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Abstract 

The construction industry represents the building blocks of society, crucial for 

driving economic growth and long term development (Foulkes & Ruddock, 2007; 

Ofori, 2015). The industry is, however, characterized as being fragmented and 

complex (Dallasega, 2018). Additionally, a productivity decline has been identified, 

directing attention to the importance of digitalization in construction (Agarwal et 

al., 2016). A variety of research can be found regarding digitalization of different 

phases and levels of a construction project. Through dialogue with the Norwegian 

construction contractor Veidekke, the need for further investigation into the 

construction production phase was revealed. Thus, we have identified the research 

question “How does digitalization influence construction production 

processes?”. To answer this question, the various processes digitalized in the 

construction production phase have to be investigated, hence our first sub-question 

“What type of processes in the construction production phase have been 

digitalized?”. Furthermore, to understand the influence of digitalization on the 

identified processes, we have developed our second sub-question “What are the 

perceived benefits and challenges of digitalization of construction production 

processes?”. 

 

Our research is based on a qualitative case study of Veidekke, as we find this to be 

a suitable approach to gain valuable in-depth insight to our research question. The 

case study consists of data collected from two of their large construction projects in 

Oslo, namely Ulven and Frysja, where we have conducted semi-structured 

interviews with project participants. Moreover, we have utilized the process of 

systematic combining, going back and forth between the literature and our 

empirical evidence to develop the findings. To conclude our thesis, we highlight 

that there are a wide variety of perceived benefits and challenges to digitalization 

of construction processes in the production phase. Furthermore, we found that there 

are intermediary benefits that influence the perceived performance and results of 

implemented digitalization. The findings of our research further revealed that 

digitalization efforts have been made at different levels in the production phase, 

shedding light on how the collective digitalization efforts, both out on site and in 

the on-site office, should be considered. Indeed, the efforts of the on-site office were 

found to have an indirect influence on the construction production phase.   
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1. Introduction 

1.1 Background and motivation  

The Architecture, Engineering and Construction industry (hereafter: construction 

industry) represents the building blocks of a society, driving it forward by providing 

infrastructure such as residential buildings, offices, schools, and hospitals. It 

contributes to economic growth, thereby being of high interest and priority for the 

government (Foulkes & Ruddock, 2007). The nature of a construction project is 

highly complex, due to the great number of participating parties with interrelated 

processes, time limits, and a high degree of customization (Dallasega, 2018). The 

topic of productivity is heavily debated in construction literature, often emphasizing 

poor and declining rates (e.g. Aziz & Hafez, 2013; Barbosa et al., 2017). 

Furthermore, project success and performance have been a recurring topic in the 

field of construction for decades, where managers continuously strive to complete 

projects with the most favorable outcomes (Chan & Chan, 2004).  

  

The evolution of today's society is highly influenced by an increasing 

implementation of technology. Digitalization is found to be among the most 

significant drivers transforming the society and business sphere at an ever-

increasing rate (Hagberg et al., 2016; Kuusisto, 2017b). The construction industry 

is no exception, and a trend towards digitalization is found apparent (Renz & Solas, 

2016; Whyte, 2019). According to McKinsey Global Institute’s industry 

digitalization index 2016, however, the construction industry is among the least 

digitalized and is moving at a slow pace. This is a result of the nature of construction 

projects, and how it still heavily relies on manual labor. Furthermore, being a labor-

intensive industry has caused less attention to, and need of, technology compared 

to other sectors. As a result of the low productivity rates and constant performance 

pressure, the industry is nevertheless incentivized to improve their practices by 

focusing on implementation of new technologies (Agarwal et al., 2016). Despite 

the development's slow pace, productivity measurements portray that the industry 

has a great deal of potential (Berlak et al., 2020). Digitalization is not just a phase, 

and several governments around the globe seem to be especially focused towards 

the construction industry in this regard (Blanco et al., 2019).   
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A similar digitalization trend can be seen in Norway, where new technologies are 

increasingly being tested and adopted within construction practices. Examples 

include widely adopted technologies such as Building Information Modelling 

(BIM), but also emerging tools including 3D-printing, Augmented Reality (AR), 

and Virtual Reality (VR) (BI Centre for the Construction Industry, 2019; 

Byggenæringens Landsforening, 2020). The opportunities of the technologies are 

many, likely to shape the future of the industry (BI Centre for the Construction 

Industry, 2019).  

  

When looking into the Norwegian construction industry and the approach to 

digitalization, we got in touch with the largest main contractor in Norway, namely 

Veidekke. After being introduced by our supervisor, discussions with company 

representatives revealed that various processes and digital tools have been 

implemented in several stages and levels within their projects. There seemed to be 

a great interest in digitalization, as the company is continuously looking for ways 

to utilize digitalization to improve their processes. However, through further 

dialogue, a knowledge gap was identified in the construction production phase. 

What became evident, was that digitalization at the construction site is not found to 

receive significant attention. This further seems to coincide with literature, where 

digitalization is discussed and approached at multiple levels and in different phases 

of a construction project  (e.g. Aguiar Costa & Grilo, 2015; Bryde et al., 2013; 

Elghaish et al., 2020; Kunz & Fischer, 2020). When exploring the literature, little 

research was however found focusing on the production itself. With this, a need for 

gaining more knowledge within this phase was revealed, including the perspectives 

of the ones involved as well as the effects of digitalization on production processes.  

 

When discussing practices related to production with Veidekke, it became evident 

that they utilize collaborative planning combined with progress planning known as 

Takt. A natural link can thereby be made to the approach to Lean Construction (LC), 

often seen in connection with digitalization through the concept of Virtual Design 

and Construction (VDC). The utilization of VDC is however not within the scope 

of this thesis, as our focus remains on the digitalization within the construction 

production phase. Nevertheless, Lean methods are found to be widely applied at 

construction sites, crucial for the production phase. Therefore, we find it relevant 
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to address the connection between digitalization and Lean to a certain extent 

throughout our master thesis.  

 

1.2 Research Question  

Due to the limited focus on digitalization in the production phase of a construction 

project, we find it interesting to examine and understand how digitalization 

influences the construction processes on site where the physical work is completed. 

This is a critical phase of a construction project, and through dialogue with 

representatives of Veidekke, we have discovered that this is an area where our study 

can contribute. Therefore, we have developed the following research question:   

 

RQ: How does digitalization influence construction production processes?  

 

When referring to the construction production phase and its processes, we are 

addressing digitalization impacting both construction workers out on site, as well 

as staff and managers in the on-site offices. To answer this question, the various 

processes digitalized in the construction phase have to be investigated. Thereby, we 

have identified the sub-question: 

 

• What type of processes in the construction production phase have been 

digitalized? 

 

However, to understand the influence of digitalization, only identifying the 

processes is not enough. As the production often is associated with manual labor, 

perceived benefits and challenges accompanying the digital change is of the 

essence. By gaining employee perspectives of the positive and negative effects, 

insight into the influence of digitalization on the construction production processes 

can be revealed. Therefore, we have developed a second sub-question: 

 

•  What are the perceived benefits and challenges of digitalization of 

construction production processes? 
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1.3 Empirical setting  

To explore the aforementioned research question, Veidekke provides our empirical 

setting. Veidekke is one of Scandinavia’s largest construction firms and has several 

comprehensive projects around Norway where they perform services related to 

construction work, road maintenance and production of asphalt (Veidekke, n.d.). In 

terms of digitalization Veidekke has various digital processes and tools 

implemented in several stages and levels within their projects. By being a contractor 

with a focus on digitalization, we believe a case study of Veidekke will yield 

valuable insight into the practices and influence of digitalization in the Norwegian 

construction industry. After dialogue with company representatives, we found that 

they have great interest in the impact of the digitalization they have implemented 

and are continuously looking for ways to utilize digitalization to improve their 

processes. Thus, we find that Veidekke provides a well-rounded empirical setting, 

creating a suitable basis for exploring our research question. Our study will mainly 

focus on Veidekke, despite the construction production being heavily dependent on 

subcontractors. We will be looking into two construction projects that have 

implemented various digital processes and tools, further presented in Chapter 4. 

The projects have been chosen for our study in collaboration with our contacts in 

Veidekke, and we believe focusing on two construction projects gives us the 

opportunity of conducting in-depth research within the time limits of a master 

thesis.  

 

1.4 Structure of the thesis  

This master thesis consists of six chapters. Following this introduction, we will 

provide a thorough description of the research methodology applied. Thereafter, 

chapter three provides a narrative literature review, uncovering theories and 

previous research related to our main topics of interest. The results and analysis of 

our empirical findings will be presented in chapter four, followed by a discussion 

and comparison of the findings and the literature in the subsequent chapter. Finally, 

the sixth chapter serves as a conclusion, presenting the resulting practical and 

theoretical implications of our study, as well as some limitations and suggestions 

for future research. 
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2. Research methodology 

This chapter aims to provide a detailed description and justification of the 

methodological choices made to answer our research question. Here, we will look 

at both our approach to literature and the methodology of the study itself. This 

includes the choice of research design and strategy applied to our study, as well as 

specifications of the data collection and the approach to analyze this data. Lastly, 

we will address the quality of our study as well as discuss some limitations related 

to our presented methodology. 

 

2.1 Research design  

A research design is according to Bell et al. (2019) defined as a framework for 

collection and analysis of data. In other words, this is a detailed description of how 

a study will be conducted, and will affect the results and quality of the study. Hence, 

choosing an appropriate research design is of great importance. For the 

investigation of our research question, we found a case study design to be a suitable 

approach, often applied in business research (Baxter & Jack, 2008; Dul & Hak, 

2008). What distinguishes a case study from other designs is “[...] the focus on a 

bounded situation or system, an entity with a purpose and functioning parts” (Bell 

et al., 2019, p. 63). Yin (2014) highlights the “real life context” of such a design, 

implying that a phenomenon is investigated within contextual boundaries without 

any form of manipulation. A case study offers unique flexibility and allows us to 

dig deep into one case to assess the different elements of analysis within the same 

conditions (Bell et al., 2019; Ebneyamini & Sadeghi Moghadam, 2018). Thus, due 

to the exploratory nature of our research question we aim to gain unique insight into 

different aspects of the complex reality in the construction production phase by the 

utilization of a case study design. 

  

When looking to select a case for our empirical study we considered the literature 

on case selection. Stake (1995) distinguishes between three types of case studies, 

namely intrinsic, instrumental, and multiple or collective case studies. Intrinsic case 

studies are suitable when looking to understand the particularities of a situation, 

rather than generic understanding (Stake, 1995). Instrumental case studies are found 

to be “[…] those that focus on using the case as a means of understanding a broader 
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issue or allowing generalizations to be challenged” (Bell et al., 2019, p. 64). 

Multiple or collective case studies are used for understanding a general 

phenomenon, connecting multiple studies. The lines between the different types of 

case studies, however, are often blurred (Stake, 1995). Furthermore, Yin (2014) 

have identified three different types of case studies, namely explanatory, 

exploratory, and descriptive. A descriptive case study aims to describe or define a 

particular phenomenon, an explanatory one aims to explain why a phenomenon 

occurs, while an exploratory case study explores topics and relations not yet clearly 

defined in research (Yin, 2014). As we are looking to use our case as a means to 

understand aspects of the broad impact of digitalization, we perceive our study as 

an instrumental case study. Moreover, the topic in question is how digitalization 

influences construction production processes. This is especially interesting as 

current research seems to have limited focus on the impact digitalization has on the 

physical production phase, hence finding an exploratory case study approach 

applicable. 

 

When looking to select an appropriate case for our study, our supervisor introduced 

us to one of Scandinavia’s largest construction firms, namely Veidekke. The 

company’s focus on, and experience with, implementing digitalization made them 

favorable for our empirical study. Furthermore, through dialogue with company 

representatives, we became aware that knowledge of how digitalization influences 

the production phase seemed to be limited. Indeed, Veidekke seemed eager to 

understand the influence on the actual production processes on site. With this in 

mind, we believe that the case with Veidekke gives us a great opportunity to learn 

and provide valuable insight into an area with little current knowledge.  

 

For our case study, the units of analysis are the construction worksites at Ulven and 

Frysja; two projects with different characteristics. More detailed descriptions of the 

two construction projects will be presented in Chapter 4. We do not consider these 

projects as subcases, but rather as examples related to the empirical setting. They 

provide a complementary approach rather than a comparative one, in pursuit of a 

broader and deeper understanding of digitalization in construction. This can indeed 

be valuable for our research, as the two residential construction projects seem to 

have different approaches to digitalization. The project at Frysja is recognized as 
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the digital flagship in Veidekke. Here, tools such as GateBrain and automated 

containers have been implemented, and we find them in the forefront of testing 

emerging technologies such as AR and VR. The construction workers at Ulven are 

also utilizing several digital tools daily, however the main tool is the mobile 

application Dalux. With this, flow becomes a focus through checklists and 

continuously updated models and drawings. The tool is also in use at Frysja, 

however it is not yet utilized to the same extent. By looking into two construction 

projects with Veidekke as the main contractor, we aim to enrich our analysis and 

gain understanding related to our research question and the broader issue of 

digitalization in the Norwegian construction industry. 

  

2.2 Research strategy 

Research strategy can be defined as “[...] a general orientation to the conduct of 

business research.” (Bell et al., 2019, p. 35). The first step of our research was to 

develop a narrative literature review, which implies a thorough study of existing 

literature. This literature study became the foundation of our further research 

strategy, deciding on the specific research method suited for our case study.  

