why the company strives to take projects for private consumers,  
 

The private consumer segment is a lot of fun, although somewhat troublesome. But the 
projects are extremely stimulating, contain a lot of variation and we are always demanded to be 
creative because of different economic constraints, in comparison to e.g. municipalities, 
where the contract is presumed to contain ‘Correctional and Additional Work’ [ÄTA in Swedish] 
for hundreds of thousands [SEK] which you will get as long as the legal parts are written in it. 
If working for a private customer and you add an additional [SEK] 300 000 for changes, firstly 
they will never be able to borrow that amount, so it doesn't matter which legal right I have, I 
will never get the money anyway. Secondly, they will fight you with beaks and claws, meaning 
you need to have a completely different approach.  

- CEO, Company B 

 
The CEO explained that Company B has two different business operations: earth-moving 
contracts, i.e. working as subcontractor or main contractor, and digital earthwork design 
assignments, e.g. DTMs and visuals for other contractors in the industry. Moreover, it is clear that 
Company B has an exceptional role within the industry regarding the adoption of digital 
technologies and these tools were stated to be a main reason for a considerably increased profit 
margin for the company.  
 

So, I would suggest that we are a living example of the fact that it [the adoption of digital tools] 
is good business. You can say anything; I am able to prove this to anyone.  

- CEO, Company B 

 
An overview of found digital technologies that Company B’s has chosen to adopt and utilise are 
shown in Table 9. Here it is clear that the digital technologies that can be related to the firm’s 
recognition as digital leaders in the industry consist of adopted geodetic technologies rather than 
telematics.  
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Table 9. Overview of digital technologies adopted in Company B’s operations. 

Geodetic 
technologies 

GPS/GNSS 
Machine control 

DTM 
software 

Surveying 
instruments  

(Total stations, 
Rovers etc.) 

Unmanned aerial 
vehicle 

 (Drone etc.) 

Visualisation tools 
(VR, AR, MR) 

✓ - Adopted 
✖ - Not adopted ✓ ✓ ✓ ✓ ✓ 

Telematics 
features 

Maintenance & 
Repair 

Fuel 
utilisation Asset utilisation Real-time machine 

status & location Productivity 

✓ - Adopted 
✖ - Not adopted 

✖ ✖ ✖ ✖ ✖ 

 

Machine control systems and digital geodetic technologies 
For Company B, the process of adopting machine control systems and digital geodetic 
technologies begun when the company still consisted of less than 10 employees. The CEO of 
Company B observed the utilisation of surveying tools on a project, in which he was participating 
as a machine operator. He recognised how a surveyor on the site worked with digital tools for 
surveying, which he found intriguing.  
 

I remember that he had a black screen with some dots which symbolized the masses. He brought 
the screen with him and, with the help of it, staked out points in reality. I remember that I 
thought it was insanely fascinating. Being able to draw lines on a computer that could then 
accurately be staked out in reality.  

- CEO, Company B 

 
With neither education nor competence within the area of surveying, Interviewee B reached out 
to the surveyor, who had started selling machine control systems and geodetic technologies at a 
Swedish vendor for a global OEM. Since then, the CEO and the surveyor have developed a 
relationship where the latter has provided the interviewee with professional advice on how to use 
the technology.  
 
By the combination of knowledge in geodetic technologies and acquisition of machine control 
systems, Company B has been able to significantly increase its productivity and efficiency in its 
earthwork operations and decrease dependency of unreliable project site surveyors according to 
Interviewee B. Also, the gained competence of building DTMs and using machine control has led 
to less nonessential internal communication and resulted in better collaboration with clients. 
 
Relating to the lack of initial knowledge of surveying practices, Interviewee B’s personal interest 
for the technology was a crucial aspect in the adoption process. Based on this, considerable amount 
of time had to be spent on learning the tools. Moreover, it was evident that the CEO’s role had 
played an important role in the adoption and implementation process, he stated it as follows, 
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Of course, a huge number of hours is behind all of this that I haven’t recognised as I thought it 
was extremely fun. [...] So naturally, I have been the most the driving force in this as I have 
observed the opportunities and benefits of using it.  

- CEO, Company B 

 
Company B has further explored novel ways to utilise the digital technologies and adopted new 
ones in the form of Wireless Data Collectors and UAVs for volume calculations. Starting with the 
contract-bidding stage, DTMs formed in software and collected from surveying enable the 
company to gain a better understanding of the project as a whole. The company is today able 
to perform calculations based on these models and thereby gain a basis for the decision-making 
related to setting prices and whether to undertake certain projects or not.  
 
The digital geodetic technologies have enabled a project estimation with better precision in terms 
of prices and length, which are commonly inaccurately estimated in the industry. Interviewee B 
stated that this has been critical in order for them to accept the role as main contractor for 
earthwork operations, see Figure 16.  
 

 
Figure 16. Company B’s progression towards earthwork designing involvement in the project life cycle. 

 
However, the lack of surveyors and professionals which create this advantage was also mentioned 
to be troublesome when trying to find new employees. Hence, the CEO stated that they mainly 
recruit, and develop new talent internally by sharing knowledge about the digital technologies.   
 
Important to note is that these services are also offered individually to project owners, clients 
and competitors. Sometimes Company B offers surveying in the design phase of a project and 
sometimes the firm creates earthwork models for other earth-moving firms, but it is also able to 
offer the whole spectra of tasks in one project.  
 

The client segment for geodetics and consultancy services, such as DTMs is mainly towards 
other companies, they are sort of the only ones able to pay for it on a continuous basis [...] I 
believe that this is our competitive advantage, that we in some way poses a valuable mix where 
we can both do the measurements and has the right knowledge within earthworks. We can talk 
the same language as their machine operator. 

- CEO, Company B 

Design & engineering 
+ 

Earthwork & construction 
Operations & maintenance 

Earth-moving contractor B Earth-moving contractor B  



 
 

 51 

 
Relating to the above, the role as a main contractor does not mean that the company is able to 
take full responsibility of all projects as was stated by Interviewee B, 
 

If you build a bridge, or a tunnel, it’s very important [with precision and specific academic 
knowledge]. [...] But we do not take such projects so, you need to know your limits. How precise 
are we actually? No one dies if something is 3 cm wrong in the projects we undertake. 

- CEO, Company B 

 
Further, the geodetic tools have allowed for documentation in a similar manner as for Company 
A, which is described above. Here, again the ability to gather and store surveying data, and models 
based on this, means that the information can be used both for discussions with clients as well as 
possible future modifications or projects to be undertaken. Interviewee B mentioned that the 
benefit of data relates to the fact that “it’s cheap to store data and it’s cheap to collect it”. Hence, they see 
it as a convenient way to maintain information regarding projects, regardless of how this data is 
used. The CEO also stated that the available UAVs on the market are not only cheap but also 
possible to use for most earth-moving contractors in this industry, even without the intention to 
take a role as a main contractor in projects. 
 
Furthermore, Company B has adopted digital tools for VR, AR and MR which has enabled 3D-
visualisation in real life, both for internal procedures and as a business communication towards 
clients and customers, e.g. a basis for discussion to motivate costs for work. In the case of 
internal procedures, the gathered data and models built on this were stated to facilitate the work 
to be done for its employees before and during the project. When it comes to using visualisation 
externally, this was stated to be a competitive advantage, 
 

We usually sit here at the office and go through their project in 3D, which has been created with 
aerial measurements to be shown as a hologram hanging above the table. When the customer 
puts on the HoloLens-goggles and can see the end result it is not only the “wow-and-smile” 
factor seen in their faces that favour a deal, but also a way to simplify communication. This 
creates a new form of professionalism that they are not used to. This makes it more difficult for 
them to trust my competitor saying that they do the same job for SEK 100 000 less. Because 
I have shown the customer that I have the answer and they have seen it. So even though my 
competitor would have a correct estimation I can still be a more expensive contractor, which I 
need to be in order to cover my expenses for the technology. But I am not able to sell this 
product directly, as I can in B2B deals. 

- CEO, Company B 

 
However, Interviewee B also recognises that the market is not always ready to abandon old 
procedures and realises the benefit and potential of their services, using this digital technology. 
 

…. there could also be a disadvantage as it sometimes means competing against contractors that 
have errors in their calculations where usually the lowest bidder gets the contract. In larger 
contracts, it’s possible to achieve a great amount of ‘Correctional and Additional Work’ [ÄTA] 
so many contractors rely on this. To be honest, this means that I lose many of the contracts 



 
 

 52 

because we are perceived as more expensive. However, during the last years, I have had many 
clients which have told me “we should have chosen your firm instead since you were right, it 
turned out as you said”. However, it doesn’t help that I was right since they aren’t likely to build 
a new house in the near future. So, this is a problem, especially on the private customer market. 

- CEO, Company B 

 
The initial importance of the supporting role provided by vendors is today not mentioned to be 
of the same importance. Nowadays the firm provides insights to its vendors as Interviewee X6 
stated, 
 

[…] they specify for us as vendors what they want, they are that good, better than we are. They 
tell us that they need a machine but with some specific systems mounted, or otherwise they 
mount these on their own. 

- Sales manager, OEM Vendor 

 
But Interviewee X6 also mentioned that this level of developed earth-moving contractors are rare,  
 

[…] but it is only 1 in a million of all contractors that is like them. I mean, they even have 
lectures for one of the leading manufacturers in digital earthwork technologies on how to use 
their stuff….it is on that level. 

- Sales manager, OEM Vendor 

To conclude the description of Company B’s adoption of geodetic technologies and DTM 
software their role in typical contracts today is shown in Figure 17.  
 

 
Figure 17. The effect on Company B’s role in contracts after the adoption of geodetic technologies. 

  

Earthwork

Project
Owner

Earth-moving 
contractor B

Designing & 
Surveying

Machine control 3D-model

Visualisation 
(VR, MR & AR)

Company B have developed knowledge
and competence for taking the roles as 

main contractor and earthwork 
designer, by the process of adoption 

digital geodetic technologies

Competitors



 
 

 53 

Telematics systems 

Company B utilises a mixed machine fleet consisting of nine mid-sized earth-moving machines, 
fully equipped with machine control systems, and one additional hauler. Additionally, the 
contractor uses OEM service deals on the full fleet and related to that, possesses telematics 
systems. The firm does not use any of the telematics services in a systematic way or with a 
specific purpose. One factor that the CEO mentioned is the risk of harming the interpersonal 
relationships he has with the employees, 
 

I feel that there is a lot of psychology towards the employees. It’s much easier for me to make 
a difference on the fuel consumption by providing them with a machine control system that 
that makes them dig in the right place directly and not multiple times. Providing them with the 
right equipment will both increase their productivity and consume less fuel, instead of telling 
the machine operator "I see that you increased your fuel consumption during the last month, 
could you reduce the throttle a bit?”. I’m stepping in a risky area if doing so. Firstly, I get an 
employee who first and foremost wonder why I check him, and secondly, he will think I'm 
stupid, “because, seriously speaking, I just refuelled 50 litres, I haven't done so much".  

- CEO, Company B 

 
Continuing, the CEO stated that its low number of earth-moving machines deemed it difficult to 
capitalise on the possibilities of fleet management. The CEO acknowledged the possibilities with 
telematics for larger fleets but the possibility to benefit from economies of scale was not perceived 
to be possible due to Company B’s small fleet. Recently introduced features for receiving data 
from payload technology were mentioned to have potential, especially those systems where 
machine operators and managers were able to access the same data simultaneously. However, 
Interviewee B further stated that “even though all machines will include all possible features, you will need to 
purchase codes for using them”. To conclude, the CEO stated the following regarding telematics 
systems, 
 

I often hear [from OEM vendors] that “as you have advanced in the usage of digital 
technologies, you should start using telematics systems!”. Well, if it would be truly beneficial for 
me, I would actually use it as I know how the systems work. 