  

2.2.1 Literature study 

In order to conduct our research project, we were dependent on reviewing existing 

literature within our main fields of interest. This included suitable books, articles, 

reports, previous studies, and relevant conference proceedings, serving to shed light 

on theories and concepts of importance for our research. This was crucial for our 

understanding and provided the basis for development of a conceptual framework 

that further guided our data collection and analysis.  

  

The methodology behind our study of the literature is of high importance as it 

involves making decisions about the limits of our research project, using the 

literature review as means to affirm our credibility in the chosen area (Bell et al., 

2019). To gain an in-depth understanding of relevant theory and 

existing knowledge, we utilized several online platforms accessible in our search 

such as Google Scholar and BI Norwegian Business School’s online library Oria. 

In addition, we consulted several relevant journals, some of which were specific to 
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the construction industry, while others were found to be more general journals 

basing some of the studies on the construction industry. The former includes 

journals such as Construction Management and Economics, while the latter can be 

seen through International Journal of Organization Theory and Behavior, and 

Supply Chain Management: An International Journal. In order to get an extensive 

pool of relevant articles we chose English as our search language and utilized 

several search techniques to gain the most appropriate results. The Boolean 

searching style, including AND or OR in between words, provided us with accuracy 

when needed, while adding a star at the end of a word broadened our searches.  

  

2.2.2 Scientific approach  

When approaching scientific research, the relationship between theory and research 

should be established (Bell et al., 2019). Researchers distinguish between two 

approaches in this regard, namely deductive and inductive. A deductive approach 

seeks to create hypotheses based on existing theory within the field, thereafter, 

testing them in the real world. This contrasts to the inductive approach, seeking to 

contribute to theory through empirical findings of the study (Wilson, 2014). For our 

research project, our aim has been to have an iterative process between theoretical 

analysis and data collection, a method combining the deductive and inductive 

approach (Bell et al., 2019).  

  

 
Figure 1: The systematic combining approach developed by Gadde and Dubois (2002) 
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Systematic combining is an example of an iterative approach we found suitable and 

is often referred to as being abductive. The approach is illustrated in Figure 1, 

portraying a process where “[...] theoretical framework, empirical fieldwork, and 

case analysis evolve simultaneously […]” (Dubois & Gadde, 2002, p. 554). This 

implies that data collected throughout the project directs attention to the theoretical 

analysis and vice versa, enabling a continuous interplay between theory and 

empirical findings. Systematic combining is found to be closer to an inductive 

approach than a deductive one, as it is particularly useful for developing theory 

(Dubois & Gadde, 2002). We found this suitable for our research, as we aimed to 

continuously combine our empirical findings with existing literature. This provided 

us with a thorough understanding of the concepts and opened the possibility of 

exploring theories and concepts not considered at the beginning of the process. Our 

approach to systematic combining throughout our research process is presented in 

Figure 2, inspired by Kovács and Spens (2005), illustrating our journey back and 

forth between the literature and the empirical. 

 

 
Figure 2: Visualization of systematic combining – an iterative approach 

 

2.2.3 Research method 

Bell et al. (2019) makes a distinction between qualitative and quantitative research 

strategies, describing the different methods researchers use to collect and analyze 

data in a research project. Case study research can take both forms, either through 

the emphasis on one of them or through a combination of the two. Qualitative 

research methods embody a focus on written or spoken words and images, often 

captured through for instance interviews and observations. Quantitative research, 

on the other hand, is based on the collection of numeric data, broadly attempting to 

measure social phenomena and the relationships between them. The latter is found 
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to be the dominant business research strategy, however qualitative research has 

become increasingly influential since the 1980s (Bell et al., 2019).  

 

Looking at the nature of our research question, we initially set out to apply a mixed 

method approach, aiming to combine both qualitative and quantitative data to 

investigate the impact of digitalization. However, throughout our data collection 

process, it became evident that our research mainly required deep insights and 

experiences, difficult to capture through quantitative methods such as 

questionnaires. Qualitative research methods, are used by researchers to explore 

areas and factors with limited previous knowledge, assuming that the reality is 

manifold and interrelated (Khan, 2014). It provides in-depth insights, allowing for 

thorough investigation of phenomena found in the real world  (Bell et al., 2019). 

Additionally, there was an apparent time constraint of our research project, as well 

as an ongoing pandemic (COVID-19) further complicating data collection. The 

latter led to the decision to discard the quantitative aspect, as a questionnaire would 

have required physical follow-up at the construction site which was not possible. 

Hence, we found that a full qualitative research method was the most appropriate.  

 

2.3 Data collection  

Data collection is a critical phase of a research project, laying the foundations for 

further analysis. Eisenhardt (1989) argues that case studies tend to combine various 

sources in data collection. This is further emphasized by Yin (2014) identifying six 

sources of evidence to be documents, archival records, interviews, direct 

observation, and participant-observation. Not all six sources apply to all situations, 

however four principles are important in any case study research. These include 

using multiple sources of evidence, maintaining a clear chain of evidence, 

exercising care when using electronic sources of evidence, and creating a database 

containing all gathered evidence (Yin, 2014). Furthermore, a distinction is made 

between primary and secondary data. The former is data collected for the specific 

research problem at hand, while the latter is material gathered for other purposes 

available for reuse  (Bell et al., 2019). An overview of our data collection for this 

study is shown in Table 1. Our approach to the data collection is closely related to 

the method of systematic combining, laying the foundations for an iterative process. 
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Table 1: Overview of data collection 

 

2.3.1 Primary data 

Interviews 

According to Yin (2014), one of the most important sources for gathering evidence 

in case study research is interviews. This is because interviews enable the researcher 

to gain important understanding into human affairs through well informed 

interviewees (Bell et al., 2019; Yin, 2014). This form of data collection is of wide 

use in numerous fields of research, aiming to access experiences as well as inner 

perceptions, attitudes, and feelings of reality (Wildemuth & Zhang, 2016). Fontana 

and Frey (2005) present three distinguished categories of interviews based on the 

degree of structure, namely structured interviews, semi-structured interviews, and 

unstructured interviews. In structured interviews a series of predefined questions 

are asked in the same order to all participants, with little room for variations in 
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responses (Fontana & Frey, 2005). Semi-structured interviews similarly follow a 

predefined interview guide, however they are more flexible, allowing for both 

close- and open-ended questions. The interviewer may also add or change the 

questions throughout the interview based on context and responses (Wildemuth & 

Zhang, 2016). Lastly, unstructured interviews, often referred to as informal 

interviews, provides a format relying on social interaction between the interviewer 

and the interviewee. The focus is centered around a list of topics or issues, and does 

thereby not tend to have any predetermined questions nor answer categories (Bell 

et al., 2019; Wildemuth & Zhang, 2016). 

  

For our primary data collection, we have conducted semi-structured interviews, 

referring to the interview form balancing standardization with flexibility. With this, 

we started by creating an interview guide using the literature as a basis, containing 

mainly open questions allowing for elaboration. Our interview guide can be found 

in Appendix 1. We wanted to keep the form semi-structured, following the interview 

guide to be able to compare and analyze the answers. Moreover, the interview 

format allowed us to follow up on other interesting aspects that appeared beyond 

the interview questions we had prepared. This was of great use and helped us keep 

an open mind to concepts and themes not initially thought of. Furthermore, it 

allowed us to focus on the interviewee’s area of expertise, following up with more 

questions on the topics they seemed particularly informed on.  

  

In qualitative research, purposive sampling is a common way to deal with the 

selection of units such as organizations, departments, or people (Bell et al., 2019). 

This approach revolves around the research questions guiding the sample, sampling 

in a strategic way rather than emphasizing randomness. The samples thereby tend 

to be smaller than what is used in quantitative research, and the point of the data 

collection is not to generalize to a population but rather gain an in-depth 

understanding of a phenomenon (Bell et al., 2019; Dworkin, 2012). When sampling 

participants for our interviews, we applied a purposive sampling method 

emphasizing a non-random selection. This entailed an initial identification of 

relevant categories of people, where our contacts in Veidekke further provided us 

with suitable individuals. The candidates were predominantly employees of 

Veidekke, however some individuals working on the project through subcontractors 
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were also included. With the aim of gaining the most holistic picture, we asked for 

both individuals physically working on site as well as individuals in managing 

positions of the projects. The former seemed crucial in order to capture the actual 

experiences and perceptions of the ones working out in the production. In this 

category, we initially set out to interview a range of construction workers on site. 

This turned out to be a challenge, as restrictions were imposed at the worksites due 

to the pandemic, preventing us from conducting face-to-face interviews on site. 

With construction workers being highly occupied with the physical production, 

spending time and energy on online interviews was not seen as a priority. Thus, to 

capture the perspectives of this group, we ended up interviewing some construction 

workers in more managerial positions such as the team manager or foreman. 

Furthermore, interviewing individuals in managing positions such as project leaders 

and engineers, seemed interesting as it would provide some insights into the overall 

approach and intention of the digitalization at Veidekke. Additionally, this would 

capture the link between the on-site office and the construction site.  

  

Throughout our data collection process, we conducted a total of 10 interviews with 

11 interviewees. We ensured a somewhat even selection of participants from the 

two construction projects, Ulven and Frysja, such that we gathered a reasonable 

amount of information on both projects for our complementary analysis. An 

overview of the interview distribution can be found in Table 2, where 5 of the 

interviewees were associated with Ulven and the remaining 6 interviewees were 

participants at Frysja. Through the aforementioned sampling process, we ended up 

with a range of individuals in different positions. Furthermore, the duration of the 

interviews ranged between 30 - 60 minutes, and were, due to the ongoing pandemic, 

conducted online through the software application Zoom. This implied a 

synchronous online interviewing situation, combining audio with an added face-to-

face interaction through webcam (Bell et al., 2019). The interviews were all held in 

Norwegian, and in line with Norwegian center for research data (NSD) 

requirements, a consent form was required to be signed before the interview. Here, 

the individuals were informed of their rights, such as that participation was 

voluntary and that they could withdraw at any time. The consent also contained the 

acceptance of us using job titles or work background in our thesis if relevant, as 
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well as permission to audio-record. The latter was of great value to ensure that no 

information was lost or forgotten. 

 

 
Table 2: Overview of interview distribution  

 

Demonstrations and attendance 

As a case study is taking place in the real world, there is a great opportunity of 

directly observing the phenomenon in question (Yin, 2014). Thus, participant 

observations, where the researchers immerse themselves into a setting to observe 

interactions and events, can be seen widely applied in qualitative research (Hox & 

Boeije, 2005). Complementing our interviews with observation of the production 

phase was indeed a part of our initial plan for data collection, aiming to gain insight 

into the digitalization of construction production processes. However, as a result of 

the ongoing pandemic, on-site observations were not possible due to strict 

regulatory practice within the construction industry in Norway. In order for us to 

gain an understanding of the digital processes and tools at Veidekke without 

watching it “in-action”, one of the interviewees gladly demonstrated several of the 

systems in use at Frysja. This included Gatebrain, Bimsynch, and live cameras at 
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the construction site, as well as statistics on Health, Safety & Environment (HSE) 

and Quality Assurance (QA). Through the online software application Zoom, the 

employee shared their screen and explained the processes in detail and how digital 

tools were in use. This was highly advantageous as it provided us with visuals and 

details on the practices of digitalization at Frysja.  

  

Throughout our research project, we maintained continuous dialogue with our 

contacts in Veidekke. Meetings were conducted with the representatives of the two 

projects, providing us with background and context when moving forward. 

Discussions of interesting aspects related to digitalization were also made. Due to 

Veidekke having multiple thesis projects at Ulven, a meeting was also conducted 

with our contact and another master student to clarify that our scopes did not 

overlap. In this meeting, we also exchanged experiences and insights, useful for 

each other’s research. Moreover, our knowledge and understanding of the 

construction industry and Veidekke’s approach to Lean were further enhanced 

through attendance at a Lean Construction Norway Webinar, concerning Takt 

planning at the Ulven project. This provided us with an informative introduction to 

the concept and practices at Ulven, useful to bear in mind for our research.  

  

2.3.2 Secondary data  

When referring to secondary data, we consider data that is not collected for the 

purpose of the specific research (Bell et al., 2019). For our research, the information 

summarized in our literature review acted as a secondary source of data. By 

including an extensive literature review of previous studies and theories, the data 

was used when discussing our findings, putting it into perspective. Additionally, we 

utilized company specific information found online and received from our contacts 

at Veidekke. This included information gathered through the company webpage 

(www.veidekke.no), as well as two presentations received, one from the attended 

LC Webinar and one from a lecture held by Veidekke November 3rd, 2020, at BI 

Norwegian Business School. The data presented information regarding the 

company as a whole, as well as specifics of the two construction projects, further 

utilized in Chapter 4 to present the case study in detail. The information enhanced 

our understanding of the industry, the unique projects, as well as general practices 

in Veidekke.  

09983910991728GRA 19703



Page 16 

  

2.4 Data analysis  

Data analysis refers to the stage in a research project where the raw data collected 

is organized, analyzed, and interpreted (Bell et al., 2019). The qualitative data 

collection is typically derived from interviews, participant observation, or 

documents, thus resulting in a large amount of unstructured textual data. There are 

no clear-cut rules to be followed when it comes to qualitative data analysis, however 

it is of utmost importance to reduce and structure the masses of information 

collected (Bell et al., 2019). The data analysis is a crucial part of the systematic 

combining approach, where the empirical evidence retrieved through data analysis 

directs our attention to the theoretical analysis and vice versa (Dubois & Gadde, 

2002).  