- CEO, Company B 
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5.4. Digital Technology Adoption in Company C 
Company C operates in projects both by the role of a subcontractor and more recently, as a turnkey 
contractor in construction contracts under SEK 10 million. The company undertakes contracts 
from private customers, private construction companies and municipalities, using almost 
exclusively, piece-rate contracts or leaving an initial bid for full projects. Findings of the utilised 
digital technologies in Company C are presented in Table 10. As can be seen from the table, 
geodetic technologies have been adopted to a higher amount as compared to telematics features 
where merely one of these, information regarding fuel, is utilised by the firm. 
 

Table 10. Overview of digital technologies adopted in Company C’s operations. 

Geodetic 
technologies 

GPS/GNSS 
Machine control 

DTM 
software 

Surveying 
instruments  

(Total stations, 
Rovers etc.) 

Unmanned aerial 
vehicle 

 (Drone etc.) 

Visualisation tools 
(VR, AR, MR) 

✓ - Adopted 
✖ - Not adopted ✓ ✓ ✓ ✓ ✖ 

Telematics 
features 

Maintenance & 
Repair 

Fuel 
utilisation Asset utilisation Real-time machine 

status & location Productivity 

✓ - Adopted 
✖ - Not adopted 

✖ ✓ ✖ ✖ ✖ 

 
 
The geodetic technologies were stated to have been determinant in the company’s rapid growth 
during recent years in which the firm has been able to increase its profitability according to the 
CEO. 
 

... it’s about making investments at the right time and in the right order. We started by renting 
GPS equipment, but today we own it ourselves. We have grown from five employees to 
fourteen, of those, four of us can be found in the office. We would never have been able to do 
this without the digital technologies that we use. 

- CEO, Company C  

Machine control systems and digital geodetic technology adoption 
To start with, prior to owning any tools for surveying operations, Company C had purchased 
machine control systems on its machines. These had been used in a prior project to meet the 
client’s needs and regarding the later adoption of geodetic technology the interviewee stated, 

So, it was a combination of having [machine control] equipment that could not be used and an 
interest as well as the knowledge that the equipment possessed possibilities to increase 
productivity and efficiency. 

- CEO, Company C  
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The CEO had realised a potential for increased productivity and efficiency with the tools, in which 
these terms refer to the possibility to perform earthwork operations “in the right way and at the right 
place from the start” (Interviewee C). The adoption of geodetic tools also enabled the firm to gather 
data independently of surveyors and clients to then utilise this for models in the machine control 
systems.  
 
Due to a lacking knowledge within surveying, the CEO explained that he had to build a relationship 
with a surveyor in order to purchase and learn how to use the tools. A process that was eased since 
the surveyor was working for an OEM vendor, selling geodetic technology and machine control. 
The vendor was then able to assist the CEO in learning how to use the digital technologies and 
provided support during the implementation of these into Company C’s operations. According to 
Interviewee C, the decision to adopt the tools and software for surveying operations was taken, as 
the company would clearly benefit of the technology, and further together with the surveyor who 
was able to support in the understanding and usage of these.  
 

It ended up with me buying a handheld GPS-equipment in order to perform surveying and 
staking out. [...] we purchased a handheld GPS with some software which became a multi-tool 
for building terrain and surface models to the machines. 

- CEO, Company C 

Further relating to the lack of initial surveying skills and competence, the CEO’s interest for the 
tools was also stated to have been a crucial aspect in the adoption process. In this, the CEO did 
spend time on learning the tools both during and after working hours which has thus required 
time from other tasks. The CEO for Company C mentioned that the tools themselves were easy 
to use and that the lacking competence within surveying was the main difficulty to overcome. 
Furthermore, the CEO today recognises that the personal investment in digital technologies he 
made has had a positive effect on other operations as well. 
 

All types of time and material reporting along with administrative documentation are today done 
digitally. For one like me who is relatively new in the industry, this has saved me an incredible 
amount of time. Also, the possibilities to do cost accounting on projects to see if I’m right in 
price has been of great importance.  

- CEO, Company C 

Apart from the ability to exploit the efficiency of machine control independently of the client and 
other external actors, the implementation of digital geodetic tools has also meant other benefits 
for Company C. To begin with, geodetic technology has enabled a better control for the whole 
process during a contract and as such, Interviewee C described the company to be able to 
undertake a responsibility for turnkey projects. In order to succeed in this, they utilise UAVs and 
Rovers for surveying and software for building illustrations and DTMs. With this, they have both 
the possibility to create material to use for project design as well as machine control. As such, the 
adoption of geodetic technology in addition to machine control systems has enabled Company C 
to offer additional services that are usually provided by the firm’s clients or external designer firms, 
see Figure 18.  



 
 

 56 

 
 

 
Figure 18. Company C’s progression towards earthwork designing involvement in the project life cycle. 

 
Further, the current market situation was also mentioned by Company C to be a cause for the 
opportunity to broaden its service offering, 
 

We have in fact been able to enter [the market] now that the market has enjoyed an economic 
boom by undertaking their [large construction firms] smallest projects, which have instead been 
our largest. There we are very competitive; we have all the possibilities that they have but 
without the large overhead costs.  

- CEO, Company C 

 
Granted, Interviewee C emphasised that a person with surveying education is able to perform 
more advanced geodetic tasks and relating to this he continued, 
 

In order to learn geodesy and engineering you have to study in order to learn this as this is 
related to several complicated things. But as for building 3D-models and what we do, these 
things are not very strict. 

- CEO, Company C 

 
Furthermore, DTM software has enabled the ability to illustrate operations to be done and the 
costs related to this already before the initiation of a project. This was stated to have enabled a 
better discussion, compared to competitors, at an early stage in projects. With this, a basis for 
discussion was developed which has helped the company to motivate costs for work to be done. 
The ability to intertwine the data into different aspects during contract bidding was summarised 
by the CEO, 
 

It starts from gathering data and developing documents that we use when we calculate things, 
which is then compiled in a nice layer on top of the data. Then it is possible to make an 
illustration! 

- CEO, Company C 
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Next, turning to the execution of a project, the CEO for Company C pointed out that a general 
problem during this phase, which was also evident in several interviews, was that 

You basically walk into a boxing ring with the client as soon as the contract is written, rather 
than seeing a long-term collaboration and being more transparent.  

- CEO, Company C 

 
The introduction of geodetic tools and the ability to offer a versatile portfolio of service has led to 
better relationships with clients and a better collaboration during the delivery of a project for 
Company C. The CEO explained that their need for discussion during the execution of projects 
had decreased considerably as they are able to work more independently and as the client is 
provided with solid information. In this, Company C is able to offer a complete service with the 
advantage of less interaction with clients as stated in the following quote 
 

[The first project with geodetic technologies] was a great success as the builder said [...] that 
“[usually] it is troublesome to work with [earth-moving contractors] as you have to be engaged 
in every little detail. It is a thousand questions and I do not have time for this”.  

- CEO, Company C 

 
Lastly, at the final phase of the project when the earthwork operations have been executed, the 
geodetic tools have allowed for documentation. Here, the ability to gather and store surveying 
data, and models based on this, means that the information can be used both for discussions with 
clients as well as used for possible future modifications or projects to be undertaken. Hence, 
Company C sees it as a convenient way to maintain information regarding projects, regardless of 
how this data is used.   
 
In conclusion, the description of Company C’s adoption of geodetic technologies and DTM 
software in its role in typical contracts today is shown in Figure 19.  
 

 
Figure 19. The effect on Company C’s role in contracts after the adoption of geodetic technologies. 
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Telematics systems adoption in Company C 

In Company C, OEM telematics equipment were installed on all machines in its fleet. The CEO 
explained that all service and maintenance was done by OEMs and included in their service deal 
they had and thus, made the usage of telematics for such information redundant. Further, the most 
commonly mentioned data to have been tested at some point or used by the company was the 
feature of monitoring fuel consumption. This due to the fact that fuel consumption was one of 
the larger cost factors for the earth-moving contractor. Overall, regarding the use of telematics the 
CEO stated, 
 

It is primarily used to look at fuel consumption. [...] When we have several machines of the 
same type and classification it can be fun to compare these. It can differ between projects and 
different drivers and such things. I think that’s it, well, then service and repair history can be of 
interest occasionally.  

- CEO, Company C 

 
Further, Company C had been involved in the development of a mobile application regarding this 
type of data for an OEM of earth-moving machines. Despite this, the integration of telematics 
data within the company was low and not used systematically in any operations. To conclude, the 
CEO described it to be ambiguous and more difficult to see how telematics systems would enable 
the company’s practice that increased efficiency and lower fuel consumption, compared to their 
use of machine control systems. 
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5.5. Digital Technology Adoption in Company D 
Company D offers its services mainly as an agency of earth-moving equipment including operators 
but also undertakes smaller projects as a subcontractor. As an agency it offers short-term and 
hourly based contracts mainly to private construction companies of various sizes, local 
municipalities along with a nearby sister company within the industry of civil engineering and 
construction. In this, its strategy consists of delivering continuous availability of machines and 
operators to all its clients, or as the CEO stated, “if you have the money, then we got the time”. 
Furthermore, company D almost exclusively operates in smaller and shorter maintenance and 
earthwork projects which are most often found in larger projects later stages. 
 
Moreover, the company with about 70 subcontractors of its own also collaborated frequently with 
its competitors, 

In our world it has always been this way [cooperation between competitors], because the owners 
of this company are of the opinion that this city is too small to not work with everyone. So, we 
collaborate by swapping and borrowing machines, things, contracts and services on a daily basis 
with our competitors. Thus, I believe a healthy business network of contacts is invaluable.  

- CEO, Company D 

 
As for the role of the CEO, the interviewee stated that “beyond leading and delegating the daily operations 
[...] I am involved in everything”. Interviewee D also mentioned that the company operates with 
considerably low margins as their business model is highly linked to low risk and low reward.  
Relating to the potential for aiming towards increased productivity the interviewee answered, 
 

When it comes to our own machines, we are not usually responsible for the project site we 
are working at. This means that if you order a machine by me it is often to your project site and 
your supervisor will guide the machine. [...] And productivity, if we talk about “how to get more 
volume and mass”, is thus often related to our client and how he plans the work.  

- CEO, Company D 

 
Further, the company stated that it does no designing or other forms of tasks beyond earthworks. 
The CEO further described their business idea in the context of new digital technology and 
innovations as, 
 

Our business idea is not to be first. We wait until things are established and something works, 
thereafter, we happily step over to the other side of the border.  

- CEO, Company D 

 
Based on this, no digital geodetic technologies had been adopted however, machine control 
systems were present as well as a third-party provider for telematics solutions where two of the 
features were mainly used, see Table 11. 
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Table 11. Overview of digital technologies adopted in Company D’s operations. 

Geodetic 
technologies 

GPS/GNSS 
Machine control 

DTM 
software 

Surveying 
instruments  

(Total stations, 
Rovers etc.) 

Unmanned aerial 
vehicle 

 (Drone etc.) 

Visualisation tools 
(VR, AR, MR) 

✓ - Adopted 
✖ - Not adopted ✓ ✖ ✖ ✖ ✖ 

Telematics 
features 

Maintenance & 
Repair 

Fuel 
utilisation Asset utilisation Real-time machine 

status & location Productivity 

✓ - Adopted 
✖ - Not adopted ✓ ✖ ✖ ✓ ✖ 

 

Adoption of digital technologies 
Company D stated that its machine control systems were mainly used in a reactive manner, 
meaning that the clients’ requirements have been determinant in the adoption. The company 
possessed three systems which were rotated between its 31 machines, depending on client needs. 
Interviewee D stated a scepticism towards solely relying on machine control during excavation 
work, as these could be calibrated wrong and rather vouched for traditional surveying. Also, as the 
firm operates much in the inner city, a loss of GPS-contact due to high buildings was evident and 
a barrier for further usage. All in all, machine control usage was used to a low extent by the firm.  
 
To continue, despite having a separate business unit for fleet management, Company D’s fleet 
managers did not utilise telematics data. Instead, the CEO of Company D stated that “our service 
and maintenance unit uses it daily” in order to access maintenance data and fault codes received 
from construction equipment through telematics systems. Real time data for proactive service as 
well as historical data was stated to be accessible for both the CEO as well as the service and 
maintenance unit where for the latter, a convenient form of documentation was provided by using 
the telematics system. 
 