  

Due to our main data collection consisting of semi-structured interviews, 

transcribing them was essential as a basis for further data analysis. There are several 

advantages to recording and transcribing interviews, as it for instance helps correct 

the natural limits of our memories and allows for repetition and thorough 

examination of what is said (Bell et al., 2019). Transcription is a time-consuming 

process and may be daunting, as e.g. Bell et. al. (2019) recommends five to six 

hours of transcription per one hour of speech. With this in mind, we decided to 

continuously find the time to transcribe in between interviews, which also served 

beneficial in the sense that the content remained “fresh” in our minds. What is 

important in qualitative research is the fact that it is not only what the participants 

say that has value, but also how it is said (Bell et al., 2019). To capture this aspect, 

we utilized indications such as exclamation points and brackets to capture the mood 

of the conversation. Laughter, pressure on certain words or phrases, as well as long 

pauses are examples of indications captured in the transcripts.  

  

To further analyze the prepared data, we conducted a thematic analysis. This 

framework represents one of the most common approaches to qualitative data 

analysis and can be defined as “[…] a method for identifying, analyzing and 

reporting patterns (themes) within data. It minimally organizes and describes your 

data set in (rich) detail” (Braun & Clarke, 2006, p. 79). This can again be seen in 

relation to systematic combining, as our themes indeed were inspired by our 

literature study, further reviewed and revised as we progressed.  
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The thematic analysis is broken down to six recommended steps to follow 

throughout the data analysis process:  

1. Familiarizing yourself with your data  

2. Generating initial codes  

3. Searching for themes  

4. Reviewing themes  

5. Defining and naming themes  

6. Producing the report     (Braun & Clarke, 2006)  

 

The initial phase of familiarizing ourselves with the data was done through the 

aforementioned transcription process, as well as reading and re-reading the 

transcripts. This helped us become familiarized with the content, serving as the 

basis for the rest of the analysis (Braun & Clarke, 2006). During our transcription 

and re-reading, we also noted down some initial ideas for potential codes and 

aspects that seemed interesting. The transcription further enabled the data collected 

in the interview to be uploaded to a computer software program for analysis, making 

the data more manageable.  

  

This started the second phase of generating initial codes, where we began by color 

coding the answers from the interviews in accordance with its relevance. This was 

done to filter out parts of our transcripts, seemingly off topic for our further 

research. We utilized green to emphasize answers with a high degree of relevance, 

either to the question itself or towards another relevant subject, while red indicated 

little degree of relevance. The latter included general statements and talk about 

topics of little relevance to our research, and thus not found important to analyze 

and address further. After color-coding the transcripts according to relevance, we 

utilized the data refinement program NVivo to further organize the transcribed data, 

creating a range of initial codes related to interesting aspects of the content. The 

initial structure of our codes can be seen in Figure 3. This coding organized the data 

into meaningful groups, providing a foundation for our further data analysis. As our 

research leans more towards “theory-driven” than “data-driven”, the data was coded 

around our identified research question, emphasizing content of relevance (Braun 

& Clarke, 2006).   
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Figure 3: Initial coding structure 

 

The third and fourth phase of the thematic analysis calls for a further refinement 

and broadening of the scope. We started searching for central themes, sorting the 

initial codes identified in the previous step, considering how they could be 

combined into themes and sub-themes (Braun & Clarke, 2006). Consequently, after 

identifying several candidate themes, these were reviewed and further refined. 

Through this process, we identified that some of our themes seemed too broad, 

while some too small, thereby rearranging them accordingly. For instance, we 

found that our category of success factors was indeed a reflection of the challenges, 

and therefore these categories were naturally merged. By the end of this phase, we 

felt like we had a fairly good idea of the different themes, their connections, and the 

overall story of the data collected.  

 

In the fifth phase we proceeded to clearly define and name the themes by looking 

into the essence of the contents of each category identified, such that it was clearly 

portrayed in the name. This resulted in the development of the final coding 

structure, which can be found in Figure 4. Lastly, the final phase of the thematic 

analysis was constructing the final report. In line with Braun and Clarke (2006, p. 

93) we wanted our final report to be able to reflect “[...] a concise, coherent, logical, 

non-repetitive and interesting account of the story the data tell”. Moreover, the 

report should make an argument towards the research question, not only provide a 
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description of the data (Braun & Clarke, 2006). The report on our empirical findings 

and analysis can be found in Chapter 4. 

 

 
Figure 4: Final coding structure 

 

In addition to our coding structure, we have created a table (Table 3) exemplifying 

findings within the central themes identified. The structure of the table follows our 

two sub-questions, firstly providing examples of findings related to digital 

processes, secondly providing examples of identified benefits and challenges. The 

latter is further separated into direct and intermediary benefits, as well as 

organizational, human, and technological challenges. 
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Table 3: Overview of central themes with accompanying examples 
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2.5 Ensuring scientific quality 

An assessment of scientific quality is of high importance in research in order to 

demonstrate credible findings. There is, according to Hannah and Lautsch (2011), 

no clear consensus as to how qualitative research should be conducted in order to 

secure high quality. Yin (2014) for instance refers to the aspects of construct 

validity, internal validity, external validity, internal reliability, and external 

reliability. Additionally, Lincoln and Guba (1985) provides criteria related to 

trustworthiness, namely credibility, confirmability, dependability, and 

transferability. These two approaches to quality can however be seen in parallel, as 

reliability closely relates to dependability, while internal and external validity can 

be seen as credibility and transferability respectively. Thereby, to ensure the best 

possible quality of our research we have chosen to take the four trustworthiness 

criteria of Lincoln and Guba (1985) into account, and will further describe these 

measures in detail.  

 

2.5.1 Credibility  

Establishing credibility is of high importance when conducting a study, as this acts 

as a measure to strengthen the trustworthiness of the findings (Bell et al., 2019). 

Lincoln and Guba (1985) recommend doing this through triangulation. According 

to Patton (1999), triangulation refers to utilizing several methods or data sources in 

qualitative research. This is done with the aim of ensuring a comprehensive 

understanding of the phenomenon, utilized to test validity through the convergence 

of information from several sources (Carter et al., 2014; Patton, 1999). There are 

several types of triangulations explored by Denzin (1978) and Patton (1999), more 

specifically: method triangulation, investigator triangulation, theory triangulation, 

and data source triangulation (Carter et al., 2014). All of these were applied in our 

research to a certain extent.  

 

Method triangulation refers to the use of several methods of collecting data about 

the topic of interest (Carter et al., 2014). Our semi-structured interviews and data 

received from Veidekke were originally supposed to be seen in connection to on-

site observations. This would have ensured credibility through various sources of 

information, however, due to the pandemic, observations were not found to be 

feasible. This was rather substituted with online demonstrations and webinar 
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attendance, aiming to gather information from various methods within the limits of 

what was possible in the challenging situation of COVID-19. Furthermore, 

investigator triangulation was applied, as we were two researchers in the same study 

at all times and in all stages. This is important to provide multiple and various 

observations and perspectives, further validating the final conclusions (Carter et al., 

2014). Theory triangulation, involving various theories to analyze and interpret the 

data, is of use assisting researchers in supporting or refuting findings linked to the 

literature. This was continuously applied through our approach of systematic 

combining. Lastly, data source triangulation is according to Carter et al. (2014, p. 

545) involving “[...] the collection of data from different types of people [...] to gain 

multiple perspectives and validation of data”. By including interviewees both from 

the construction site and from the on-site office, we managed to gain different 

experiences and perspectives on the topics of interest. This was further enhanced 

by including interviewees not only from Veidekke, but also representatives from 

some of their subcontractors.  

 

2.5.2 Confirmability  

The concept of confirmability acknowledges that complete objectivity is 

impossible, but aims to ensure that the researchers are acting in good faith without 

any biases (Bell et al., 2019). This indicates that the researchers should withhold 

any personal opinions or values through the research process, not letting it affect 

the data collection or analysis. Both researchers were present when collecting the 

data, such as during interviews, gaining two individual perspectives and the ability 

to monitor each other. To ensure that the interviews were as unbiased as possible, 

both researchers contributed when creating the interview guide. Furthermore, the 

list of questions was sent to our contacts in Veidekke in advance for them to provide 

input on the content to ensure that our questions were relevant and interesting.  

 

After the completion of the interviews, measures were put in place to prevent biases 

throughout the transcription process. We arranged this by assigning one of us to act 

as the main interviewer, asking the questions during the interview, while the other 

would listen to the interview and later do the transcription. Hence, we would not be 

biased by transcribing interviews we had conducted ourselves. Then, after the 

interview was transcribed the person who conducted the interview would listen 
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through the audio recording while reading the transcript to ensure its accuracy. 

Furthermore, in order to increase the confirmability, all interviews were completed 

and transcribed prior to any findings or discussions taking place (Bell et al., 2019). 

 

2.5.3 Dependability  

According to Bell et al. (2019, p. 365) dependability refers to ensuring that “[…] 

the complete records are kept of all phases of the research process […]”. This 

implies that all methods and findings should be stored and secured in an accessible 

manner for peers to be able to check that the appropriate procedures have been 

followed (Bell et al., 2019). This includes field notes, interview transcripts and 

secondary data analysis, serving as accurate documentation of the research process. 

As our intended data collection involved some personal data, we started out by 

applying to NSD for approval of our research in accordance with the General Data 

Protection Regulation (GDPR) requirements. This process required us to address 

our plan for storing our data, further ensuring safe documentation of personal data. 

All data gathered were thereby stored locally on our password protected computers, 

as cloud-based platforms such as Dropbox or Google Disk were not seen as safe. 

The placement of the information and documentation was known at all times, 

available upon request from the individual interviewees. However, as our data 

included personal data requiring safe storage, the transcripts were not accessible for 

the public, limiting the transparency of our research.  

 

2.5.4 Transferability  

The concept of transferability is important for qualitative research and relates to 

whether findings can be transferred to other companies or settings. This is 

especially important in case studies due to its contextual uniqueness regarding 

conditions such as time, geographical location etc. (Bell et al., 2019). With this, we 

are aware that the transferability of our study is limited as we investigate a single 

case and focus our data collection on a construction company operating in 

Scandinavia specifically. The context of a case study is of the essence, as aspects 

and conditions found to be important in some regions may be seen as less relevant 

in others. An example could be the emphasis on worker involvement in decision 

making and attitudes toward authority, widely varying across the world. For 

instance, Norway is found to be highly consensual and egalitarian (Meyer, 2017). 
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Consequently, our results may not be transferable to other settings or companies 

unless they have similar conditions.  

 

Despite the challenge of transferability in case study research, our research aims to 

provide some key findings that may be useful for further discussion within the field 

of digitalization in the construction industry. Through analysis, interpretation, and 

comparison of empirical findings with theory, analytical generalization can be 

achieved. This refers to contributing to robustness of current theories by providing 

evidence supporting the specific conceptualization (Firestone, 1993). With this, we 

hope to provide transferability to a certain extent, with the acknowledgement that 

our findings are indeed case specific.  

 

2.6 Methodological limitations  

Seeing that we have completed a qualitative study, there are certain limitations 

associated with this research methodology. Firstly, it is argued that qualitative 

research is too subjective, given that researchers often rely on unsystematic views 

about what is significant and important (Bell et al., 2019). It is also argued that 

qualitative studies are difficult to replicate, due to its unstructured nature. As a result 

of this subjectiveness and low replicability, singular case studies have been 

criticized for the difficulty of generalization (Tellis, 1997). In addition, the lack of 

transparency is highlighted as an issue, as it can be unclear for instance how people 

were chosen for interviews, to what extent research participants were selected to 

correspond to a wide range of people, and the process of the data analysis (Bell et 

al., 2019).   

 

It is also important to note that our methodological choices have been limited by 

the capacity and time perspective of a master thesis, thus influencing the scope of 

our research. Thereby, not all aspects of the phenomenon of digitalization in 

construction will be covered, and the primary data collection is restricted to two 

construction sites contracted by Veidekke. However, through the aforementioned 

measures to ensure scientific quality we believe interesting aspects of digitalization 

in the Norwegian construction industry have been revealed, relevant for those 

interested in this field.   
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3. Literature review 
To gain the most complete understanding of our research, we find it important to 

review literature on current practices, challenges, as well as the nature of the 

construction industry itself. Furthermore, digitalization is a term frequently used in 

various settings, calling for a review of general definitions and previous research, 

in addition to more specific insights related to the industry. In this chapter we will 

provide a narrative literature review covering the aforementioned topics to gain 

insight into the state of current research. A conceptual framework will be provided 

at the end of this chapter to illustrate the main findings, serving as an outline further 

useful for our data collection and discussion. 

 

3.1 Characteristics of the construction industry 

The construction industry represents the building blocks of a society, widely 

acknowledged as a crucial sector as it provides infrastructure such as residential 

buildings, offices, schools, and hospitals. Indeed, it contributes to driving economic 

growth and long-term development within a nation, thereby being of high interest 

and priority for the government (Foulkes & Ruddock, 2007; Ofori, 2015). However, 

as the world is changing faster than ever before, the industry is faced with several 

challenges crucial to overcome in order to transform and capture its vast potential 

(Renz & Solas, 2016). 

 

3.1.1 Productivity and performance pressure 

One of the main challenges within the construction industry is the long record of a 

worldwide decline in productivity (Aziz & Hafez, 2013; Barbosa et al., 2017). 

Productivity can be defined as the rate of output received per unit of input, which 

in construction can be measured as the number of actual work hours required to 

perform the appropriate units of work (Hasan et al., 2018). A recent study by 

McKinsey Global Institute (2017) portrays how construction related spending 

accounts for about 13% of the world’s GDP every year, expected to increase further 

in the future. Despite that this portrays construction as one of the largest sectors of 

the world economy, the productivity growth is severely lagging behind other 

industries, facing weak or negative growth in many countries (Barbosa et al., 2017; 

Tran & Tookey, 2011; Zhi et al., 2003). As a result, time delays and cost overruns 
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can become a fact on the account of poor productivity rates, thus calling for a 

comprehensive understanding of what factors cause this negative trend in order to 

seize the opportunity of productivity improvement (Hasan et al., 2018). 