Further, the CEO stated that it was difficult to utilise telematics data as a form of instrument for 
supervision of machine operators to pursue lower fuel consumption, or similar effects. Two of the 
main reasons were that monitoring was considered as excessive due to high variety in project tasks 
and furthermore, that such actions would intrude the drivers’ integrity, 
 

We [office/management] do not use it as there is something that is called integrity that we 
actually try to protect [...]. I mean, we could just as well have a TV [showing real-time production 
data] up and running in order to look and say “for god's sake, is Åke’s machine shut off, why is 
he not working?”, but we do not use it for such purposes. 

- CEO, Company D 
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To continue, the position of the construction equipment was deemed useful in some specific cases. 
Firstly, the positioning data from telematics systems enabled tracking in the case of theft, which 
was deemed useful by Interviewee D. Secondly, in some cases localisation was used when 
construction equipment was in need for service, which eliminated the need for contact between 
the workshop and machine operators.  
 
Further, some distrust and uncertainty towards the vendors’ usage of data and the fact that users 
need to pay for a subscription to view information of their machines in the systems was mentioned. 
The CEO mentioned that several telematics features were previously available for free but were 
now locked and necessary to pay for. Here, the systems offered by OEMs were perceived to be 
used for internal purposes mainly for the vendors and OEMs themselves, 
 

[Describes data collected by machines] but in the end I believe that the manufacturers are the 
ones that benefit most from this. 

- CEO, Company D 
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5.6. Digital Technology Adoption in Company E 
Company E focuses on earth-moving operations in the role of a subcontractor. The company’s 
clients include construction companies, municipalities and authorities. Furthermore, the CEO 
stated that they only offer hourly-based contracts as of today. In this, clients were continuously 
mentioned trying to lower the compensation for the work and as such, margins were low and 
highly dependent on the competition on the market. The firm does not practice any surveying and 
hence, no digital technologies related to geodetics, apart from machine control systems, had been 
adopted as seen in Table 12. As can be seen from the table, the adoption of telematics features is 
also low within the company. 

 
Table 12. Overview of digital technologies adopted in Company E’s operations. 

Geodetic 
technologies 

GPS/GNSS 
Machine control 

DTM 
software 

Surveying 
instruments  

(Total stations, 
Rovers etc.) 

Unmanned aerial 
vehicle 

 (Drone etc.) 

Visualisation tools 
(VR, AR, MR) 

✓ - Adopted 
✖ - Not adopted ✓ ✖ ✖ ✖ ✖ 

Telematics 
features 

Maintenance & 
Repair 

Fuel 
utilisation Asset utilisation Real-time machine 

status & location Productivity 

✓ - Adopted 
✖ - Not adopted 

✖ ✖ ✖ ✓ ✖ 

 
 
Company E’s business idea is built on ‘delivering quality work’ and availability. Though, the 
company strives to be included in as many long-term projects as possible for securing a steady 
cash flow. Hence, an issue that was mentioned frequently was regarding Company E’s role in 
project, as clients’ foresight was perceived to get shorter and shorter. Thus, the time for pricing of 
its services and planning new construction equipment investments were negatively affected and 
often decided without basis. Related to this, Interviewee E meant that a considerable amount of 
time needed to be spent on the company’s daily operations, which in the role as CEO, was 
explained to be frustrating and furthermore, economically troublesome. 
 
Further, during the interview at Company E it was observed that the company’s digitalisation 
process had been negatively affected by the recently introduced General Data Protection Regulation 
(GDPR). Company E had in this taken the decision to reverse almost all digitised documentation 
back to using physical papers as a consequence of potential fines from storing and sharing data 
wrong as well as the risks associated with the possible consequences of getting into disagreements 
with the unions. 
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Adoption of digital technologies 
In Company E, seven machine control systems were used in its fleet, consisting of 30 machines. 
Depending on the clients’ requirements the systems were rotated between machines and further, 
used when DTM-models were provided by the clients’ surveyors. Generally, the available systems 
were stated to be used frequently in projects. However, some clients lacked professional resources 
to either produce and manage the required DTMs used in machine control systems, or, saw the 
additional cost to be a reason for not providing these. Hence, in these cases the systems were not 
used.  
 
Moreover, the company had currently received many contracts with projects related to 
construction and excavation of tunnels which also made the usage of the systems more difficult as 
GPS-signals were disturbed. All in all, the company and its employees were stated to have a positive 
view on the usage of machine control systems as these made the machine operators less dependent 
on surveyors, but that the usage was still highly dependent on its clients. 
 
Furthermore, Interviewee E described that the company, about a decade ago, took on contracts 
which included a greater responsibility in terms of the role as main contractor. However, because 
of the magnitude of such contracts, along with difficulties related to white-collar worker 
assignment, the company has changed its operations to exclusively take contracts as 
subcontractors. Interviewee E described that these projects historically required an extensive 
amount of disciplines, time and knowledge that were related to assignments of white-collar 
workers. 
 

We have a history of it [role as main contractor]. Back then, the company had two divisions 
consisting of a contractor unit and a machine agency, where the latter mainly made its profit by 
providing the earlier one with blue-collar workers and machines. We have chosen to refine and 
just go on as this [execution subcontractors] because that's what we are good at […] 

- CEO, Company E 

 
Interviewee E furthermore described the main reason for the change of direction, 
 

Today we don’t have the required people, white-collar workers. To take your own contracts and 
project requires so many different disciplines. The site manager and civil engineers among our 
customers and clients that have that position today seem to have an incredibly large organisation 
behind them, because such project roles and responsibility must include a lot of administration, 
documentation, skills, knowledge, overhead costs and follow-up etc. 

- CEO, Company E 

 
Continuing, the firm’s earth-moving machines consisted of a mixed fleet and included telematics 
hardware as well as OEM service deals. Turning to telematics data, this was not used in a 
systematic way by Company E although, some functions in the systems were perceived to be 
valuable such as knowing the position of the machines as it enabled warnings and tracking in 
the case of theft. The CEO explained that several features in the telematics systems had been 
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available for free in the past but were now limited to premium subscriptions that had to be paid 
for.  
 
Furthermore, fuel consumption was stated to be useful as some clients asked for this information. 
However, as this was a feature with additional cost in the OEMs user interface, this was not 
utilised. Also, due to the small fleet this was considered to be even more unfavourable as the 
information in a telematics system was possible to acquire through other means, such as messaging 
or calling machine operators. Moreover, relating to machine status, the understanding of fault 
codes and other information was perceived to be difficult by the CEO, who further stated, “the 
fault and error codes displayed in those systems, they are more or less on a hieroglyphic level”. 
 
The CEO for Company E did several times mention the difficulties of understanding how the data 
collected in their machines was used by vendors. As a response to the increasingly offered 
telematics systems the CEO stated  
 

I have another view on this, I mean, it is not possible to understand in how many levels my data 
is sold. How many levels is it sold and who earns money on behalf of me? I mean, have you 
seen the user agreement by [vendor]? [...] I do not understand the things I read in it.  

- CEO, Company E 

 
ME’s Interviewee X4, also considered this to be a complex and problematic aspect with difficulties 
in understanding how data was used by OEMs. Also, according to Interviewee X4, this experience, 
had been reported by several other earth-moving contractors. 
 
In conclusion, the benefits of utilising telematics systems were by Company E not perceived to be 
beneficial enough for it to be economically viable to pay for separate telematics features that were 
not included in the free versions provided by the OEM.  
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6. Analysis 
In this chapter, the findings from Chapter 5 are analysed using the report’s analytical framework that is presented in 
Chapter 2. The digital technology adoption analysis focuses on the analytical framework’s three dimensions namely, 
technological features, organisational characteristics and external context. Dimensional constructs and factors that 
influence digital technology adoption in the case of Company A, the incumbent industry leader, are first analysed. This 
is followed by the same type of analysis of the two digital leaders, Company B and C. Lastly, the reactive adopters of 
digital technology, Company D and E are analysed. 

6.1. Company A - Incumbent Industry Leader 
In the following section the considered incumbent industry leader’s (Company A) factors for the 
adoption of digital technologies will be considered and analysed through the lens of the analytical 
framework.  

6.1.1 Technological features 
Company A’s position as incumbent industry leaders greatly influences its strategic reasoning of 
digital technology adoption. The company stated that it had a clear and long-term strategy related 
to low risk, striving for organisational growth and strengthening its role as Sweden’s leading earth-
moving subcontractor by mainly being involved in major infrastructure projects. Relating to how 
Lin and Chen (2012) describe compatibility, Company A’s approach requires new digital 
technologies to be compatible with its strategy. The degree of how various digital technologies 
allow the company to continuously improve and develop its operational efficiency and benefit 
from economies of scale tended to be determinant in the type of digital technologies the firm has 
chosen to adopt.  
 
Somewhat surprising, Company A’s adoption strategy also relates to a relatively progressive 
approach, wanting to be first with new innovations, when searching for and adopting new digital 
technologies. Here the CEO expressed that they “want to be in the highest quartile in the usage 
of digital technologies”. Despite this, the firm was greatly influenced by its exploitative business 
approach and thus, adoption decisions had to enable internal efficiency and possess low risk.  
 
This can be related to the concept of incremental innovation, as the adoption and usage of telematics 
systems and machine control systems were, by the firm, associated with a relatively low risk of 
interfering with its current strategy related to business processes, customer relations and financials. 
Nevertheless, Company A’s recent adoption of telematics systems for fleet management and route 
optimisation, specifically designated to Project A, has the potential to radically change the 
organisation’s operational processes. This specific endeavour can arguably be related to the 
concept of radical innovation and a more explorative adoption approach, involving the potential as 
well as coherent risk of creating major changes in the organisation’s operational processes. In line 
with Rogers’ (2003) relative advantage, Company A stated that the convenience and 
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improvement of the organisation’s overall productivity from adopting telematics systems 
outweighed the potential risks related to operational changes.  
 
Moreover, when it comes to geodetic technologies, these were adopted in a more conservative 
manner in comparison to the more explorative adoption approaches found in the cases of 
Company B and C. In line with the theoretical concept of radical innovation, geodetic technologies 
were associated with the potential for a paradigm shift in terms of a new role that would include a 
greater responsibility in many of the firms projects (Tushman & Anderson, 1986; Henderson & 
Clark, 1990; Tidd & Bessant, 2013). Although the adoption of this more advanced digital 
technology was perceived to have great potential and possibly beneficial in many ways, the high 
risk associated with it forced the firm to deny a full adoption of this type of digital technology. 
These technologies have still been able to improve a perceived performance gap, which according to 
Rogers (2003) relates to the disparity between expectations and actual performance that an 
organisation experience. Thus, a clear relative advantage has been evident in the adoption of 
geodetic technologies as well, even though the adoption has been more restrictive as compared to 
the studied digital leaders. 
 
Moreover, the compatibility between a firms’ current infrastructure and its fleet size seems to be 
significant in terms of certain digital technology adoption. In the context of telematics adoption, 
the case of Company A illustrates that a large fleet size is clearly beneficial and favourably linked 
to such digital technologies within the earth-moving industry. This corresponds well with 
Tornatzky and Fleischer’s (1990) suggestion related to large firms’ ability to achieve economies of 
scale. Hence, it is also evident that in the context of the Swedish earth-moving industry, the 
adoption of fleet management telematics seems to be positively related to a large machine fleet 
size.  
 
For Company A, digital technologies that had features which were perceived as complex were 
negatively associated with adoption. In this, the digital technologies related to machine control 
systems and basic geodetic technologies were in themselves not perceived to lack user-friendliness. 
Complexity regarding these digital technologies was instead internally related and associated with 
the lack of professionals that could in a professional way manage and coordinate operations linked 
to these digital geodetics technologies. On the other hand, as stated by e.g. Interviewee A2, 
telematics systems and the outcomes from these were perceived as difficult to observe and not 
user-friendly which has hindered the further utilisation and implementation of the systems in his 
operations. Thus, in conclusion, the complexity of digital technologies can clearly be a barrier for 
the adoption within the earth-moving industry but, when benefits are clear these hurdles are 
possible to overcome by acquiring the right competencies. 
 
 
Finally, both for telematics systems and geodetic technologies considerable financial costs have 
been surpassed. In the case of telematics this is reflected by Company A’s investments in initiatives 
and projects such as Project A. As for machine control systems, the considerable investment cost 
due to the large size clearly indicates the perceived value in these as well. Lastly, in the case of 
geodetic technologies the comparably low cost of these systems was clearly not seen as a barrier 
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and the possibility to obtain a return on investment was evident. This clearly indicates the relative 
advantage of the systems as opposed to the financial cost. Relating to Lin and Chen (2012) it is 
clear that the aspect of efficiency by exploiting these digital technologies in order to increase 
productivity on projects has been the underlying factor positively affecting the adoption by 
Company A. Also, relating to Karakaya (2015), the importance of clear benefits in the case of high-
cost investments is evident for adoption to take place. 

6.1.2 Organisational characteristics 
In the case of Company A, the potential to adopt and benefit from digital technology seems to 
align well with previous research (for instance, Tornatzky & Fleischer, 1990; Baker, 2012), pointing 
towards a higher adoption by larger sized organisations for technologies in general. For telematics, 
it is evident that the large size has affected the possibility to assign resources in the form of CEO-
time, designated people for specific tasks and financial investment to projects such as Project A 
for Company A. Moreover, the ability to invest and the actual investment in geodetic technologies 
is also clearly linked to the size of the firm when comparing this adoption to the smaller firms in 
the study. However, as recognised by Company A’s CEO, and in comparison to smaller firms, 
when the firm has grown in size it has also meant that the firm’s organisation has developed more 
inertia in the form of employees and machines and thus, become less flexible. This in turn has 
been perceived as negative for the adoption and usage of some of the geodetic technologies. 
 
Relating to this, it is clear that in line with the large size of the firm, slack resources have been 
determinant for the adoption of geodetic technologies as these have required new competencies 
which have been possible to acquire with available financial resources. Hence, the findings point 
toward a positive adoption of digital technology in the earth-moving companies related to a large 
size and in this, particularly the presence of both human and financial slack resources. However, 
in line with Tornatzky and Fleischer (1990) slack has not on its own been sufficient for adoption 
to occur, where for instance the role of top management has been influential, which will be 
addressed below. Also, as Kurnia et al.’s (2015) results have shown, the large size of the firm is 
closely related to the slack resources available to set up the right infrastructure required for digital 
technology adoption. 
 
In contrast to the other firms, the CEO of Company A had a considerably more strategic role and 
possibility to enact in different projects outside the daily operations due to the large size of the 
firm. It is clear that this has allowed for the presence of top management support, which has 
been an important aspect in the introduction of new technologies within the firm. This has been 
the case for the adoption of both telematics systems and geodetic technologies in which these 
initiatives have been highly supported by the managers, and in particular by the CEO. Due to the 
mentioned strategic role of the CEO of Company A, it was evident that he was highly involved in 
new strategic initiatives and decisions made regarding the adoption of digital technology. This in 
turn has influenced the company’s ability and willingness to invest resources in initiatives towards 
exploring new possibilities for the utilisation of digital technologies.  
 
In this, the characteristics of the CEO in Company A do not fall into the categorisation innovative 
CEOs mentioned by Rogers (2003) as well as Thong and Yap (1995) due to the evident risk-
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aversion displayed by the CEO. However, the CEO still indicated an openness towards new 
technology and would thus neither be categorised as an adapter (Thong & Yap, 1995). The large 
size of the firm together with the responsibility and rigidness following this seems to affect this 
attitude towards technology. This as it restricts the CEO from making radical changes to the 
organisation, even though the CEO stated a clear interest in the continuous adoption of new 
technology. 
 
When it comes to the organisational structure, it is clear that the large size of the organisation, 
with a high number of white-collar workers, has enabled slack for top management of the firm to 
participate in endeavours facilitating the adoption of new technologies. Again, it can be seen that 
the notion of size seems to consist of other underlying factors, as has been noted in previous 
research (Baker, 2012; etc.), that might better explain the adoption from an organisational 
viewpoint. Here it is clear that the large size has allowed for resources in the form of the CEO to 
benefit from the available slack.  
 
Also, Interviewee A3’s role in geodetic technology adoption decisions displays a change in the 
organisational power structure with the introduction of these technologies. In Company A this 
was not expressed as a major issue although it could negatively affect the adoption of geodetic 
technologies in other large firms within the industry if top management are unwilling to let go of 
highly centralised decisions. 

6.1.3 External context 
As accounted for by Tornatzky and Fleischer (1990), industry characteristics can affect the 
adoption of technology within the external context. In the case of the earth-moving industry one 
important factor can evidently be related to project characteristics. This in terms of the project’s 
length and operational variety. Here, the possibility for Company A to increase its productivity 
through telematics systems was evident for which discernible project characteristics were an 
important aspect. For instance, the pre-project time was stated to be of significance as well as the 
degree of repetitive operations which clearly was affecting this possibility, especially in large 
earthwork projects. Hence, it is clear from the findings related to the interviews with Company A, 
that project characteristics have a major effect on the adoption of digital technology. 
 
Additionally, in the case of geodetic technologies, the lack of enough expertise within for DTM 
models within the industry has made it possible for the company to extend their competence 
within this area. In line with Tornatzky and Fleischer (1990) this indicates that the lack of workers 
with the right skills can be perceived as a limiting factor for those organisations that want to adopt 
geodetics but lack such competence. However, for Company A this has enabled a new business 
possibility as the company has managed to hire an external consultant for this and thus possesses 
a competitive advantage through this.  
 
To continue, it is clear that the projects Company A undertakes, often have large construction 
firms as clients which possess much resources, making earth-moving firms’ possibility for 
designing unnecessary. Moreover, as a move towards an increased role in turnkey contracts was 
stated to be risky, due to the risk of jeopardising the relationship with its current clients, this has 
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affected the company’s adoption of digital technology. For this reason, Company A feared that its 
clients would perceive an advancement in the use of such digital technology as a threat and hence, 
potentially harming strategic and important business relationships. This has directed the firm 
towards exploitative and incremental improvements of its current operations and limited the 
implementation of more radical geodetic technologies.  
 
Furthermore, relating to previous studies (Kuan & Chau, 2001; Khalifa & Davison, 2006) the 
presence of client pressure had been pushing Company A towards the adoption of machine 
control systems. In fact, the requirements from its clients had been determinant for the initial 
adoption of these systems. However, this has not solely been the determining factor for adoption 
as the previously mentioned relative advantage of the technologies was also important for these 
decisions. This in turn has meant a need for internal knowledge of DTM software as these 
competencies were often lacking among clients. Therefore, relating to previous findings on client 
readiness (e.g. Iacovou et al., 1995) the lack of this factor in terms of DTM-model development, 
was in fact determinant for the adoption of geodetic technologies and DTM software by Company 
A. Thus, it can be concluded that the construct related to clients and customers has affected the 
adoption of geodetics digital technologies in Company A.  
 
To continue, competitive pressure on the digital front from digital leaders has meant a strive 
towards new technology for the firm, as stated by the CEO of Company A. This is clearly in line 
with previous research (Hameed et al., 2012 among others) where competitive pressure has shown 
to make firms propel in the search for new technologies to maintain competitive advantage, as was 
the case for Company A. 
  
Lastly, relating to vendor support, this has been evident in the adoption of both geodetic 
technologies and machine control, in the form of support for Interviewee A3, as well as telematics 
in the case of the collaboration with other actors in Project A. The lack of this factor in the case 
of Interviewee A2 also shows that when the technology is complex and requires new skills, it is 
important to have this support for a successful implementation to occur. Therefore, due to the 
new competences needed for the usage of digital technologies, a presence of vendor support seems 
important in order for successful adoption to take place. 
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6.2. Company B and C - Digital Leaders 
Here the adoption of digital technologies by the considered digital leaders in the industry, 
Company B and C, will be considered and analysed through the lens of the analytical framework. 
When applicable and of interest the differences between the two firms will be addressed. 

6.2.1 Technological features 
In the case of the digital leaders, both firms explicitly mentioned to have seen a need and a clear 
relative advantage in machine control systems as well as geodetic technologies. These factors 
have constituted major reasons for the initiation of the adoption process of these technologies. 
The relative advantage and the initial reason for adoption concerned the two firms’ machine 
control systems efficiency. Due to the independence from surveyors and the ability to diminish 
the performance gap, an adoption of both physical and digital geodetic technologies allowed them 
to be more productive as well as more efficient in comparison to not utilising the tools. These 
metrics are typically found in the context of relative advantage and align well with previous studies’ 
findings that these attributes positively affect the adoption of technology (e.g. Rogers, 2003; Lin 
& Chen, 2012). Furthermore, the recognition as digital leaders within the Swedish earth-moving 
industry which both Company B and C have received can be associated with social prestige and 
fame. This has further motivated these firms to continuously develop new areas of use and 
enhances the adoption of geodetics technologies. 
 
Regarding compatibility based on Lin and Chen (2012), Company B and C have recognised 
different potentials with digital technologies and have been led by the adoption of these, which 
has in turn shaped their strategy forward. Thus, from a compatibility viewpoint, and in comparison 
to Company A, the firms’ willingness to maintain a certain strategy and current relations with 
clients does not seem to have limited the adoption in any manner. Rather, Company B and C seem 
to have approached this in a more entrepreneurial manner with a more risk-prone approach and 
with a strive to explore the possibilities with the technology rather than trying to apply these to 
current business operations and strategies. Here Company B has had an even higher strive to utilise 
the technologies which is reflected by its choice of private consumers as clients as it has enabled 
the possibility to utilise more technology. Company C’s approach has also been explorative 
although it has also decided to focus extensively on exploiting the current business operations with 
the help of new technology. 
 
Another factor relating to the notion of compatibility is how the telematics systems relate to the 
machine fleet. In this case, compatibility is considered in the form of current infrastructure, in line 
with Lin and Chen (2012). When it comes to telematics systems the benefits with these were 
pointed out and recognised. However, as specifically pointed out by Interviewee B, the firm’s 
current fleet size was a hindrance towards an adoption and realisation of the benefits with these 
systems. Thus, in line with the analysis on Company A, the current infrastructure regarding the 
fleet size and number of construction equipment available, this seems to affect earth-moving firms’ 
possibility of benefitting from telematics systems. 
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In contrast to the incumbent industry leader, digital technologies with features perceived as 
complex were among the digital leaders both negatively and positively associated with adoption. 
Here the digital technologies related to geodetic technologies and DTM software, as in the practical 
and physical usage (e.g. drones and surveying equipment), were in themselves not perceived to 
lack user-friendliness. Instead, the perceived difficulties and barriers were rather related to a lack 
of interoperability or the internal and external scarcity of professionals that could manage and 
coordinate operations linked to these digital geodetics technologies.  
 
Thus, although Rogers (2003) mentions that complexity has been shown to affect the adoption 
of new technologies to a varying extent, it is clear that in the adoption of geodetic tools in the 
context of the earth-moving industry it is a crucial factor to consider. In the case of the digital 
leaders the complexity has allowed the them to create a competitive advantage which other firms 
do not possess, by the significant knowledge capital gained within the area of geodetic 
technologies. It is evident that this has facilitated an increased rate of adoption, modification and 
understanding of how new digital technologies can be used in order to efficiently explore and reap 
benefits from these. Hence, complexity might be perceived as negative in terms of digital 
technology adoption when no prior experience exists, but also as a positive feature in terms of the 
potential of gaining valuable knowledge capital to be utilised as a competitive advantage for these 
firms.  
 