 

The main causes of poor productivity within the industry have not been agreed 

upon. Continuous efforts are made all around the world to identify said causes, 

resulting in the literature portraying a wide range of potential influencing factors 

(Hasan et al., 2018). Some studies argue that the productivity decline roots back to 

the industry dynamics, being generally recognized as opaque and fragmented 

(Barbosa et al., 2017). Minimal standardization due to uniqueness of projects, poor 

communication and cooperation amongst supply chain actors, and a general lack of 

technological adoption and innovation across the industry are a few proposed 

causes (Hasan et al., 2018; Naoum, 2016). Other findings portray operational 

factors at the firm level to be decisive for productivity. Insufficiently skilled and 

experienced labor, poor management and leadership styles, inadequate process 

design, and poor communication structures are brought to our attention (Barbosa et 

al., 2017; Hasan et al., 2018; Naoum, 2016). Furthermore, Hasan et al. (2018) 

identifies a number of factors seemingly common across worldwide studies, 

including “[…] non-availability of materials, inadequate supervision, skill shortage, 

lack of proper tools and equipment and incomplete drawings and specifications” 

(Hasan et al., 2018, p. 916). Research related to construction productivity is 

currently widely explored, but far from conclusive. However, due to the heavy 

weight of the sector on the global economy, it is of common interest to improve the 

productivity level of the construction sector (Hasan et al., 2018). 

  

Despite the emphasis on the poor productivity rates within the industry, a need for 

a massive investment in worldwide infrastructure by 2030 is recognized in order to 

keep up with global growth of GDP (Agarwal et al., 2016). This portrays an 

opportunity for the construction companies to capture the potential of improved 

productivity, thereby increasing overall performance. Project success and 

performance in the field of construction has been a recurring topic for decades, 

where managers have been striving to complete projects with the most favorable 

outcomes. A wide range of research can be found in regard to this topic, revealing 

the performance indicators of time, cost, and quality to be at the core in construction 
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projects (Chan & Chan, 2004). These indicators are recognized as basic criteria to 

project success, referred to by Atkinson (1999) as the “iron triangle”. The time 

criterion addresses the duration for completing the project determined by the client. 

This can further be split up into three categories, namely construction time, speed 

of construction and time variation (Chan & Chan, 2004; Naoum, 1994). Cost refers 

to the important measure taking the estimated budget into account, being the overall 

cost incurred throughout the project. Lastly, measuring quality in construction 

indicates an assessment of the total features required to satisfy a given need. This 

is for instance related to technical specifications, ensuring the standard of the 

construction (Chan & Chan, 2004). 

  

There are, however, several other measures related to performance attracting 

increased attention. Health and safety is an example of an issue that has been raised 

for a long time, measuring to which degree the project is completed without major 

accidents or injuries (Bubshait & Almohawis, 1994). Functionality is another 

indicator, addressing to which degree the finished product fulfils technical 

performance specifications and the intended function (Chan et al., 2002). This 

closely relates to the aspect of quality. Furthermore, in recent years an emphasis has 

also been put on environmental performance due to major environmental impact 

caused by the industry. Thus, application of environmental standards and scoring 

has increasingly been used as indicators to reflect the environmental performance 

(Chan & Chan, 2004). Fewings and Henjewele (2019) also highlight sustainability, 

ethical requirements, and social responsibility and security to be important aspects 

in the project management process. 

 

When looking to improve in terms of performance and productivity, training and 

follow-up is essential. Indeed, organizations must be able to learn, adopt and 

change. Hence, the literature puts emphasis on processes that help companies 

become “learning organizations'', highlighting training and knowledge transfer to 

be of great importance (Martin, 2010). Moreover, follow-up has been identified to 

have great influence on the transfer of knowledge, as well as operations and firm 

performance. Five forms of follow-up have been identified by Martin (2010) to 

complement training. These are: action plans, performance assessment, peer 

meetings, supervisory consultations, and technical support. 
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3.1.2 The fragmented and complex nature of the construction industry  

One of the possible contributions to the aforementioned performance and 

productivity pressure could be the fact that the construction industry is highly 

complex and fragmented by nature (Barbosa et al., 2017). A construction project is 

usually organized in temporary supply chains producing one-off construction 

projects, typically make-to-order (Dallasega, 2018; Vrijhoef & Koskela, 2000). The 

Construction Supply Chain (CSC) commonly includes an internal and external 

supply chain, both of which are converging towards the construction site where the 

object is assembled (Tserng et al., 2005; Vrijhoef & Koskela, 2000). From the 

perspective of a general contractor, being the project-based organization 

responsible for the completion in line with a set time and budget, the internal supply 

chain consists of the main office, on-site offices, and construction site (Tserng et 

al., 2005). The external chain can be understood as the broader organization of 

downstream firms, such as subcontractors and suppliers of materials and 

equipment, in addition to the upstream firms including architects, consultancy firms 

and supervisor firms (Tserng et al., 2005). At the end of the CSC we find the client 

who is awaiting a final product.  

 

The nature of a construction project is further recognized as having a great number 

of participating parties with interrelated processes, time limits, and a high degree of 

customization (Dallasega, 2018). It is argued that the approach to interdependencies 

and interconnectedness between tasks, parts, and units involved, are critical for 

successful coordination. The patterns of interdependencies in construction differ 

from other industrial contexts, as interdependencies here are not sequential but 

rather reciprocal (Bankvall et al., 2010). This implies “[...] a need for continuous 

adjustment of the plans, in order to cope with unforeseen events within the 

individual construction project” (Bankvall et al., 2010, p. 390). With these 

adjustments, all activities found up-stream in the supply chain are consequently 

affected, requiring frequent and direct communication and coordination amongst 

the involved actors (Bankvall et al., 2010).  

 

The construction industry is further characterized by a high degree of 

interorganizational teamwork. As a result of the project-based nature of 

construction projects, different people are needed based on their professional 
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knowledge and experiences. Thus, requiring them to collaborate and coordinate 

with other companies (Fong & Lung, 2007). This is both in terms of the CSC as 

mentioned, but also extended to the construction site, as some of the construction 

work is often carried out by subcontractors. Due to the interorganizational context, 

there is a need for a common understanding and alignment across actors to reach 

the goal. Indeed, communication and interaction across a broad inter-professional 

team is thereby of the essence (Fewings & Henjewele, 2019). 

 

Moreover, a wide variety of legislations, regulations and governance requirements 

are present, ultimately leading to an added complexity in comparison to other 

industries (Fewings & Henjewele, 2019; Renz & Solas, 2016). As government 

legislation is an important factor in order to move things forward, a mass of 

legislation is designed to reduce the potential hazards found at a construction site. 

Legislation regarding accident prevention, management of health, safety and build 

environment, as well as pollution responsibility and less carbon usage are some 

examples found in the industry adding additional strain on the construction work 

sites. With this in mind, construction projects are in high need of documentation 

ensuring the quality and safety of the projects. Furthermore, Fewings and 

Henjewele (2019) highlight the importance of documentation when handing over 

the completed project, to provide information on the safe, efficient, and effective 

use of the building. Gathering documentation can be time consuming, especially if 

not followed up on throughout the life cycle of the project. Thus, digital 

technologies are increasingly being utilized, making this process more efficient 

(Fewings & Henjewele, 2019).  

 

3.2 Digitalization in the construction industry 

According to McKinsey Global Institute’s industry digitalization index 2016, the 

construction industry seems to be amongst the least digitalized (Agarwal et al., 

2016). During the previous decade however, there has been an increased need to 

reduce waste and improve productivity and performance in the construction sector, 

calling for new innovative technologies (Aguiar Costa & Grilo, 2015). 

Demonstrated in a report provided by The Center for Construction at BI Norwegian 

Business School (2019), recent digital technology has begun transforming the 
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construction process. A trend towards digitalization is apparent, crucial for the 

delivery of large projects as information technology (IT) is increasingly utilized 

across all stages of the construction process (Harty & Whyte, 2010). 

 

There are numerous definitions of digitalization flourishing in the literature, without 

common consensus on a single and clear one (Bloomberg, 2018). For the society as 

a whole, several definitions refer to the term as the restructuring of social 

dimensions that follow from integration of digital technologies (e.g. Bloomberg, 

2018; Gebauer et al., 2020; Gray & Rumpe, 2015). Schallmo and Williams (2018) 

further provide a definition capturing central business-related aspects, describing 

digitalization as “[…] fundamental changes made to business operations and 

business models based on newly acquired knowledge gained via value-added 

digitization initiatives.” (Schallmo & Williams, 2018, p. 6). Digitization is 

distinguished from digitalization, referring to transforming information from analog 

to digital forms (Bloomberg, 2018; Schallmo & Williams, 2018). The degree and 

pace of digitalization differs severely across industries, strongly associated with 

regional economic performance (Muro et al., 2017). 

 

Digital construction can be seen as an integrated approach to new technologies, 

aimed at making building safer and more productive (Fewings & Henjewele, 2019). 

A variety of digital technologies are employed in the construction industry, some 

of which have been available for some time while others are currently emerging. 

Virtual Reality (VR), Augmented Reality (AR), Artificial Intelligence (AI), drones 

and 3D-printing are examples of the latter, potentially to be used in industries such 

as construction when further developed. AI technology can substitute various 

repetitive, dangerous, and routine tasks in the construction project, while VR can 

support the design and decision-making process through visualization. AR 

supplements real environments with additional computer-generated materials, 

enabling users to visualize a full building structure during the work on site (Fewings 

& Henjewele, 2019). As these technologies tend to be expensive and are not yet 

fully developed, they are currently not the norm. These are, however, emerging 

technologies that industry professionals have seen and hope to see in future projects 

(Holt et al., 2015).  
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In terms of established technologies, a wide array can be found across different 

phases of a construction project, including Computer Aided Design and Drafting 

(CADD) systems, collaboration platforms, and document management (Aouad et 

al., 1998). Furthermore, the literature within the construction industry focuses 

heavily on the application of Building Information Modeling (BIM) (Agarwal et 

al., 2016; Aguiar Costa & Grilo, 2015; Azhar et al., 2011; Bryde et al., 2013; 

Eastman et al., 2008). This technology has changed the way in which design, 

construction, and facility management is conducted, and depicts physical and 

functional characteristics through the life cycle of a project, for instance through 

accurate geometry and detailed data (Eastman et al., 2008; Fewings & Henjewele, 

2019). A report published by Sage (2016) further portrays how cloud technology is 

taking a hold of the construction industry, providing access to applications and 

software such as BIM models, emails, and drawings from anywhere with an internet 

connection. This allows workers to document, access and share information of 

importance in an easy and efficient manner (Fewings & Henjewele, 2019; Sage, 

2016).  

  

3.2.1 Motivations and potential benefits of digitalization 

There are several motivations for investing in digital technologies and IT in a 

company’s leap towards digital transformation. Cost cutting, increased quality, 

productivity, and revenue growth are potential general benefits sought out in hope 

of gaining a competitive lead (Brynjolfsson, 1993; Muro et al., 2017; Parviainen et 

al., 2017). This can be achieved as digitalization has been found to be a crucial 

enabling factor for providing internal efficiency. Furthermore, it can be a potential 

provider of new opportunities, as the concept utilizes new digital technologies to 

rethink current opportunities (Parviainen et al., 2017). The phenomenon is most 

beneficial when associated routines and processes within the business are altered to 

accommodate the improved efficiency enabled by the digitalization (Kuusisto, 

2017b). The advancement and adoption of digital technology has the ability to 

fundamentally transform businesses by for instance automating work routines, 

serving as infrastructure for information and communication flows, or enriching the 

existing products and services (Legner et al., 2017).  
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There are indeed many claimed benefits resulting from applying digital 

technologies and processes in the construction industry. A study by McKinsey 

(2016) predicts significant efficiency improvements as well as cost reductions by 

adopting digital technologies such as drones, BIM, cloud technologies, and Internet 

of Things (IoT). Contractors and owners are increasingly deploying solutions for 

digital collaboration and field mobility, utilized in for instance scheduling, 

materials management, crew tracking, contract management and document 

management (Agarwal et al., 2016). According to Blanco et al. (2017) digitalization 

in the construction industry has aimed to improve several construction activities on 

site. It is claimed that digital tools have been developed to improve field 

productivity, speed of construction, safety monitoring and quality control (Blanco 

et al., 2017; Parusheva, 2019). Whyte and Lobo (2010) further highlight increased 

accountability and control resulting from digital objects, as well as laying the 

foundations for mutual and reciprocal knowledge sharing.  

 

As a result of the nature of a construction project, many construction technology 

developers focus on creating tools for digital coordination and collaboration (Aouad 

et al., 1998; Blanco et al., 2017). Harty and Whyte (2010) emphasize that the 

information produced within the various domains of a construction project must be 

shared outside the specific areas, highlighting the utilization of IT coordination to 

bridge the division. Due to technology becoming increasingly widespread, cost-

effective and powerful, digital information is seen utilized to a large extent in the 

industry (Whyte, 2019). Digital information is according to Whyte (2019, p. 190) 

“[…] enabling greater sharing, remote access, searching, and updating of 

information with visibility across supply chains and with owners, operators, and 

end users”.  In fact, Whyte (2019) argues that digitalizing information is found to 

transform how projects are delivered, emphasizing the information itself becoming 

the deliverable.  