Further, the digital leaders perceived the tools’ investment costs to be low, in relation to the usual 
construction equipment they acquire. Also, when regarding the adoption of telematics systems, 
neither of the firms mentioned any issues related to cost with the systems rather, other factors 
were more important for not adopting the systems. Thus, in contrast to Premkumar’s (2003) 
findings on cost being a significant negative factor for smaller firms, the financial cost of the 
technology was perceived to be a low barrier when the benefits of using the system had become 
clear for Company B and C.  
 
Lastly, regarding observability, it was clear that this factor had been important in the adoption of 
tools for surveying and staking out in one of the firms. The CEO of Company B had been 
influenced by observing a person possessing this competence. Yet the underlying factor for 
adoption in this case seems to be more connected to the relative advantage of the technology and 
that the observability rather served as a facilitator for the realisation of this. Thus, it can be 
concluded that the presence of observability can be an important technological feature for the 
adoption of digital technologies by earth-moving firms, when a relative advantage is clearly visible 
for observers of the technology.  

6.2.2 Organisational characteristics 
Relating to the theory on how organisational size affects firms’ decisions to adopt innovations, 
these are, in the case of Company B and C, somewhat contradictory to previous mentions 
(Tornatzky & Fleischer, 1990; Rogers, 2003) stating that large organisations adopt innovations to 
a higher degree than smaller ones. In the studied firms within the earth-moving industry, it was 
clear that the smaller but digitally leading firms, Company B and C, had come furthest in the 
adoption and implementayion of new technology. Thus, it can be seen that other underlying 
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measures would describe the decisions towards adoption more than the notion of size does in the 
case of these two digitally leading firms. 
 
Rather than merely focusing on size, it is evident that the role of top management has been 
crucial in the adoption of digital technology by the digital leaders. For these firms the CEOs have 
been highly involved in the adoption process. It is clear that in these cases the CEOs have had a 
clear championing role where they have vouched heavily for the innovation. As slack resources 
have been scarce in these firms the CEOs themselves have acquired required skills to use the tools 
through learning by doing on their own. In this, scarce financial slack resources within the firms 
can be argued to have led towards an organic development of the knowledge rather than pursuing 
external acquisition. Hence, the importance of the CEO role in the adoption of technology within 
these firms, as referred to by Thong and Yap (1995) among others, is highlighted. Therefore, it 
can be concluded that the role of the CEO is crucial for the adoption of digital technology to take 
place in earth-moving firms, especially for smaller ones lacking considerable slack resources to 
invest in new technology. 
 
The greater control and earlier involvement in projects that some firms were able to gain by the 
adoption of geodetics also demanded top management support in undertaking new tactical and 
strategic approaches. Here the fact that the adoption of digital technologies has the possibility to 
affect the firms’ business processes and position in contracts also reflects an aspect related to the 
innovativeness of the CEOs in the firms. The CEOs for Company B and C can be portrayed as 
innovators, as suggested in theory. Here, it is clear that they have engaged in a more risk-taking 
role as compared to the CEO of Company A, who has been more inclined to follow the firm’s 
strategy of maintaining a subcontractor role in projects. Hence, it seems as if the presence of CEOs 
characterised by their innovativeness lowers the ceiling for adoption although the compatibility 
with a firms’ status quo might be low. 
 
Lastly, concerning organisational structure, the adoption of digital technology has clearly 
affected the distribution of power in Company B and C. However, although the adoption has 
affected this distribution, the initially higher share of machine operators (blue-collar workers) was 
not seen to affect this adoption negatively. Despite this low initial proportion of white-collar 
workers, the CEOs had carried through the adoption processes within the firms. Instead, the 
increase in white-collar workers working more closer to decision-makers, that is the CEOs, has 
been clear after the initial steps in the adoption of geodetic technologies by firms. Thus, the 
presence of a structure centralised around the CEOs had been present initially through the process 
to then decentralise when the utilisation of geodetic technology had become more established, 
which is contrary to the results mentioned by Baker (2012). 

6.2.3 External context 
As the findings have described, there was a lack of competence for the earth-moving firms within 
the area of surveying and in particular, for the usage of digital tools related to this. Here, the 
presence of vendor support was shown to be central for the adoption of geodetic technologies in 
Company B and C. Corresponding to the findings of Nguyen (2009), the lack of expertise for 
smaller companies in the context of earth-moving firms also calls for the need of support in the 
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form of close contacts from suppliers of these technologies and software. Also, it was clear that 
change agents in the form of individuals building trust and relationships to both CEOs were 
important for the adoption, which has also been shown in previous studies (Rogers, 2003, 
Karakaya, 2015). Moreover, aligning with previous research (Chang et al., 2007) is the particular 
role of this support in the case of non-adopters. Here the initial phase was considered by both 
CEOs to be particularly cumbersome to accomplish, as compared to acquiring further skills when 
the technology had already been implemented.  
 
In the case of telematics systems both CEOs had been approached in different ways by OEMs, as 
pointed out in the findings. Despite this, no considerable adoption of these systems was 
discernible. Thus, while vendor support might clearly be beneficial and even inevitable in the 
adoption of new technology, it is still important that the relative advantage of the technology is in 
place for a successful adoption.  
 
To continue, it is evident that an influential factor within the industry for the adoption of digital 
technology by Company B and C was the general shortage and lack of skills, in relation to the 
available work, within the creation of DTMs. This has clearly enabled an opportunity for the 
considerably smaller earth-moving firms B and C, as compared to large construction and designer 
firms, to benefit from the utilisation of the technology. Also, as reflected by Interviewee C, the 
current market situation may also be a considerable factor for the successful adoption of geodetic 
technology by earth-moving contractors. The current economic boom and past years’ positive 
economic trends can also be seen to affect large construction firms’ proneness towards smaller 
project and thus, leaving a gap for the earth-moving contractors. Hence, the industry is 
undoubtedly influencing the adoption of digital technology by earth-moving firms. This is also 
clearly reflected within previous results for the industry’s influence on technology adoption 
(Ramdani & Kawalek, 2009; Alshamaila et al., 2013).  
 
Another factor from the findings that is related to the industry is the type of project that 
contractors perform. For Company B and C, their focus on smaller projects has meant new 
possibilities to utilise digital technology in these. This because in comparison to large projects, 
running smaller projects means less hierarchy and complexity which in turn enables smaller earth-
moving contractors to gain more responsibility of the project. Also, the projects Company B and 
C are able to undertake were stated to require less precision than for instance the building of a 
tunnel would. Hence, within the studied industry the project characteristics have had an impact on 
the adoption of digital technology for Company B and C. 
 
Further, the type of client within the industry has clearly influenced the possibility to utilise digital 
technology and thus, affected Company B and C’s decision to adopt these. In the case of Company 
B, its focus on private consumers, reflected a possibility for utilising visualisation tools, which was 
by the CEO stated to be more difficult in the case of B2B customers. Also, due to smaller clients 
in terms of resources, more possibility to benefit from digital technology was evident. In the case 
of geodetic technologies, this allowed for improved communication towards clients and an 
increased responsibility in the projects for Company B and D as their clients had more difficulties 
providing these services on their own. Here it is evident that the clients have been an important 
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factor in the adoption but in a different way compared to previous studies (Kuan & Chau, 2001; 
Khalifa & Davison, 2006) as well as the other firms in the study, when it comes to client pressure 
and dependency. Rather, Company B and D have acted on their own and based on the findings, 
not been acting on client demands.  
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6.3. Company D and E - Reactive Adopters 
Company D and E were described as representatives of generic firms within the industry. As such, 
these will be analysed together and when evident, differences will be pointed out in the adoption 
of digital technologies for the two firms. 

6.3.1 Technological features 
To begin with, both Company D and E strived for availability towards their clients and only 
operated in projects where an hourly-based payment rate was possible. Both companies stated that 
they mainly act on customer and client demand which underlines a strategy of not being in the 
forefront of digital technology innovation. Therefore, the compatibility with the strategy towards 
availability was a clear prerequisite for the adoption of digital technologies in the case of Company 
D and E. This relates to Lin and Chen’s (2012) description where compatibility within 
organisations may be regarded to be concerned with the strategy of an organisation.  
 
Furthermore, it is obvious that the studied digital technologies can be perceived to affect the 
organisations’ processes in either an incremental or radical manner, depending on the 
characteristics of the digital technology (Christensen 1997). When it comes to the more radical 
nature of geodetic technologies, an adoption of these would clearly affect the firms’ strategies 
towards hourly-based contracts as these operate in a risk-averse manner. In this case, the radical 
form of the innovation would be perceived as a threat to the current strategy for the firms. On the 
other hand, telematics systems as well as machine control systems with their incremental impact 
on the companies complied well with their current strategies. Hence, these would not be seen to 
considerably affect the firms’ status quo, which was also clear as both firms had to some extent 
adopted these systems. All in all, telematics systems fit well with the strategy and thus the 
compatibility can be seen as positively affecting the adoption of these, whilst the adoption of 
geodetic technologies is affected negatively by the current strategies. 
 
As Lin and Chen (2012) point out, the perceived relative advantage within organisations can 
consist of factors such as effectiveness and efficiency. This is again closely related to the 
compatibility of digital technologies with firms’ business processes and past experience (Rogers, 
2003; Lin & Chen, 2012). In the case of Company D, the adopted and used telematics systems 
clearly related to the economic benefits as well as increased control for its business as a machine 
agency. However, the perceived relative advantage was merely seen to benefit its service and 
maintenance unit which explains why a wider adoption within the organisation had not been done. 
Apart from this, telematics systems were in general not perceived to benefit Company D and E in 
a sufficient manner for investments to be made on these systems. Here no particular information 
gathered by the systems was perceived to benefit strategic business development or decisions 
among the interviewees. Company E did in fact not see any potential to benefit enough financially 
from these systems and thus merely utilised the free features of its system.  
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Thus, the relative advantage together with financial cost has evidently affected the adoption of 
digital technology within the companies. In particular, for Company E a lack of enough relative 
advantage was clearly a reason for the unwillingness to invest financial resources in the systems. 
On the other hand, Company D had found a possibility to benefit from the systems and as such, 
was willing to invest financial resources in these. Therefore, it is clear that a lack of relative 
advantage influences the perception of financial cost because, when the benefits were notable these 
were evidently surmountable. This is in line with Karakaya (2015) who points out that when the 
cost of adoption is perceived as high, the advantages need to be clear for the potential adopter. 
 
Partly relating to the analysis above is the notion of complexity and the fact that telematics 
systems display data that is not easily overviewed and needs analysis for the relevant factors to be 
extracted. When it comes to machine control, this was evidently closely related to the current 
operations of machine operators and as such, the complexity was not mentioned to be a problem 
in relation to this. Moreover, although there was a general apprehension regarding the factors 
possible to maintain from telematics systems, many of the functions related to this were perceived 
to be difficult to use or understand by Interviewee E. As such, the information was neither 
perceived as beneficial nor possible to utilise in a manageable way for Company E. Clearly, the 
complexity can be seen to affect the adoption in the companies both negatively and positively. 
However, the lack of benefit seems to be more influential on the adoption, where complexity can 
be seen more as a barrier possible to overcome if the perceived relative advantage is high enough. 
 
Finally, regarding the previous possibility to utilise telematics systems for free that was mentioned 
by the CEOs of Company D and E could be viewed as a form of trialability, in relation to Rogers’ 
(2003) description. Here it is evident that this form of initial trial period of the systems has had a 
negative adoption on the later adoption of further telematics features offered by OEMs in the two 
firms. This is in line with Tidd and Bessant (2013) who point out that if an innovation’s negative 
aspects are significant a testing period will affect the adoption negatively.  

6.3.2 Organisational characteristics 
From the theory, it is clear that the top management’s support affects the adoption of 
innovations in the form of invested and committed resources. It was overall clear that the support 
and commitment of top management was lacking regarding the adoption of telematics systems in 
particular for Company E but also for a further usage of the systems in Company D. For telematics 
it seems crucial to have this support, as machine operators are not meant to be the end users of 
the systems and thus, a lack of commitment from top management becomes negative for the 
technology adoption. This also correlates well with previous studies conducted mainly within the 
context of IS and IT research (for instance, Oliveira & Martins, 2011). When considering a 
potential adoption of geodetic technologies, no initiatives from the CEOs were evident which 
would be necessary as these tools concern the strategy of the firm, as was discussed in the previous 
section. Rather, a content in using the machine control systems as of today was evident and no 
further steps in the usage of these were found. 
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As mentioned by Thong and Yap (1995), the shortage of adopted digital technology tends to be 
linked to top management’s support and the CEO’s knowledge of the digital technology and 
their expressed attitude for adoption. Here the CEO of Company D expressed his strategy for 
adoption new digital technologies in their operations and stated that they did not want to be among 
the early adopters of technology. Hence, their business strategy in the context of new digital 
technology and innovations could explain the low adoption and a possible link between strategic 
decision based on risk management, low margin operation and the CEO’s low innovativeness. 
 
Another factor which most likely have had a negative effect on digital technology adoption for 
Company D and E is the scarce amount slack the CEOs had. As both CEOs describe their daily 
work to be filled with operative work, the possibility for committing time on learning and 
evaluating new investments has been difficult to achieve. Comparing the importance of this for 
the leading companies in the study, it becomes evident that there would be a need for the presence 
of more slack in the form of CEO-time invested for a successful digital technology adoption to 
occur.  
 
Relating to the above, the organisational structure in the firms affects the possibility for 
delegating responsibility to other human resources than the CEO. This was difficult due to low 
share of white-collar workers in relation to the amount of machine operators, especially in 
Company E which transfers the main responsibility for adoption on the CEO. As the studied 
digital technologies have required specific competence and certain human resources, the 
organisational structure in these firms can be seen as negatively affecting the adoption. 
 
Lastly, due to the small size of the firms the short distance between decision-makers, which 
enables for informal communication, was acknowledged to build trust and seems to have affected 
the adoption of telematics systems. In terms of realisation of real-time data and monitoring 
operations, this seems to have been a factor affecting the CEOs in Company D and E as it was 
ambiguous if data from individual machines would be seen as a direct link of evaluating operators’ 
performances or skills and thus recognised as inappropriate to use. Also, the adoption of telematics 
could according to the interviewees jeopardise their internal communication and create 
interpersonal tension. As recognised in theory, if an innovation could endanger small firms’ 
interpersonal relationship or employers trust, it is likely that these firms reject an innovation with 
the potential to bring new value (e.g. Zaheer et al., 1998; Wilkinson et al., 1999; Story, 1994). 

6.3.3 External context 
To begin with, when it comes to the adoption of machine control systems, these were clearly 
affected by the clients of Company D and E. Even though the CEO of Company E clearly realised 
benefits with the systems, the firm was also evidently bound to their clients’ needs and 
requirements. This can be linked to the findings of Iacovou et al. (1995) that showed a connection 
between small firm adoption of technology and the dependency on clients. However, possessing 
a truly reactive role towards their clients, as common to the industry, there was little room for 
improvements by the companies themselves. Thus, in the case of Company D and E the reliance 
on clients can be seen to both positively affect the adoption of new technologies when this is 
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demanded by clients and, negatively if the client does not perceive new digital technologies as 
useful and unwilling to pay for such services. 
 
Relating to Tornatzky and Fleischer’s (1990) industry characteristics and Nyström’s (2018) 
findings, it seems evident that within the earth-moving industry, the type of project is a highly 
relevant factor from this point of view. Here it can be seen that the projects have affected the 
implementation of certain digital technologies as these have contained barriers for a full utilisation 
of for instance machine control systems. As was mentioned by Interviewee D, the potential for 
increased productivity, for instance through the usage of machine control systems, was largely 
dependent on the project-payment form as discussed above. Here the low degree of freedom, as 
pointed out by Nyström (2018), was affecting the firm’s possibilities to utilise digital technologies 
in innovative ways.  
 
Furthermore, as the CEO for Company E explained, restrictions in projects such as not being able 
to utilise the systems underground in tunnel projects was also a hindering factor for further 
adoption. Thus, in the examples brought up by the interviewees from Company D and E related 
to the type of projects carried out, these were all negatively affecting the possibility to adopt digital 
technologies in new ways due to the reactive strategies of the firms.  
 
Further, the competitive pressure can be seen to contradict some previous results related to the 
adoption of digital technology. Tornatzky and Fleischer’s (1990) mention that industries with many 
firms of equal size leads to increased adoption and faster technology adoption is clearly not 
supported in the case of Company D and E. Here the traditionally low-margin-related industry 
with many small competing firms has not affected these firms’ adoption of technology in a positive 
way. Rather, the payment-form has clearly hindered the adoption as it has made the firms highly 
dependent on larger actors within the market. Thus, in contrast to previous findings within IT and 
IS research, for Company D and E no clear positive relation to the adoption of digital technology 
could be found related to this competitive pressure (e.g. Alshamaila et al., 2013). 
 
Consistently with Nguyen (2009), Company D and E lacked skills and expertise within digital 
technologies which has affected the adoption of these. Compared to the leading firms, it is clear 
that a communication between the vendors, offering telematics systems, and the end-users was 
lacking. The presence of uncertainty and scepticism as perceived by firms towards the vendors’ 
data management was a clear indicator that the support offered by vendors was not optimal. Of 
course, this is not one-sided as the suppliers also perceived their customers to be less data-driven 
in decisions than what the interviewed vendor anticipated. All in all, this uncertainty and division 
does not reflect a sound perception of vendor support among the interviewees from Company 
D and E. However, whether the existence of vendor support would in fact affect the adoption 
positively is not obvious as the systems still need to provide a relative advantage for the customers. 
Thus, vendor support could be argued to affect the adoption if vendors are able to provide sound 
reasons and educate their customers in how to benefit from the systems. 
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Lastly and relating to governmental and institutional regulations, this seems to be both an 
enabling as well as limiting determinant for the companies’ adoption of digital technology 
adoption. The enabling factor relates to environmental regulations associated with earth-moving 
equipment, such as emission control, increasing taxes and new engine restrictions. These tended 
to affect the firms’ attitude of upgrading to newer equipment models that were found to be pre-
installed with both telematics systems and machine control. 
 
Moreover, the limiting factors relate to the GDPR regulations introduced in recent years as both 
firms described the additional work associated as both comprehensive and ambiguous. As a 
consequence, both firms had a conservative attitude towards using many of the digital technologies 
that could be linked with their employees. This was especially notable in the case of Company E 
as it had taken the decision to interrupt most of its work related to the digitisation of administrative 
information and instead, reversed almost much of its digitised documentation back to using 
physical papers. This as the firm feared the potential consequences of fines as well as the associated 
risk of disagreements with unions. 
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6.4 Chapter summary 
Based on the analysis above, it is clear that several technological, organisational and environmental 
factors affect a successful adoption of technological innovations within the earth-moving industry. 
As can be seen in Figure 20, the studied constructs from the analytical framework are distinguished 
by enabling and disabling factors for the adoption to take place. As the study has investigated the 
adoption within five different firms, some of the factors have shown varying effect between the 
firms. 
 
 
 

 
Figure 20. Summary of digital technology adoption factors. 

 
 
To continue, deriving from the analysis and the evident distinction between the firms’ adoption of 
digital technologies, a recurring theme was an observed profound strategic factor. This had 
indisputably been of significant importance among those firms that had managed to successfully 
adopt explorative value-creating digital technologies. In general, these have had a designated 
purpose to add new value or vastly improve the firms’ operations. For this, firms with clearly 
formulated strategies for digital technology adoption, including why and how questions, seems to 
have been vital when, for example comparing the so-called digital leaders and reactive adopters in 
this report.  
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By the comparison of the three contextual elements, a conceptual model shown in Figure 21 is 
derived. Here the recognised relationship between firms’ control of digital technology adoption 
and intended use for deriving value to the firm is presented. In this, the assumed attitude, perceived 
benefits and strategic intention of realisation related to adoption of a digital technology clearly 
differs between the participating firms and tends to shift if it is mainly driven by the organisation 
itself or experienced by external forces.  
 
 

 
Figure 21. A conceptual model for the relationship between control and intended use of digital technology 

adoption. 

 
Here the X-axis in the figure displays the difference between firms’ focus on either exploitative or 
explorative digital technology adoption. Company B can clearly be perceived as a forerunner in 
exploring new technology, whilst Company C has taken a slightly more deliberate stance in the 
adoption where it also strives to improve current projects and increasing margin from these. 
Moreover, Company A has also clearly taken an exploitative position in most of its digital 
technology adoption with the main aim of achieving internal efficiency. Lastly, Company D and E 
have displayed a more exploitative path in the adoption where the digital technologies have not 
been allowed to interfere with current values.  
 
Furthermore, the Y-axis in Figure 22 shows whether adoption decisions have mainly been driven 
by clients and customers or by the firm itself. Here the reactive adopters Company D and E, along 
with many firms in the industry, have positioned themselves to be dependent on clients in terms 
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of digital technology adoption. For the digital leaders Company B and C, it is clear that their 
position is directed more towards an internally driven approach based on the perceived value of 
the technology. Finally, Company A is placed between these two extremes and are driven both by 
independent firm decisions based on realised benefits as well as client demand in the adoption of 
digital technology. 
 
In line with Thong and Yap (1995), yet notable, is the differentiation of the studied firms’ degree 
of innovativeness, see Figure 22, in terms of adopted digital geodetic technologies considerably 
affecting current processes, see Table 6. This also seems to be positively associated with firms’ 
control and intended strategy for deriving value through the utilisation of adopted digital 
technologies. Here the position in the first quadrant of Figure 22 evidently correlates to those 
firms’ that have aimed to adopt technologies with the purpose of exploring new business offers 
associated with expansion into new markets. Also, the digital leaders’ strategic use and 
development of geodetic technologies and the novel use of fleet management telematics in the 
industry leading firm’s Project A are found in this quadrant.  
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7. Discussion  
This chapter aspires to argue for the research questions posed in the study together with the implications of these. 
This is then followed by a discussion of the study’s implications for sustainability along with the limitations in the 
research design and recommendations regarding future research to be done within the field. 

7.1. Utilisation of Digital Technologies - RQ1 
This study has shown that digital technologies are used to a varying extent by different companies 
within the earth-moving industry and based on this, the first research question will be addressed 
which is formulated as follows 
 

RQ1: What digital technologies do reactive adopters and digital leaders within 
the earth-moving industry utilise? 

 
Firstly, the reactive and traditional earth-moving contractors in the study were found to utilise 
some of the digital technologies regarded in the study. To begin with, telematics systems were used 
to a low extent by these firms, with some specific functions being perceived as useful and thus 
these were utilised. Further, when it comes to machine control systems, these were used by the 
reactive adopters when clients demanded this. Finally, no geodetic technologies had been adopted 
by this category of firms. 
 
Secondly, the digital leaders in terms of adoption of digital technology for earth-moving operations 
utilise digital technologies to a larger extent than traditional firms within the industry, especially 
when regarding geodetic technologies. Machine control systems and geodetic technologies were 
used by all firms within this category of adopters whilst telematics usage was low here as well. The 
exception was the largest firm, which has used several of the features in telematics systems and 
has also initiated projects to increase this utilisation. 
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7.2 Implication for Adoption - RQ2      
As a considerable number of articles have addressed IT and IS adoption in firms, it has been of 
interest to see how the findings in the context of digital technology adoption within the earth-
moving industry compares to the previous literature based on the TOE framework and DOI 
theory. In this, instead of merely focusing on the technology itself, the analytical framework has 
enabled a holistic perspective emphasizing several contexts affecting the adoption of technology. 
In the light of this, the following research question will be addressed in the following section 
 

RQ2: How does the technological, organisational and external circumstances 
affect earth-moving contractors’ adoption and utilisation of digital technologies 
in their operations? 

 
Here, several factors from all three contexts were shown to affect the adoption of the studied 
digital technologies in an interrelated manner. Some factors can be argued to have had a more 
significant role in this adoption of technology for earth-moving contractors and these will be 
accounted for below. 