 

Fewings and Henjewele (2019, p. 385) further highlight that digitalization in the 

construction industry “[…] is a way of widening communication channels and 

integrating the working relationship between various members of the project […]”. 

The various stakeholders hold different data and information, and effective 

communication channels should be developed and accessed by everyone involved. 
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This can in turn create a more transparent and collaborative culture, potentially 

enhancing the construction phase by providing useful and accessible information 

(Fewings & Henjewele, 2019). By implementing digital tools in the inter-

organizational environment, waste and potential errors resulting from re-

interpretation of information can be eradicated through electronic information 

exchange (Harty & Whyte, 2010). Digital communication tools can be used for 

instance when staff need to update blueprints and other project documents while on 

site. The tools allow them to make changes when in the field with the use of mobile 

platforms, rather than returning to the office to complete such tasks. These 

communication platforms increase the availability of information, which reduces 

time spent on acquiring information and also improves accuracy (Blanco et al., 

2017). 

 

3.2.2 Barriers to successful implementation and adoption of digitalization 

Studies show that firms reluctant to “go digital” or combine digitalization with 

organizational readjustments are indeed falling behind (Muro et al., 2017). Despite 

this, new technologies are not always fully embraced (Kuusisto, 2017a). There are 

numerous barriers and pitfalls to successful implementation and adoption of 

digitalization found in the literature, not only delimited to technological issues. As 

accurately portrayed by Harty and Whyte (2010, p. 32), “[…] technological 

solutions are rarely that – solely technological”, as they are incorporated into 

existing ecologies of practices. Kuusisto (2017a) for instance highlights issues such 

as organizational inertia and technological acceptance. The interaction and behavior 

of people in the construction process is thus of high importance, as the technology 

and the digitalized processes cannot function without them. Behavioral inertia, 

referring to the tendency to keep doing something the same way because it is the 

way it always has been done, can make changes difficult to implement (Kuusisto, 

2017a). The accompanying individual working habits further influence 

organizational inertia and must be challenged for new working methods to be 

applied (Polites & Karahanna, 2012). Creating clear objectives as well as 

motivating people to take use of the new technologies is thereby critical (Fewings 

& Henjewele, 2019).  
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Harty and Whyte (2010) highlight that previous studies portray how new ways of 

working, enabled by IT, should supplement and alter the current non-IT practices 

rather than completely replacing them. Technologies have been found to be 

unevenly and differently incorporated into pre-existing practices, where some 

traditional aspects, such as the use of paper, still seem to persist despite attempts of 

removal (Harty & Whyte, 2010). Nevertheless, it is important to make use of the 

technology the right way and develop it incrementally. This must be done for the 

industry culture to evolve in line with the new digital ways of working. Without the 

approach of integrating technology with culture, more bureaucracy can be added to 

the construction industry (Fewings & Henjewele, 2019).  

 

Furthermore, the cost and interoperability of technology can be seen as a major 

barrier to the implementation and adoption of digitalization (Fewings & Henjewele, 

2019). Software compatibility and interoperability is of concern, as information can 

be generated in a range of different formats. This barrier is however argued to be 

lowered with time and training (Fewings & Henjewele, 2019). It has been 

highlighted in literature that investments in Information and Communication 

Technology (ICT) may not necessarily lead to the expected improvements of cost 

or productivity (Brynjolfsson, 1993; Stratopoulos & Dehning, 2000). This refers to 

the Productivity Paradox emerging in the 1980s, questioning the stagnation of 

United States’ productivity growth despite the massive and growing investments 

made in IT (Brynjolfsson, 1993). The shortfall of IT productivity was argued by 

Brynjolfsson to have four possible explanations: measurement error, time lags 

between implementation and resulting payoff, redistribution of activities among 

firms without increasing total output, or the lack of alignment between developers 

and management (Brynjolfsson, 1993). In line with these explanations, 

Brynjolfsson in later works argued that the paradox was resolved after finding 

correlations between firm-level IT investments and productivity (Brynjolfsson & 

Hitt, 1998). However, several studies in the literature still claim the productivity 

paradox to be unresolved, or that it has simply shifted form (Acemoglu et al., 2014; 

Ark, 2016; Hajli et al., 2015; Polák, 2017). Stratopoulos and Dehning (2000) 

conclude that the implementation and management of the technology is more 

important than the size of investment itself. Thus, increased investments in 

technology may be at the expense of productivity.  
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3.2.3 Digitalization and Lean Construction  

As previously portrayed, the digitalization of processes within a construction 

project is increasingly being utilized as an improvement strategy to tackle the 

performance pressure and poor productivity found in the industry. In the extension 

of this, a combination of digitalization and Lean Construction (LC) is receiving 

attention in the literature (Agarwal et al., 2016; Sacks et al., 2010). Virtual Design 

and Construction (VDC) is a newer concept, seeking to cover both the technology 

and the Lean principles, as well as the organization of the two (Alarcon et al., 2013). 

VDC is defined by Kunz and Fischer (2020, p. 355) as “[…] the use of integrated 

multi-disciplinary performance models of design-construction projects to support 

explicit and public business objectives''. Indeed, providing a framework for 

describing, monitoring, and changing the product, process, and organization 

throughout the project life cycle. This allows for identification and analysis of 

potential complexities and pitfalls in a virtual world before it is encountered in the 

real one (Khanzode et al., 2006; Kunz & Fischer, 2020). 

 

Several scholars highlight synergies between VDC and Lean concepts, portraying 

results like elimination of waste, increased customer value, better workflows and 

coordination (Gerber et al., 2010; Gilligan & Kunz, 2007; Kala et al., 2010; 

Khanzode et al., 2006; Rischmoller et al., 2006; Sacks et al., 2010). The idea of 

waste elimination refers to re-evaluating and potentially eliminating activities or 

processes that do not contribute directly or indirectly to customer value. Taiichi 

Ohno (1988) have identified seven sources of waste to be eliminated which can be 

seen in Table 4. By identifying waste in the system, one can pinpoint where work 

needs to be done to become more efficient. 

 

 
Table 4: Ohno’s (1988) seven sources of waste 
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A software technology receiving much attention in relation to VDC is found to be 

BIM (e.g. Gerber et al., 2010; Sacks et al., 2010). Sacks et al. (2010) provides a 

rigorous analysis of the interaction between BIM and Lean concepts. In fact, they 

find that synergies between the two may, if understood properly, lead to an 

improvement of the construction process beyond the sole application of either. BIM 

has the potential to facilitate Lean measures throughout the lifetime of the 

construction project, enhancing coordination and value creation, as well as 

significantly reducing waste (Gerber et al., 2010). The achieved Lean principles by 

the utilization of BIM is however argued to depend on the skills of the ones involved 

in manipulation and execution of the BIM model (Hamdi & Leite, 2012). 

 

By the implementation of digital tools, both the end product and the construction 

process can be clearly visualized, aiding LC in emphasizing continuous flows with 

a pull perspective (Sacks et al., 2010). A particularly practical technique utilized in 

LC presented by Ballard (2000) is known to be the Last Planner System. This is a 

system also referred to as pull scheduling, transforming the work that should be 

done into the work that can be done. The approach emphasizes the importance of 

the planning stages to ensure readiness, creating predictable workflows (Ballard, 

2000; Fewings & Henjewele, 2019). Moreover, Howell (1999) depicts LC as being 

similar to traffic flow where the desired arrival at the destination is dependent on 

the speed of the slowest vehicle in each lane, as well as how smooth the driving 

experience is. This analogy clearly highlights the importance of pre-planning in 

construction, ensuring commitment and smooth flows. This can for instance be seen 

through the utilization of Takt, implemented at various construction sites. Utilizing 

Takt time means transitioning from uneven task durations for each trade in a 

sequence, to a task duration that is consistent for every trade (Frandson et al., 2013). 

This consequently embodies creating a continuous workflow in production, 

reducing variability by following the work pace or rhythm set by demand (Yassine 

et al., 2014).  
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3.3 Summary of literature review  

Throughout our narrative literature review we have identified several interesting 

findings related to the construction industry and digitalization. Despite the size and 

importance of the industry, there are several challenges identified. Poor 

productivity has influenced the industry for a long time, generating a wide variety 

of studies trying to find the root cause. Due to the low productivity, efforts have 

been made to improve and complete projects with favorable outcomes. Thus, 

performance indicators have been utilized to identify areas of improvement and 

monitor the progress. The literature highlights the “iron triangle”, which includes 

time, cost, and quality. In addition, health and safety, as well as environment and 

functionality have been brought to our attention as important performance 

indicators. The productivity and performance pressure can be related to how the 

construction industry is recognized as complex and fragmented, calling for the need 

for integration, especially due to its interorganizational nature. Furthermore, the 

construction sector is argued to be amongst the least integrated of all major 

industries, struggling with coordination resulting from interdependencies and 

interconnectedness.  

 

As a result of the poor productivity rates and a constant performance pressure in the 

industry, we find the topic of digitalization to be of increasing interest. A number 

of digital tools are currently being developed for the construction industry including 

technologies such as AR, VR, drones and 3D-printing. Moreover, there is an 

uprising in the construction sector of the use of digital modeling tools such as BIM, 

as well as cloud technology allowing for use of mobile devices on the construction 

worksite. The utilization of such digital technologies can potentially provide several 

benefits, including improved visualization, information flow, and efficiency. 

Additionally, digitalization in the construction industry is claimed to widen 

communication channels, which can create a more transparent and collaborative 

culture. However, the literature highlights several barriers and pitfalls to 

digitalization in the construction industry. This can be seen through for instance 

organizational inertia, technological competence and acceptance, as well as low 

interoperability of technologies. The construction literature has also increasingly 

explored digitalization in relation to Lean through concepts such as VDC, 
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portraying results like elimination of waste, increased customer value, better 

workflows and coordination.  

 

 
Figure 5: Conceptual framework 

 

As a result of our literature review, we have created a conceptual framework useful 

for our further research. The framework is depicted in Figure 5, and will serve as a 

guide when gathering data, as well as help us gain insight related to our findings. 

The framework includes challenges of the construction industry and portrays that 

digitalization of construction processes and implementation of digital tools possibly 

can have a central role in overcoming these challenges. The model depicts that 

digitalization can potentially lead to several benefits, however, there are barriers 

and pitfalls to consider for successful implementation and adoption. Moreover, 

digitalization can influence productivity and performance, illustrated through the 

identified performance indicators.   
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4. Empirical findings and analysis 

The consecutive chapter presents the empirical findings from our research 

combined with an analysis of the data. The main aim of this thesis is to investigate 

how digitalization influences the construction production phase, by identifying its 

digitalized processes and considering its perceived benefits and challenges. When 

further referring to the construction site, we refer to both out on site, involving the 

construction workers, and in the office barracks, involving staff and managers. By 

combining these two aspects, we aim to gain a holistic picture of how digitalization 

influences the production phase.  

 

We began our analysis with coding and collating findings for the construction sites 

individually. However, the findings from our qualitative data collection will further 

be presented and analyzed across the two projects in relevant categories identified 

in the data analysis process and informed by the theoretical study. The first section 

in this chapter will present the details of our case study, while the second section 

will focus on the digital processes identified within the two construction projects. 

Furthermore, the third section will address the perceived benefits of digitalization, 

followed by the fourth section taking into account the findings related to perceived 

challenges of digitalization. Lastly, we will conclude this chapter with a summary 

of our empirical findings and analysis. 

  

4.1 Presentation of case study  

The findings of our thesis are highly dependent on the context in which the data is 

collected. Our case study of Veidekke, with their two projects at Ulven and Frysja, 

enables us to gain insight within the context of the Norwegian construction industry. 

Veidekke is in fact the largest contractor in Norway and fourth largest in 

Scandinavia, involved in a variety of different construction projects within four 

main categories: residential buildings, non-residential buildings, civil engineering 

operations, and industrial. The category of residential buildings makes up 24% of 

their operations and is the category that includes the projects of our case study. 

Furthermore, Veidekke, being part of an industry increasingly influenced by 

digitalization, seems to have a clear priority of staying competitive by utilizing 

digital technologies in their construction projects. The degree to which the various 
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projects seek out, experiment with, and implement digital processes and tools is 

varying, some further ahead than others.  

The first project investigated in our case study is the residential project at Ulven, 

owned and requested by the largest housing developer in Norway, OBOS. A joint 

venture, Team Veidekke DA, has been created to take on this project, where 

Veidekke is the main contractor collaborating with several experienced consultants, 

contractors, and architects. The project was won through an innovation competition 

in 2017, where Team Veidekke DA offered the most intriguing and cost-efficient 

solution. The Ulven project is of great size, where the end product will consist of 

nearly 3 000 apartments as well as an underground parking garage (Veidekke, 

2020a). This requires many stages and contributions from various contractors in 

addition to Veidekke. The construction started in 2018, and Veidekke has been 

involved in the first construction phase containing 372 apartments. Currently they 

are continuing with the second step (B2) consisting of 182 apartments (Veidekke, 

2020a). In relation to digitalization, representatives at Ulven express that the project 

is not known for being especially digitalized. However, Ulven represents a typical 

residential project, and is interesting due to strict cost constraints brought by the 

innovation competition. Moreover, the Ulven project has committed to being a 

paperless construction site and uses a handful of standardized tools in the barracks 

and out at the site. These include Dalux, Microsoft Project and Microsoft Excel.  