Fit with current strategy and infrastructure 
The technology might differ in its compatibility with the strategy of the firm in terms of involving 
certain risk, both internally and externally. For a traditional low-margin industry as the one in which 
earth-moving contractors operate in, it is evident that several contractors opt for a low risk-low 
reward approach, such as Company D and E. As such, a possibly increased risk through more 
responsibility in projects through the adoption of new tools might be difficult to realise for many 
firms. Paradoxically, among the adopting firms in the study, the adoption of these technologies 
was seen as a way to reduce risks by improving operational and financial control, increasing 
accuracy, decreasing variations in contract length, among other things.  
 
Further, the complexity of the studied technology has required new skills and competencies, that 
may not be present in the current infrastructure, to be obtained by the earth-moving contractors. 
This in turn reflects a need for several aspects within the organisational context that need to be set 
in place in order for the adoption to be carried through. Firstly, as new skills are needed, resources 
have to be invested in either acquiring external knowledge (financial investment) or in obtaining 
the knowledge internally (invested time to learn). In the case of the adopting firms in the study, 
this has meant that a top management support has had to be present. In line with previous 
studies especially related to smaller companies, the owner-manager is often highly involved when 
decisions are made and thus the top managements’ role has been of special importance for the 
smaller firms.  
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Next, a truly important factor relating to this complexity and need of new skills seems to have 
been the presence of vendor support. It is clear that in all the studied cases where complex 
technology requiring new knowledge has been adopted, a vendor support has been evident. As the 
firms themselves often lack people with skills within the studied technologies this has been 
important and will probably be important for the further adoption of technology within the 
industry. This has especially been important in the initial phase of adopting all these technologies. 
One could therefore argue that the vendors’ support is vital due to their services of providing 
contractors with knowledge and information as well as reducing the complexity and risk associated 
with the adoption. 

Project and client 
When it comes to the earth-moving industry, the project type and size provide a particularly 
important aspect into the adoption of technologies within the earth-moving industry. Firstly, not 
all studied the technologies will be applicable for all firms. For instance, the type of earthwork 
operations carried out by a firm may require repetitiveness in order to benefit from the usage of 
certain technology, as was the case for improved productivity through telematics systems. 
Furthermore, the project type is also related to the fleet size for telematics systems in order to 
benefit from economies of scale. In addition to this, another difficulty can be related to technical 
limitations, such as difficulties using machine control systems in tunnel construction due to poor 
GPS-signal quality.  
 
Further, depending on the size of projects, it is clear that large projects often have a client 
responsible for the whole turnkey role possessing large resources and much competence. This in 
turn renders the usage of some technology by earth-moving contractors less attractive to clients 
as these are able to provide these services on their own. As was the case for Company A, there are 
still possibilities for the utilisation of new technology however, this either seems to require a 
collaboration with clients or technology which is beneficial for the subcontractor role.  
 
On the other hand, especially smaller projects and projects with a client possessing less resources, 
can enable more use of technology by the earth-moving firms. For instance, geodetic tools have 
to a large extent been possible to utilise by Company B and C due to the small-medium sized 
clients these work for. Large infrastructure projects in the magnitude that Company A often engage 
in would be impossible for these smaller contractors to engage in with the same turnkey role. 
However, in the niche that these digitally leading companies have found, the tools have facilitated 
the opportunity for this role. 

Organisational factors 
In theory, organisational size and coherent slack, often to be found in larger companies, have 
been shown to be important for adoption. What has been recognised in this study is that the larger 
and industry leading contractor, Company A, was able to acquire needed knowledge and resources 
through hiring and designating individuals with positions as officials for specific tasks. This has 
been made to enable the adoption of new innovations which was found to fill a need and potential 
to increase profitability as well as decrease risk. However, in the case of geodetic technology, the 
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organisation has not yet been able to diffuse the specific competence within the organisation, 
which could be argued to relate to a high risk as much knowledge is reliant on Interviewee A3.  
 
In comparison, the lack of slack resources in the two smaller and prominent firms, Company B 
and C, has clearly had an impact on their approach for adopting innovations. A great amount of 
resources, especially in the form of time, has had to be devoted to organically develop the skills 
and knowledge needed to make full use of the adopted technologies. Nevertheless, the two 
contractors have gained a valuable foundation and an amount of knowledge which has enabled re-
inventions for new sources of income. Further, spreading and sharing their knowledge among 
employees has enabled a sustainable organisation with high absorptive capacity for continuous 
adoption of technology.   
 
Further, in the organisational structure it is evident that the distribution of white-collar workers 
was found to be higher among adopters than the average number in the industry, especially 
compared to Company E, see Table 5. Related to the number of white-collar workers designated 
for tactical and strategic assignments, a high number of these tended to remarkably diminish many 
limiting determinants within the external context that the two reactive adopters (Company D and 
E) perceived as problematic and furthermore. 
 
Related to this, the CEOs from Company B and C stated that in order for them to fully adopt a 
technology, it required a prioritisation of a more tactical and strategic role in their firm rather than 
continuing with operational work as machine operators. This, even though both admit that by 
adopting coherent software to the technology meant that most of their decisions became based on 
automatic and data-driven results.  
 
All in all, the size and structure of the firms can be seen to have affected the manner, either 
organically or through acquisition, in which the technology has been adopted in the companies. 
This has also been affected by the allocation of white- and blue-collar workers in the firms. 

Benefits of the digital technology 
As theory on adoption concerns technologies, it is clear that a crucial factor affecting the adoption 
is the perceived benefit of the technology itself. This is reflected in the analysis where several of 
the organisational and environmental contexts assume that there is a reason to adopt the 
technology. As such, the organisational and environmental factors are of course important to 
consider however, if the technological features are non-existent, it is difficult to see how the 
innovations will spread within the industry.  
 
Here it is evident that the user, in this case the earth-moving contractor, needs to perceive some 
form of relative advantage that is fulfilled by the technology itself. If this is non-existent, it is 
difficult to see how the innovations will spread within the industry. To exemplify, the performance 
gap related to dependency of external actors and the usage of machine control, it was possible for 
earth-moving contractors to significantly diminish this gap, by the adoption of geodetic 
technologies, which therefore has fulfilled a need.  
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Interrelations between contextual factors 
To summarise, the adoption of new technology within the earth-moving industry is clearly reliant 
on all of the contexts in the analytical framework and these can be seen to interrelate with each 
other. Here the choice of projects, which display differing characteristics, is clearly related to the 
strategy of the firm, which in turn is closely influenced by the role of top management and how 
these are willing to shape its strategy. Furthermore, these decisions are of course affected by the 
technology itself and the benefits that this offers, to what rate this will be possible to implement 
in the organisation and the form of vendor support that is available. In all of this, organisational 
size and structure will be influential factors for how the adoption will take place due to the 
amount of available financial and human resources available to invest and assign in new 
technological initiatives. 
 
As such, it is clear that the adoption process for different firms will vary as firms of different size 
and type will have different prerequisites for digital technology adoption. Here one firm might 
have highly innovative managers carrying through changes regardless of the status quo, whilst 
others might be highly attached to their strategy and base all adoption decisions on this. Also, 
some firms will display rigidity due to their large size but on the other hand possess more resources 
to invest in technology, whilst the opposite might be true for smaller firms. 
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7.3 Value Chain Integration - Main RQ 
Based on the two research questions the main research question is addressed in this section. The 
main research question of the study was formulated as follows 
 

Main RQ: How can the adoption of digital technology in earth-moving 
contractors’ operations enhance their position in the value chain? 

 
As seen in the findings and analysis, the adoption of some technological innovations tends to have 
various benefits for the studied firms. However, for any earth-moving contractor, the quality and 
productivity that these technologies can provide might enable the possibility for getting a longer 
and more attractive contract, which is something that most firms strive for. This since firstly, there 
is a greater chance of a higher profit in longer contracts and secondly, longer contracts tend to be 
related to lower risk of not having a machine standing without work, meaning costs for a firm.  
 
By adopting machine control systems, which all firms’ in this study have done to various degrees, 
the attractiveness for each contractor towards customers and clients rises. As was mentioned in 
several interviews, customers and clients tend to be asking for this type of service more and more. 
This might be a sign that the current digital transformation within the construction industry, is 
likely to have a negative effect on earth-moving contractors that are not able to provide such 
services when asked for. So, by continuously developing internal knowledge of how to use this 
technology this strengthens earth-moving contractors’ position in terms of attractiveness among 
clients and also, enables them to gain valuable knowledge of how to best integrate themselves in 
the future supply chain, e.g. BIM-processes.   
 
Regarding the BIM-process, tools for surveying operations, and other tasks usually related to other 
actors than earth-moving operators, these have been adopted in a specific way by two firms, 
Company B and C. Firstly, an increased possibility to carry out operations within contracts has 
been made possible with the new technology. Secondly, these firms have also recognised the 
opportunity to offer DTM consultancy services for both clients and competitors in projects that 
the firms are not participating in themselves.  
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As is shown in Figure 18 and 20 in Chapter 5, the two prominent firms have increased their role 
in contracting to include other competencies than those generally possessed by earth-moving 
contractors. Now Company B and C are able to offer the whole service of partaking a turnkey 
contract, but also possess the ability to offer individual tasks, which was seen to be the case for 
these firms. Together this has enabled a possibility to be involved earlier in the planning process 
of a project and as such, gain better control over their own operations and work to be done. These 
firms now also have the capability to start taking larger projects since these in general demand 
more administrative and managerial capabilities. Company B and C are also able to offer new 
external services. This changed role for the two firms can be seen in Figure 22.  
 
 
 

 
Figure 22. Effects of adopting geodetic digital technology and their role in the value chain. 

 
 
 
In this, Company B and C have been able to integrate vertically within the market, as can be seen 
in Figure 23. In contrast, Company A’s strategy has led them to grow through horizontal 
integration, both by acquisition and merger as well as internal growth through investments in inter 
alia digital technology. Granted, in Company A’s case the ability to partake in piece-rate contract 
should not merely be considered to be dependent on the use of technological innovations but also 
related to an efficient organisation and capable machine operators, among other aspects. 
Moreover, an integration of value creating activities is not beneficial per se, rather an increased 
value in the tasks performed or a competitive advantage needs to be created in order for a firm to 
capture more value. Yet, this has been achieved by the digital adopters due to different aspects 
concerning the state of the current market the companies operate within.  
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Figure 23. Strategic differences in the context of digital technology adoption. 

 
It can also be seen, based on annual reports and the interviews, that Company B and C have also 
grown in size, regarding the number of employees. This implies that these firms also have the 
possibility to continue in moving towards the first quadrant in Figure 24. However, this would 
signify a completely new form of competition as many of the larger construction firms could be 
argued to be located in this quadrant. As the findings suggest, the two firms have found a niche 
within the market and targeted smaller projects which implies that in larger project sizes, the 
competition might be considerably more demanding. Relating to this, Company A was shown to 
have realised this risk and thus pointed its strategy towards avoiding this in order to maintain the 
relationship with current clients. 
 
Also, lacking the constraints of larger firms with regards to the aversion of risk, smaller firms of 
course benefit from their ability to be flexible and fast in the adoption of new radical (as perceived 
by the industry) technology. It was clear that the willingness to take these risks related to the 
investments separates the smaller prominent firms from the larger firm in the study.  
 
Moreover, an interesting aspect in this is also the perceived value in telematics systems that 
Company A sees, as opposed to the other studied firms. Telematics data offers Company A an 
ability to further continue its horizontal growth in that the company see a possibility to increase 
its profit margins through efficiency with the help of these systems. Here, the lack of possibility to 
achieve economies of scale hinders the smaller actors to benefit from telematics technology whilst 
larger actors such as Company A have the ability to capitalise on this opportunity. Further, the 
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findings do not show any indications that the usage of telematics systems would enable a vertical 
repositioning within the value chain as is evident with the geodetic technologies. Rather, the 
systems enable an increased efficiency for the firms possible to realise the benefits of economies 
of scale due to repetitive operations and large fleets. 
 
Based on the directions taken by Company A and the two prominent firms, the implication of the 
adoption of new technology for other firms within the industry can be discussed. Depending on 
the strategy of the firms, it seems relevant to regard the digital tools differently as these will be able 
to assist the firms in different ways. The utilisation of data for productivity from telematics systems 
could be realisable for larger firms with an aim to grow whilst smaller firms can benefit from the 
usage of geodetic technologies. In the case of Company D and E, these avoid designing due to the 
risk and responsibility that comes with this.  
 
However, it could still be argued that Company D and E, and other typical firms within the 
industry, would still benefit from an adoption of geodetic tools as this would improve their reactive 
position within the industry. Here, the companies would not need to adopt all of the technologies 
nor utilise these in the same manner as the prominent firms have done. Rather, many companies 
could follow the path of Company A and enable the partaking of piece-rate projects and through 
the usage of new innovations increase their efficiency whilst maintaining their roles as 
subcontractors. Either way, the adoption of the innovations as considered in this study are arguably 
beneficial for firms within the industry. 
 
All in all, the two prominent firms have, with the help of geodetic tools, acquired competencies 
that has enabled them to offer a new value, at least from the perspective of the earth-moving 
industry. This has enabled them to increase their competitiveness on the market and led to a 
growth and increased profit margin. Here, the companies have realised a niche in the market where 
these have positioned themselves through new services. Looking at Company A, it has also 
adopted digital technologies however, the aim with these has not been to reposition themselves in 
the value chain of the construction industry but rather to internally increase the company’s 
efficiency and benefit from economies of scale with higher profit margins as a result.  

Integration possibilities for earth-moving firms 
Relating to the main research question, the findings make it evident that differences between firms 
will affect the possibility to enhance earth-moving firms’ role in the construction value chain. 
Therefore, these implications for the role will be summarised in this section based on the 
discussion above. 
 
Firstly, the adoption of telematics systems can enable firms with large-sized fleets or repetitive 
projects, to increase their productivity and thus improve their profits. This has been shown to 
enable the possibility to expand through horizontal growth as more resources are freed and can 
be spent on acquisitions or re-investments within the firm. 
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Secondly, the adoption of geodetic technologies shows the possibility to both increase 
profitability through efficient operations within projects and thereby enable the possibility for 
horizontal integration. Further, earth-moving contractors’ adoption of these geodetic digital 
technologies allows for new vital business information which enables the possibilities for a vertical 
integration. Hence, strengthening their usual role as subcontractors in a proactive manner. 
  
Thirdly, it is evident that smaller prominent and industry leading earth-moving contractors with 
significant top management support have been able to leverage digital technology by strategic 
adoption to change their position in the value chain.  
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7.4 The Economic, Social and Environmental Aspects 
It is evident that the adoption of digital technology among earth-moving contractors can have a 
significant effect on their operations. For example, firms have the opportunity to become more 
productive, efficient and strengthen their position in the value chain, enhancing the firms’ long-
term economic sustainability. Further, the earth-moving industry affects several other actors in the 
construction value chain and thus, changes in this will be consequential for the country’s 
development of infrastructure and other construction-related sectors. Hence, positive economic 
development within earth-moving firms will also enable continuous investments in the 
construction sector which consists of a considerable amount of Sweden's total GDP. 
 
Furthermore, from a social sustainability perspective, the work conducted by the earth-moving 
industry conducts is vital not only for its clients but also for the society at large. Regarding the 
possible impacts on social sustainability of the study’s findings, especially on an individual level, 
the findings imply changes in the roles related to the machine operators work. As several of the 
digital technologies covered in the study require new forms of competences in terms of technical 
skills and knowledge, the typically practice-focused role of machine operators might prove 
insufficient. Many earth-moving contractors are already facing difficulties from the scant re-growth 
of machine operators as few people choose this profession. By highlighting the industry’s adoption 
of digital technologies, it is possible that this could aid the ones responsible for education to attract 
new talent with technical interest to the traditional industry of earth-moving contractors, generally 
represented by people with a homogeneous background. 
 
At the moment, the pressure increases on countries like Sweden to reduce their environmental 
impact through major investments done in infrastructure projects for decreasing ecological and 
CO2 footprints. From the environmental sustainability viewpoint, the adoption of digital technology 
means less negative impact from construction equipment as an increased efficiency lowers the 
need for unnecessary operations contributing to emissions. Further, an increased role for earth-
moving contractors in the value chain might also lead to a higher acceptance towards new 
technologies that could potentially be beneficial for the environment such as electrified and 
autonomous vehicles, as this development no longer needs to be seen as a threat for current 
businesses of these firms. 
 
Hence, the context and findings described in this report help firms to adjust their operations and 
offerings to become more sustainable through the adoption of new digital technology. This, not 
only in terms of economic profitability and social impact, but also in terms of the environmental 
impact left on the planet.  
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7.5 Limitations and Future Work 
When it comes to a further generalisability to other national contexts, especially the external factors 
affecting the adoption will certainly vary. The high fragmentation of the Swedish earth-moving 
industry, consisting of a large amount of SME firms, as well as a significant concentration of 
projects among a few large construction companies surely affects the adoption. This can be 
compared to other national contexts consisting of more large companies within their earth-moving 
industries contributing to a more consolidated industry (Nyström et al., 2016). As has been 
discussed, smaller firms possess less resources and the results would probably show a clear 
difference in the findings if the study would be replicated elsewhere. With this said, the findings 
should be regarded to correspond well to the industry of earth-moving contractors in Sweden. The 
multiple case study method together with external interviews and reference group meetings seem 
to show a direction towards the generalisability of digital technology adoption for firms in the 
whole industry. 
 
To continue, as can be seen from Baker’s (2012) summary of the environmental context, it is 
evident that several factors in the external context can affect the adoption of new technology. As 
every context might be different, the setting for innovation adoption will change between different 
innovations and different contexts, which is also pointed out by Alshamaila et al., (2013).  This can 
be argued to be particularly true for the external context, as it becomes evident that it is difficult 
to generalise findings within this context, which can be correlated to the variety of constructs in 
the external context shown to affect technology adoption (Baker, 2012; Premkumar, 2003).  As 
such, this study could serve as a basis for further research within the industry with the presented 
influential aspects, especially with regard to the external context of the earth-moving industry. 
Also, this implies that new factors should be considered within technology adoption research in 
other industries than the earth-moving industry. 
 
Further, the limited time frame of the study has affected the further possibility to investigate how 
specialisations of the companies’ projects and operations could affect the results. Although the 
findings clearly indicate differences between the companies, the conclusion that can be made from 
these findings is limited to stating that these differences do matter. Moreover, it was evident from 
the external interviews that no clear distinctions regarding different earth-moving specialisations 
are evident within the industry. Rather, all the firms in the whole industry are regarded as earth-
moving contractors with no consideration or division between the operations that differ between 
firms. Hence, it may be of interest for future research to further investigate and compare if and 
how these differences affect earth-moving firms’ adoption of digital technology and moreover, if 
the industry could be categorised in accordance to these.  
 
Finally, as this study has set out to be exploratory in order to develop an initial understanding of 
the earth-moving industry, a next step could be to design an exploitative study using quantitative 
methods, such as a survey, in order to develop a more general understanding of the industry’s 
usage of digital tools. In this, a consideration for different specialisations should also be sought 
after in order to build a better understanding of the industry as a whole. 
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8. Conclusions 
The following chapter concludes the study’s findings. The purpose is recapitulated and following this, the findings and 
analysis regarding the three categories of firms are summarized. Lastly, the chapter is concluded by addressing general 
implications for firms within the earth-moving industry. 

 
This study has aspired to fulfil the purpose to investigate how earth-moving contractors on the Swedish 
market have chosen to activate and utilise digital technologies in their operations. And furthermore, to identify 
how digital technologies in earth-moving contractors’ operations can strengthen their position in the value chain. Due 
to the few studies performed on the earth-moving industry this study has been based on an 
explorative multiple case study on five earth-moving contractors in order to gain a holistic picture.  
  
These five studied firms have been categorised into three classifications consisting of two reactive 
adopters, one incumbent industry leader and two digital leaders. The results clearly indicate 
distinctions between these three categories of firms according to their similarities of how digital 
technology has been adopted in their operations as well as the limiting and enabling factors 
affecting this. 
  
Firstly, the reactive adopters’ adoption of digital technology has been affected by client 
requirements. The adoption in these firms is driven by customer demand and characterised by the 
intended purpose and aim of exploiting the technology in current operations. This approach was 
not shown to have affected the firms’ position within the construction value chain in any notable 
manner but rather seen to aggregate current issues that hinder a sustainable business 
development.    
  
Secondly, the digital leaders in the study were clearly pursuing an innovative approach with a focus 
of explorative expansion of current operations and new business opportunities through their use 
of digital technologies. These firms have independently controlled their digital technology 
adoption rather than being dependent on their clients and customers in this. The digital leaders’ 
adoption has mainly enabled a vertical integration in terms of responsibility in projects.  
  
Moreover, and significant for the digital leaders is their high ratio of white-collar workers that has 
rapidly and simultaneously grown with the firms increased profits by new business offering from 
the adoption of advanced digital technologies. Here the gained competence and internal 
knowledge capital have been vital factors in their novel development and are to be highly 
associated with a long-term survival as well as sustainable business operations. Related to this is 
their distinguished use of rational and measured decision making that has diminished risks in their 
operations. 
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Thirdly, the incumbent leader in the study has driven its own digital technology adoption to fulfil 
purposes related to clients’ demands and for strengthening its position as an industry leader. 
Related to the latter, its intended use for digital technology has been mainly based on exploiting 
the technology for optimising current operations. This has allowed the firm to benefit from an 
integration, both horizontally in terms of project size and vertically through increased 
responsibility, although to a less extent than the two digital leaders.  
  
To conclude, the findings and analysis imply that contractors should consider applying a strategic 
and long-term vision for the adoption of digital technology in order to profit and furthermore, 
leverage the gained competences in the purpose of competitive advantage and a sustainable 
business. In this, several factors relating to how the fit and benefit of the technology, the current 
organisation and the context in which it operates need to be taken into consideration to optimise 
these decisions. Here it is clear that specifically within the earth-moving industry project 
characteristics, in terms of size and type, is an important factor affecting the possibilities to adopt 
digital technology. 
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Appendix 
 

Telematics API Standard - Current API 
 

Diagnostics Data: One of the three faults generated on-board the ECM. A diagnostic refers to a 
process within an electronic control module (ECM) of detection, display, and/or storage of abnormal 
asset/engine information. 

Digital Switch Status: Delivers all relevant status information about the power mode and digital 
switch turned on/off on the PLM module. Communicates the particular status information of the 
ECM. 

Engine Parameters: Delivers all the information gathered by the Engine ECM. 

¤ Maximum theoretical Fuel Burned by the asset when under full load 
¤ Idle Fuel consumed when the asset is in neutral and none of the implements is working 
¤ Actual fuel consumption by the asset 
¤ Total number of engine starts 
¤ Total number of engine revolutions 

Engine Start/Stop Time: Delivers a list of engine start and engine stop times for the asset. 

Event Data: Delivers ECM event data to VisionLink. 

Fleet Summary: Delivers a high-level look at the current status of your fleet. 

¤ Current latitude/longitude of the asset 
¤ Address (reverse-geocoded address based on current latitude/longitude; blank if no address 

lookup 
¤ can be made) 
¤ Last location (timestamp of the last time the asset’s location was reported, in UTC) 
¤ Last reported (timestamp of the last time the device reported, in UTC) 
¤ Fuel percent remaining 
¤ Runtime hours 
¤ Lifetime fuel consumed 
¤ Last known status 

Fuel Information: Delivers all the information gathered by the Fuel ECM. 

¤ Actual fuel consumption by the asset 
¤ Percentage level of remaining fuel for an asset 

Geo Fence Alert: Delivers geofence entry and exit, using geofences dispatched to the device. 

SMU Location: Delivers the equipment usage by hours since the PLM module was turned on or was 
last reset in addition to the latitude and longitude of the asset on which the telematics device is mounted 
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