 

Frysjaparken is the second project included in our case and is another typical 

residential project, owned and requested by Stor-Oslo Eiendom and OBOS Nye 

Hjem. The construction started in 2018 and the Frysja project as a whole is due to 

be completed in 2022 (Veidekke, 2020b). The project consists of apartment 

complexes and accompanying infrastructure. The first step of 154 apartments is 

completed, while the 227 apartments of the second step are expected to be move-

in-ready in the second half of 2021. A third step of 305 apartments is agreed upon, 

and can currently be found in the design phase, eventually moving on to 

construction (Veidekke, 2020b). The project at Frysja can further be seen as 

Veidekke’s digital flagship, where emerging technologies are piloted and 

developed. This includes for instance automated containers with sensor technology, 

drones, and AR technology.   
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Looking at the projects in scope we find that Frysja and Ulven complement each 

other, as the two projects portray various degrees of digitalization, representing 

different ambitions and constraints. This makes it interesting to investigate both 

projects in conjunction, providing different experiences, perceptions, and attitudes 

toward digitalization. Furthermore, the notion of LC, seen through collaborative 

planning and Takt planning, is found to be of importance in the production phase 

of both construction projects, emphasizing smooth workflows through participative 

progress planning and close monitoring throughout the construction process. With 

this in mind, a natural link can be found between digitalization and Lean, as both 

can be seen as crucial for success. Our further analysis will therefore be seen in 

connection with LC to a certain extent. 

  

4.2 Digitalized construction production processes  

A general comment appearing in several of the interviews, was the 

acknowledgement that the construction industry is known to lag behind in the area 

of digitalization compared to other industries. This is however rapidly evolving, 

and it was pointed out by one of the interviewees that technology has become “[…] 

one of the most important things to even stay afloat in a competition driven market” 

(Interviewee #4). Indeed, this was reflected by some central processes being 

digitalized, as well as a wide range of digital tools being introduced. The Frysja 

project experiments with several intriguing technologies, such as 360-degree 

cameras, AR and VR. These are digital tools that are in the development stages at 

the managerial level of the project, potentially becoming influential in the future of 

construction. As explained by one of the employees at Frysja, an overall focus in 

the project is to continuously test out new technologies to find the ones with real 

effect. The on-site construction, however, seems mostly unaffected by such 

emerging technologies as they are still being tested and not yet implemented in the 

physical construction work.  

 

What seemed to be a consensus amongst the interviewees across the two projects 

was the notion that no digitalization should be done merely for the sake of 

digitalization. As stated by one of the interviewees, “[...] to digitalize just for the 

sake of digitalizing, if you cannot see that it makes everyday life easier, that is no 
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benefit in and of itself” (Interviewee #7). Indeed, several of the interviewees 

emphasized that the focus of the construction worker is, and should remain, the 

actual construction work. The final product in a construction project is in fact 

dependent on physical construction, and there are thus several tasks at the 

construction site that simply cannot be transformed into digital processes. 

Arguments were made that the implementation of digitalized processes and digital 

tools at the construction site should rather be a supplement for the workers. 

 

Throughout our research, we were introduced to a range of digitalized processes 

and accompanying tools at the two construction projects Ulven and Frysja. Figure 

6 depicts the digital processes recognized in the construction production phase, 

namely progress planning and monitoring, logistics, as well as HSE and QA. 

Furthermore, the figure includes some of the most relevant digital tools utilized 

within these processes. An extensive list of all the digital tools identified in the two 

projects can be found in Appendix 2. 

 
Figure 6: Digitalized processes in the construction production phase 

 

4.2.1 Progress planning and monitoring  

Many of the digitalized tools identified were found in the progress planning and 

monitoring process. This process is found at the on-site office and is primarily 

involving management. The progress planning at Frysja can be seen through for 

instance the digital software program Bimsynch, which combines an extensive 

overview of tasks with models, providing a BIM-tool to keep track of the progress. 

Moreover, the progress of the production is monitored and assessed weekly at the 
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office. PowerBI is used to capture and monitor extensive statistics of several aspects 

of the project, including statistics capturing HSE and QA deviations as well as 

progress statistics. Furthermore, the project utilizes cameras around the 

construction site to monitor the progress, continuously updated every 10 minutes. 

Discussions are made on this basis, as to the status of the project and potential 

correcting measures to make.  

 

An important part of progress planning and monitoring at Ulven, is following an 

overall schedule that has a set pace that the different trades are to follow. This is 

referred to as Takt planning and is a result of their approach to LC in production, 

striving for a smooth and continuous workflow. Such progress planning is 

developed in software systems such as Microsoft Project, often further visualized 

in Microsoft Excel. When asked if digitalization had affected their LC efforts such 

as Takt planning, one interviewee responded, “No, I don’t think I would say so. I 

think it would be relatively the same if you did Takt more paper-based… No, I don’t 

think it has that much to say really.” (Interviewee #7). In fact, the majority of the 

interviewees did not seem to identify a conscious connection between digitalization 

and LC. 

 

An important step of the progress monitoring within Takt was emphasized by 

interviewees to be the handover of zones between trades, serving as an update on 

the production progress and the prospect of maintaining the overall schedule. An 

interviewee explained that handovers at the Ulven project had been digitalized by 

introducing the application Dalux for this. However, the interviewee further 

explained that “[…] I don’t think it was used much because there was no one who… 

everyone thought it became too much really, out there [at the construction site]” 

(Interviewee #11). Thus, it can seem that this particular digitalization effort was 

perceived as excessive and complicating. However, interviewees of managerial 

positions praised such digital handovers, due to how it contributes to documentation 

and visibility.  

 

What is evident is that the digitalization of progress planning and monitoring may 

at first glance seem irrelevant for the construction workers. However, this seems to 

actually indirectly influence the construction production processes on site. The 
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extensive statistics monitoring at Frysja exemplified how the digital tools at the 

office were used to control the progress at the site, thus influencing the daily work 

of the construction workers. Furthermore, the aforementioned digitalized handover 

enables managers in the office to keep track of progress, potentially initiating 

correcting measures in case of deviations from the overall schedule. 

 

4.2.2 Logistics 

Through our data collection, we found that the logistics process had been somewhat 

digitalized and seemed to be affecting both the construction workers out on site and 

the employees at the site office. The automated gate system, Gatebrain at Frysja, 

was explained by interviewees to provide a smooth logistics system where time 

slots for deliveries to the construction site are booked and thus coordinated, both 

impacting the construction on site and the overview at the field office. Here, the 

suppliers have the possibility to see when others have booked time slots for delivery 

digitally, thereby adjusting accordingly to avoid waiting upon arrival. According to 

several of the interviewees, this system leads to less queues of deliveries on sites, 

bettering the overall logistics. Furthermore, smooth logistics processes were 

enhanced by utilizing automated containers. These containers automatically send a 

request for emptying when sensors register that the container is full. Interviewees 

explained that this ensured efficient logistics, removing the need for manually 

checking the containers several times a day. This concept has been developed at 

Frysja and is currently being improved for standardized use in Veidekke.  

 

4.2.3 Quality Assurance and Health, Safety & Environment  

An important process that we found to be digitalized in both construction projects, 

was the reporting and documentation of deviations within QA and HSE. Looking 

at the construction site itself, the digital tool in this regard, emphasized by 

interviewees from both projects, was the software application Dalux. In terms of 

HSE, Dalux is used on both Frysja and Ulven to register deviations and safety 

hazards to the application, and send them to the management at the site, who then 

directs the task to someone qualified.  

 

Furthermore, the application provides digital tasks and checklists for QA, where 

workers can check off and document the work they have done. Additionally, at 
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Ulven the use of digital project drawings and detail drawings in Dalux has in fact 

allowed them to become a “[...] not drawing-free, but paperless work site” 

(Interviewee #1). At Frysja, Dalux has not yet been utilized for drawings, however 

the drawings can be found in the cloud-based platform SharePoint. Moreover, BIM-

kiosks can be found at the construction site, enabling the workers to look at the 

models and drawings on a large scale. Although, as pointed out by an interviewee 

at Frysja, these are seldom in use. 

 

An additional digital initiative emphasized by interviewees at Frysja, is big screens 

amplifying the importance of reporting deviations within HSE and QA. These 

screens are found in the barracks at the construction site and depicts the daily status 

of deviations for the respective trades at the site. The purpose of this initiative is to 

motivate the workers to swiftly address such deviations, while simultaneously 

providing an overview of the overall status. 

  

4.3 Perceived benefits of digitalization in construction production processes 

Our empirical findings portray that digital processes and tools in the construction 

phase of a project indeed result in both direct and intermediary benefits as depicted 

in Figure 7. Direct benefits can be seen through traditional performance measures, 

namely time, quality, and safety. However, throughout our data collection process, 

it became evident that there were several intermediary benefits affecting the direct 

benefits as a result of digitalization as well. These include visualization, control, 

information flow, and communication, which is further seen to affect the time 

aspect, the quality, and the safety of the project.  
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Figure 7: Overview of perceived benefits 

 

4.3.1 Direct benefits 

Several of the employees highlighted that a time-saving effect could be seen in 

relation to digitalization. At Ulven, interviewees explain that the digital tool Dalux, 

with continuously updated drawings, prevents the need for physically obtaining 

drawings. This indicates a link to LC and the seven sources of waste presented by 

Taiichi Ohno (1988), where digital drawings can reduce unnecessary motion. 

Several of the interviewees emphasized how they previously had to walk great 

distances to retrieve the latest audit from the office, whereas they now could simply 

open an application on a mobile device. As explained by one of the interviewees, 

 

[…] we are very dependent on having updated drawings, so you will never 

have to stop to wait and see if this is the newest audit of the drawings for 

instance, because you always have it. So, then he [a construction worker] 

doesn’t have to call me, so that I have to walk to the office and pick up the 

newest audit of the drawings, or if he needs a detail […] he can go right in 

[the application] and look instead of me having to find it and maybe walk 

half a mile. (Interviewee #11)  

  

According to several of the interviewees, the continuously updated drawings also 

seem to lead to less construction errors. This directly relates to another source of 

waste, namely defects. The detailed information easily available in the application 

causes more precise construction and less need of rework, in turn minimizing 
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unnecessary time spent. The application also provides a rich level of detail all in 

one place compared to physical drawings, where specific details are separate to the 

main drawings. In addition, as mentioned above, the assurance of working with the 

newest audits reduces the chance of building incorrectly. Thus, saving time and 

improving the flow on site.  

 

Furthermore, by utilizing Dalux, arguments have also been made that less time is 

now spent on writing, delivering, and following up on HSE and QA deviations. 

With Dalux in extensive use at Ulven, including task management and checklists, 

the workers find that they save time.  

 

[...] it has been a very nice effect to be able to go straight into the lists and 

check where it is, and just send out the points. Because then we can share 

the points to the workers that are going to do them, so in that regard we 

save time by not having to show them [...] we can just call them and say, “I 

have sent you a point you have to complete” or “now you have 20 points in 

Dalux”. (Interviewee #11) 

 

Similarly, the application’s checklist reduces the time spent on trying to remember, 

as the application provides an accurate and detailed overview.  

  

The time-saving effect was also mentioned in relation to several other digitalization 

efforts implemented at Frysja. It became evident that the introduction of Gatebrain 

removed a lot of waiting at the construction site, as the deliveries were now 

scheduled in relation to each other. Waiting is a third source of waste, where for 

instance the limitation of space at the construction site could cause trucks to block 

other areas, impacting the progress. In addition, the automated containers removed 

unnecessary time spent on administrative tasks and improved the flow on the site. 

Indeed, by ordering emptying of the containers the moment they were full, they 

prevented buildup of waste on the work site.  

 

Furthermore, progress planning and monitoring also portrays a great means to 

actually reduce waiting along the building process. The even pace initially set by 
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the utilization of Takt planning, is indeed beneficial for all the groups at the 

construction site to hinder delays and thus waiting. 

  

In addition to the time-saving aspect, the digitalization further appears to have a 

positive effect on quality. As previously mentioned, less construction errors occur 

as a result of drawings and models being available digitally, and the drawings the 

construction workers utilize in their daily work is continuously updated with 

intricate details. This was accurately described by an interviewee at Ulven saying,  

 

When you have paper drawings a new audit can come out and remain here 

in the office for three days before it gets out. Now we know that when a new 

audit comes out, everyone has the newest version immediately. (Interviewee 

#11)  

 

Furthermore, documenting deviations, completed tasks and experiences are found 

to be easier and more accessible with the use of digital tools, further enhancing the 

quality. This was mentioned both at the construction site at Ulven through the use 

of Dalux, but also a highlighted benefit by using Bimsynch at Frysja. In the latter 

example, the interviewee emphasized that the BIM-system enables comments and 

documentation to be pinpointed to specific areas of the model, which in turn 

provides useful historical data, transferring experience to production. 

 

Another recurring theme in our interviews was the impact of digitalization on 

safety. Dalux and the digital processes of HSE and QA reporting was an example 

mentioned by several of our participants being significantly improved through 

digitalization. Arguments were made that digitalization enables a quicker process 

where deviations are easier to report by the construction workers, and easier to see 

and act upon by the ones responsible.  

 

We might have lowered the barrier for reporting deviations with Dalux in 

comparison to the green paper notes [...] where you delivered it, but then no 

one was able to understand your handwriting and it ended in the garbage 

anyway. (Interviewee #1) 
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This illustrates how digitalized processes can enhance the safety measures on site. 

With a digital grading system of the criticality of the deviation, the construction 

workers are also given a higher level of influence on their safety, as it is easier to 

involve the Headquarters if the deviation is assessed to the highest level.  

  

At Frysja, the close monitoring of HSE and QA statistics, together with the big 

screens portraying the status of the different measures, seemed to have a positive 

influence on the safety on site. One interviewee claimed that,  

 

[...] you get it up on the table, portray it and show that we [the office] have 

a continuous focus on improving the HSE on the project. I believe it is very 

useful to show that we have a focus on it. It makes it so that the ones outside 

[at the construction site] have a focus on it. (Interviewee #5)  

 

Thus, the clear visualization provides an incentive for the construction workers to 

improve and not stand out in a negative manner, thereby improving the safety. 

Another digitalization effort at Frysja that received attention in relation to safety 

was the automated gate system, ensuring a closed work site “[...] so there is less 

risk of children or passers-by entering the construction site”. (Interviewee #3) 

 

4.3.2 Intermediary benefits  

Related to the direct benefits identified through our data collection, we found 

several intermediary benefits enabled by digitalization that seemed to influence the 

performance indicators. Throughout our interviews, several of the participants 

highlighted that digitalization had created a visualizing effect. A number of 

examples were made, both connected to the field office and out at the construction 

site. At Ulven, Dalux clearly visualizes the detailed drawings and models, as well 

as tasks that need to be done. Visualization was also emphasized as a positive factor 

in the progress planning and monitoring at both Ulven and Frysja, where statistics, 

Excel sheets, and systems such as Microsoft Project, visualizes the status and 

progress of the project. Portraying statistics of HSE and QA deviations on big 

screens at Frysja also clearly visualizes how the project is doing within these areas.  
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Visualization acts as an intermediate factor, seemingly influencing upon quality, 

time, and safety. By having a continuous visualization of detailed information on 

the progress and HSE and QA status, correcting measures can be made faster and 

more accurately. In addition, the visualization of the HSE and QA statistics seem 

to impact the priority of the construction workers to address the issues, as the big 

screens clearly portray how your trade is doing compared to the other trades. Thus, 

the visualization seemed to affect the safety at the construction site.  

 

Control has also been identified as one of the benefits of digitalization, in which 

examples were made both from the workers at the construction site and from the 

on-site office. In the office at Frysja, the statistics enhance control and progress 

monitoring of the project, enabling close follow-up of the construction process. One 

of the interviewees monitoring the progress made an example related to the statistics 

capturing potential staffing shortages of the groups on site, saying that “[...] then 

we can talk to them [subcontractors] about “okay, what can we do for you to gain 

a more predictable staffing or enough staffing to do the assigned tasks?”” 

(Interviewee #10). Hence, it is argued to create a great and accurate overview of the 

project status, as well as being utilized to generate targeted measures to improve 

the production when needed. In terms of the construction work on site, it is evident 

that Dalux creates an overview for the individual worker of both tasks to be done 

and deviations to be addressed. This comes in addition to the worker always being 

in control of the precise construction work, made available by continuously updated 

drawings. Furthermore, the gate system at Frysja enables the employees to have 

control over the vehicles on site at all times.  

 

Information flow was described as an intermediary benefit, as there was a general 

agreement between interviewees at the two projects that the digital tools seemed to 

enrich the information flow in several ways. The digital drawings found at Ulven 

provide updated information in rich detail, everything easily available through a 

mobile device. In the same sense, information on tasks to be done as well as 

specifics on reported HSE and QA deviations are easily found. The accuracy of the 

information received is also emphasized as a benefit, as explained by one of the 

employees handling deviations, “[...] I receive information exactly the way it was 

perceived at the place the deviation was observed, and I can handle it the way it 

09983910991728GRA 19703



Page 52 

  

was meant to” (Interviewee #4). Furthermore, an interviewee from Frysja 

emphasized that the extensive monitoring and portrayal of statistics enriches the 

information by making it much more available for all to see, putting information at 

display while at the same time gathering useful historical information.  

  

The improved aspect of information flow seems to be influencing several 

performance measures through digitalization. The richness and availability of the 

information can be seen as influential to both the time aspect as well as the quality. 

Rich, detailed drawings in the pocket of the construction worker may reduce the 

time spent on retrieving updated versions and lead to less construction related 

errors. 

 

Another intermediary factor is recognized to be communication, as for instance 

Dalux creates an easy communication channel between the field office and the work 

site.  

[...] It is very nice as a means of communication and makes it very easy to 

… both for the ones outside [at the construction site] to come in contact with 

us [at the on-site office] and the other way around. (Interviewee #5)  

 

At Frysja, the additional focus on statistics also seemed to better the communication 

by enabling the office to use statistics as evidence when addressing progress or 

challenges with the workers out on site. Furthermore, the digital process of 

reporting HSE and QA deviations through the application at both construction sites 

seemed to be lowering the barrier for communicating issues of importance. 

Employees at Ulven pointed out that their use of digital drawings and tasks further 

reduced the need for excess communication in terms of clarifying information 

related to this.  

  

With this in mind, digital tools and processes indicate enhanced communication by 

making it clear and efficient. This can further impact the time perspective by 

reducing the need for clarifications as well as speeding up manual processes such 

as HSE and QA reporting. Furthermore, there is a possibility to enhance safety and 

quality due to the lowered barrier for communication, as well as clear and precise 

communication. 
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4.4 Perceived challenges arising from digitalizing construction production 

processes 

In addition to the presented benefits enabled by the digitalization, a range of 

challenges were also identified through the data collection process. These 

challenges can be categorized into three main areas, namely human, organizational, 

and technological factors.  

 

4.4.1 Human factors 

The empirical findings portray challenges related to human factors to be one of the 

main issues hindering the success of the digitalization of the construction processes 

on site. Attitudes of the workers seemed to be one of the issues in this regard. A 

reoccurring statement that we heard during the interviews, was the notion that the 

construction workers are there to build, and not to do administrative tasks through 

digital tools. Thus, spending time learning new tools as well as following up on 

digital aspects such as notifications were often not prioritized.  

  

Generally, the interviewees portrayed that there was initial skepticism when 

beginning to implement the digital tools, as utilizing digital applications for 

instance required the use of personal devices and mobile data plans. Furthermore, 

the workers were skeptical of the need for zooming in and out when viewing 

drawings, losing the overall perspective. As one of the interviewees put it,  

 

I know there are many that have missed the paper drawings. [...] the 

feedback I have received is that they find it [digital drawings] to be a good 

supplement to the drawings, but it is not yet a fully functional substitute 

(Interviewee #11) 

 

 At Ulven however, other interviewees emphasized that the majority seem to find 

these challenges to be only of initial character, where these functionalities have 

evolved into something they now would not want to go without.  

  

Furthermore, the lowered barrier of creating deviations and sending them to other 

workers seemed to create a competitive environment of sorts, where one 

interviewee highlights experiences with misuse of the technology as a result of 
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internal rivalry. “[...] I have experienced people using it because they find 

themselves getting many deviations, thus becoming annoyed, thinking like “okay, 

but then I will send deviations back” […]” (Interviewee #4). 

  

A construction project is known for being highly complex, containing numerous 

groups of professions, nationalities, competences, and attitudes, enclosed in the 

project for various durations of time. One challenge seemed to be workers 

misunderstanding the use of the digital tools, for instance by categorizing tasks in 

the wrong places in the application, or simply being taught differently. Furthermore, 

due to the variety of nationalities, a severe language barrier was identified, as 

numerous workers neither speak Norwegian nor English, making them unable to 

utilize some of the applications.  

  

Not prioritizing the follow-up of the digital processes is another issue related to the 

human aspect, as the digital processes are dependent on certain tasks and reports to 

be assessed and closed by the employees. Not following up on the tasks in the 

system certainly leads to frustration and time spent on waiting for responses. 

Sometimes, as emphasized by one of the interviewees, when tasks are not addressed 

within a decent time frame, they may even be “lost” in the system.  

  

A digital divide was also identified, referring to the various digital backgrounds 

among people found at a construction site. The construction workers are indeed 

more practical than digital, thus having a varying knowledge level of handling 

digital tools. A number of the interviewees also stated that they observed a distinct 

difference in competence and hesitation towards digital tools and processes 

dependent on age, where the older employees seemed to be struggling more. When 

referring to the process of implementing new digital tools one interviewee said,  

 

For some it has been more difficult than others. It is often connected to age. 

Those who are a bit older, there you find more resistance than with those 

who are younger really. [...] and the older ones use more time to understand 

how it works and where you find things. (Interviewee #11) 
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4.4.2 Organizational factors 

Lack of instructions and follow-up from the main contractor on how to use the 

technology seemed to be a general issue, causing different usages across the work 

site. This was also due to the varying degree of experience with the technology 

amongst the subcontractors, as some of them have existing partnerships with some 

of the digital tools and are thereby more accustomed to the tools and less in need of 

training. Furthermore, groups only working on the project for a short period of time 

seem to have the greatest challenge adapting to the digitalization efforts on site, and 

the least amount of training. In addition, for some people it is not enough to have 

tasks in an application, needing more attention and follow-up.  

 

The interviewees explained that they constantly have to plot in various information 

and documentation in the application, indicating that digitalization can have a 

formalizing effect. One interviewee at Frysja even argued that “I don’t think it 

benefits them [the construction workers] that much really. If they write a checklist 

on paper and deliver it, or they plot it into a phone does not matter I think.” 

(Interviewee #9). The interviewee further explained that matters at the construction 

site usually benefit from being solved on site through dialogue rather than digital 

tools. However, it was also noted that “Everything is supposed to be notified in a 

way, so you may have to write something about it later in some program anyway” 

(Interviewee #9). At the same time, one of the interviewees at Ulven explained that 

“[…] the last 10 years a lot has happened in terms of digitalization, but also a lot 

has happened in terms of demands for documentation in the construction industry” 

(Interviewee #7). Thus, arguing that if you had to do everything on paper that you 

need to do digitally today, it would be considerably more work than it was before 

due to stricter regulations and documentation demands.  

 

Some interviewees also identified several aspects of the processes related to 

digitalization that could still be enhanced. A prominent example mentioned by 

many of the interviewees was the issue of the levels and hierarchies in the 

application of Dalux not being appropriate. This leads to daily waiting, as 

information in the system had to go through more people than necessary. This was 

especially prominent at Frysja, where both the workers at the construction site and 

the ones at the office acknowledged how this seemed to be causing problems for 
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the process as a whole. In line with the Lean philosophy of removing all steps that 

do not add any value, this could be a way to improve. In relation to the hierarchies 

and processes of the technology, another source of waste was identified to be the 

waiting that occurred when people did not follow up on information in the digital 

systems. This is another potential improvement area to be discussed, as it relates to 

organizational routines and priorities.  

 

4.4.3 Technological factors 

The technology itself was highlighted as a challenge at the construction site, 

hindering the intended effect of the digitalization. Some digital tools are mandatory 

through contracts in Veidekke, however, an argument was made that the 

standardized set-up of the applications do not always cover all needs for unique 

projects. For instance, the system set-up of Dalux was indeed a cause of much 

frustration, both at Frysja and Ulven. At Frysja, one of the subcontractor’s 

explained, “If I write a point, then I send it to someone in Veidekke, who then sends 

it to another one in Veidekke, who then sends it to the relevant workers, right. It 

takes way too long” (Interviewee #9). Moreover, arguments were made that it 

should be possible within the application to send directly to the person responsible. 

At Ulven, this did not seem to be an issue, as anyone could freely send tasks and 

reports to others within the system. However, the lack of notifications when tasks 

were completed caused uncertainty and confusion as to whether tasks were in fact 

completed. One of the interviewees explained that,  

 

[...] we are so many workers on the project that we are struggling with, to 

make the usage as easy as possible, the person who put in the task does not 

necessarily get a notification saying, “now it is done”. (Interviewee #7)  

 

Another negative side of the digitalization is that not all necessary features are 

matched with the current technology. For instance, not being able to write notes or 

draw on the digital drawings seemed to be a disadvantage compared to the 

traditional physical drawings. 

  

Another hindrance identified by the interviewees was the fact that the technology 

demands internet connection. This portrayed a challenge for the on-site construction 
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at Frysja, as the workers lost connection when for instance working in concrete 

cellars. Furthermore, exchanging paper drawings in favor of digital ones has its 

challenges as the technology is not suited for all types of weather, and the mobile 

devices are fragile. As one interviewee explained, “When we have been working 

outside during the winter or when it rains, we have had to leave the tablet in one 

place and go back and forth to check. So, it has been a real problem” (Interviewee 

#11). Additionally, regarding the statistics utilized at Frysja, one of the interviewees 

argued that the technology creates certain limits potentially excluding important 

aspects of the total picture. Thus, the statistics may provide an incomplete 

representation of reality.  

 

4.5 Summary of findings and analysis 

In summary, our empirical findings and analysis portray various interesting insights 

related to the digitalization of construction production processes. Several digital 

processes have been identified both at the on-site office and out in the production, 

including progress monitoring, logistics, as well as HSE and QA reporting. 

Furthermore, interviewees have identified perceived benefits and challenges, 

potentially influencing the digital processes. The highlighted benefits of 

digitalization can be separated into direct and intermediary benefits, where the 

direct ones refer to time, quality and safety, and the intermediary ones are identified 

to be visualization, control, information flow, and communication. In addition, key 

challenges recognized by the interviewees can be categorized into three, namely 

human, organizational, and technological factors. These benefits and challenges are 

interesting to further discuss in order to answer our main research question 

regarding how digitalization influences construction production processes.  

 

Throughout our data collection process, several of the interviewees have also 

expressed thoughts on why digital tools and processes currently function properly 

and why they do not. Thus, indicating that there are certain conditions and 

prerequisites of importance for successful implementation and adoption. Language 

barriers, digital competence, technological hierarchies, and culture are some of the 

topics mentioned. Thus, the specific effects of digitalization, including the 

conditions and prerequisite of importance, may be interesting to investigate further. 
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This could include linking the empirical findings to for instance theories addressing 

technological adoption and organizational structure or culture when implementing 

digital tools. Such conditions for successful implementation and adoption of 

technology are however a large and extensive field of research, not within the scope 

of this master thesis. Our focus remains on uncovering practices and perceptions of 

digitalization implemented in the construction production phase.  
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5. Discussion 

We have developed the following model (Figure 8), which will form the further 

basis for the discussion in this chapter. This figure portrays the findings resulting 

from our research, aiming to answer the research question of how digitalization 

influences construction production processes.  

 

 
Figure 8: Revised conceptual framework 

 

We have revised our conceptual framework from Chapter 3, and the figure depicts 

the core of our study. In the center of the framework, we see the identified 

construction production processes that have been digitalized. Surrounding these, we 

find three factors that influence and is influenced by said processes. These represent 

potential challenges related to technological, organizational, and human factors. 

Furthermore, we find that digitalized construction production processes can result 

in direct and intermediary benefits, where the intermediary benefits influence the 

direct ones.  

 

Based on our insights retrieved from the previous chapter, this chapter will provide 

a discussion of our empirical findings in relation to prior research and knowledge 

explored through the literature review. This section will be centered around our two 

identified sub-questions, discussing the key insights from our study.  
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5.1 What type of processes in the construction production phase have been 

digitalized? 

A discussion of our first sub-question regarding what processes have been 

digitalized within the construction production phase, is essential for answering our 

overall research question. In our literature study, we found that digitalization is 

increasingly shaping the world, transforming the society and business sphere as we 

know it (Hagberg et al., 2016; Kuusisto, 2017b). The construction industry is no 

exception, however it is seen to be among the least digitalized, moving at a slow 

pace (Agarwal et al., 2016). This was confirmed through our data collection, where 

interviewees highlighted the low degree of implemented digital processes in 

comparison to other sectors. Despite this seemingly slow pace of technological 

implementation, recent years have seen rapid advancements and adoptions of 

technologies to increase productivity and thus profit margins. At one of the 

construction sites investigated, we found interest in and development of 

technologies such as automatic containers, AR, VR, and drones. This confirmed 

digitalization’s increased presence and newfound importance highlighted in the 

literature by for instance Holt et al. (2015) . The intriguing new technologies are 

indeed anticipated to be of importance for the construction project as a whole in the 

future. However, the development and testing of such technologies were found to 

be done at a managerial level in the project, not significantly influencing the 

construction production phase yet. The fact that the construction production seems 

mostly unaffected by such emerging technologies motivates our discussion on what 

processes have been digitalized in the construction production phase. 

 

Our empirical findings show that the main digitalization effort is found at the on-

site office of a construction project. This coincides with the wide range of 

construction literature focusing on digital tools and processes found at managerial 

levels, such as through progress monitoring systems or multidimensional BIM-

technology (e.g. Bryde et al., 2013; Fosu et al., 2015). What is interesting, however, 

is that we find that the digitalization implemented at the office, which at first glance 

may seem irrelevant for the construction workers, is in fact indirectly influencing 

the daily construction work on site. A prominent example in this regard is the 

digitalized processes related to progress planning and monitoring, enabling an 

accurate overview of the project progress at the on-site office. In Veidekke, this can 
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be seen through the Lean work method known as Takt, striving for an even pace 

and continuous workflow. The process of progress planning and monitoring does 

not directly influence construction production, however through analysis and 

monitoring of project progress, correcting measures can be made to improve the 

production when needed. Thus, certain aspects of the digitalization found at the 

field office is in fact guiding and indirectly influencing the construction production 

processes on site. The enhanced control resulting from digital progress monitoring 

at the on-site office will be discussed later in greater detail.  

 

In the extension of this insight, our findings reveal that the lack of digitalization at 

the construction site itself in fact seems to be intended, as it was emphasized by the 

interviewees that there is no need to digitalize just for the sake of digitalization. As 

the main focus of the construction worker should be the physical construction work, 

any digitalization effort implemented out on site should benefit the construction 

workers. Thus, any decision on whether to digitalize or not should be based on the 

intended digitalization’s link to the tasks of the construction workers and to which 

extent it adds value. For example, our findings show that the process of registering 

QA and HSE deviations, as well as on-site logistics, have been digitalized. These 

digitalized processes are found to significantly add value, either directly by 

eliminating tedious administrative tasks or indirectly through improved 

documentation and knowledge transfer. This is supported by the literature, where 

Schallmo and Williams (2018) emphasize that digitalization initiatives should 

indeed be value adding for a firm to succeed in implementing changes to the 

business operations. Lean literature regarding waste such as Ohno (1988), focuses 

on the removal of non-value adding activities, which further supports the claim that 

digitalization efforts should only be made when it adds value to the process.  

 

However, as the nature of a construction project is highly dependent on manual 

labor, certain processes and tasks at the construction site simply cannot be fully 

digitalized. This refers to for instance more or less obvious processes including 

physical construction. Furthermore, we have also found that even though some 

processes have the ability to become digital, it may not add any value to the 

construction production process. For instance, certain features important to the 

construction workers might not be accurately captured through the technology, 
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questioning the need for the specific digitalization. Our findings highlighted issues 

related to the ability to draw on the digital construction drawings, as well as 

difficulties related to weather conditions and the need for zooming in and out due 

to the screen’s size. Such issues can potentially explain why Harty and Whyte 

(2010) find that certain traditional aspects, such as the use of paper, still seem to 

persist despite attempts of removal.  

 

Nevertheless, our findings show that skepticism amongst the workers tends to be of 

initial character, which can be overcome and transformed into great success as the 

workers see the benefit of the digitalized process. This is of great importance, as 

the digitalization effort should be related to improving everyday life on the 

construction site. The digitalization should thus serve to benefit current tasks and 

processes in daily work on site. However, our findings show that this is a fine 

balance. The digitalized processes at the construction site can indeed make the 

everyday life of the construction worker easier, for instance seen through the 

deviation registration system in Dalux. Our findings show that not too much time 

should be spent on learning various digital systems, nor should construction 

workers need to spend much time on administrative tasks as a result of 

digitalization. The latter is claimed by interviewees to cause frustration amongst the 

employees, as the digital tools seem to have a formalizing effect, requiring the 

workers to plot in various information and documentation in the application. This 

can potentially be explained by Fewings and Henjewele (2019), stating that 

additional bureaucracy can be added as a result of not integrating technology and 

culture. Thus, the culture should develop in line with the new digital ways of 

working, setting clear objectives while motivating the employees to utilize the 

technology the right way.  

 

What appears to be evident is that the information and documentation apparent with 

digitalization, which does not seem to directly influence construction processes, is 

of utmost importance for Veidekke as a whole. As pointed out by one of the 

interviewees, whether the construction workers write their lists and points in an 

application or on a sheet of paper does not matter for them, however it makes a 

considerable difference for the ones receiving the information. This indicates that 

the ones at the office can easily make use of the data and information in a much 
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more efficient and time saving manner, which further can benefit the project as a 

whole, for instance through faster handling of deviations on site. Indeed, our 

findings are reflected in the literature, where Whyte (2019) also emphasized the 

value of information. Here it is argued that digitalizing information is transforming 

how projects are delivered, and that information itself is becoming the deliverable 

(Whyte, 2019). Moreover, our findings show that the demand for information and 

documentation throughout the construction process is also a result of what we see 

in literature with increasing compliance requirements, as the industry is facing 

increasing legislation, regulations as well as governance requirements (Fewings & 

Henjewele, 2019). An example relates to the construction industry being a highly 

regulated industry in relation to HSE due to the many potential hazards found on 

site. This demands documentation and close follow up, thus making this specific 

aspect of digitalization of great importance.  

 

In addition, documentation and traceability is essential in a construction project, 

serving as a record of what has happened throughout the project. This helps ensure 

consent and expectations amongst participating parties, serving as evidence in 

potential disputes that may arise. Fewings and Henjewele (2019) also point out that 

documentation is important when handing over the completed project, providing 

information on the safe, efficient, and effective use of the building. With these 

aspects in mind, the somewhat formalizing effect digitalization on site brings is in 

fact benefiting the project as a whole, whereas the same processes without the 

digital tools would have been much more cumbersome. 

 

5.2 What are the perceived benefits and challenges of digitalization of 

construction production processes?  

To gain insight into our research question regarding the influence of digitalization 

on construction production processes, we developed the sub-question addressing 

the benefits and challenges of said digitalization. Through our empirical analysis 

we have identified that digitalization in the production phase indeed has a positive 

influence on performance and productivity. This is in line with claims found in the 

literature of digitalization aiming to improve field productivity, speed of 

construction, safety monitoring and quality control (Blanco et al., 2017; Parusheva, 
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2019). As identified in our conceptual framework (Figure 5), performance and 

productivity can be visualized through direct benefits portrayed as performance 

indicators. However, our study has revealed some intermediary benefits that we 

find potentially influences the performance indicators as portrayed in Figure 8. We 

will therefore discuss such performance indicators through the scope of the 

identified intermediary benefits that can be achieved through digitalization.  

  

As a basis for our discussion, we have identified three main direct benefits from our 

case that have been influenced by digitalization, namely time, quality, and safety. 

As presented by Chan and Chan (2004), a wide range of research reveals time, cost, 

and quality to be the basic criteria to project success in construction. Time and 

quality have been continuously highlighted throughout our data collection, seen as 

direct benefits of digitalization on project performance. Moreover, the LC literature 

also claims to influence the quality and time aspects, through for instance increased 

efficiency in operations and reduced defects (Hu et al., 2015; Melton, 2005). 

However, we found that we do not have sufficient data to be able to make an 

assessment on the cost factor, thus, excluding this from our discussion. 

Additionally, we found the aspect of safety to be of great importance within the 

construction sector in general, and further highlighted by both our study and the 

literature (Chan & Chan, 2004). Health and safety are amongst the measures found 

to receive increasing attention in the literature and has according to Bubshait and 

Almohawis (1994) been an issue raised for a long time due to major hazards found 

at a construction site. We thereby find it meaningful to investigate digitalization's 

influence on safety in addition to the traditional factors of quality and time. Thus, 

further extending empirical research in relation to relevant performance indicators.   

 

5.2.1 The influence of intermediary benefits and accompanying challenges  

In addition to the direct benefits identified, we found that there are several 

intermediary benefits that have an impact on the performance measures. We found 

these intermediaries to be visualization, information flow, communication, and 

control. Thus, we shall discuss each of these in greater detail in order to understand 

how they influence construction production processes through the aforementioned 

performance indicators. 
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Visualization  

The first intermediary benefit seen to influence the direct benefits, is the increased 

level of visualization that is achieved through digitalization at the construction site. 

Visualization was found to be an important factor, leading to improved 

understanding and overview of the construction project. The visualization in mind 

is two-fold, firstly visualizing the construction process through 3D models and 

digital progress systems. Visualizing the project through sophisticated BIM-models 

contributes to the workers’ understanding and ability to envision the final product 

and how to get there. This in turn may lower the chances of construction errors, as 

it is easier to detect potential challenges that might occur, further impacting the 

quality on site. Similarly at the office, the digital tools for progress planning and 

monitoring creates a beneficial visualization of the project status. This further 

seems to have an impact on the time aspect of the project, providing an accurate 

picture of what has been done and where the focus should lie in order to complete 

the construction process without severe time lags. This can be seen in connection 

to Sacks et al. (2010), claiming that by implementing digital tools, both the end 

product and the construction process can be clearly visualized, aiding LC in 

emphasizing continuous flows with a pull perspective. Thus, with the great 

overview the visualization brings, a continuous flow can be achieved, further seen 

as beneficial for the project as a whole.  

 

Secondly, visualizing progress and tasks through statistics on monitors around the 

construction site were argued to influence certain performance indicators. 

Displaying statistics around the worksite regarding the number of deviations that 

are unresolved within a team, was found to create incentives to address these issues 

sooner rather than later, as the teams did not wish to stand out in a negative manner. 

With this in mind, we see that the visualization of the unresolved tasks has a positive 

influence on the quality and safety of the project. There are, however, some 

disadvantages to the statistics displays that were brought to light throughout our 

study. Firstly, there is a potential for rivalry to arise between teams. Because the 

deviations displayed are reported by workers on the site, the interviewees shared 

experiences with workers targeting other trades with deviations to avenge them 

registering unreasonably many deviations to their trade. This can be seen in 

connection with literature, as a challenge to digitalization is indeed the existing 
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ecologies of practice where the interaction and behavior of people involved is of 

high importance to the success of IT (Harty & Whyte, 2010; Kuusisto, 2017a).  

Secondly, the statistics that are displayed only show a partial picture of the whole 

progress and state of the construction site, potentially excluding important aspects. 

This is a common challenge when interpreting statistics of any kind. Thus, the lack 

of crucial context may lead to wrong decisions or assumptions being made, 

potentially reflecting negatively on the performance outcomes. Nonetheless, our 

research revealed that experiences were mostly positive, and that the general effect 

of the statistics was eagerness to work harder for better results. Furthermore, this 

can be connected to the culture of the work site. As long as the culture is inclusive 

and uniting, the internal rivalry and exposure does not negatively impact the 

atmosphere on site.  

 

Control  

Another intermediary factor related to visualization is the aspect of control. We 

identified that some of the same digital measures that provide visualization at the 

construction site also can contribute to better control. Our findings portray that 

digitalization enables an accurate overview of the project progress and hence results 

in better control. This is done through monitoring the project and analyzing on-site 

statistics, enabling the generation of accurate correcting measures to improve the 

production when needed. Even though this particular aspect does not directly relate 

to the physical construction on site, it can be argued to indirectly influence the 

production process. This can for instance be through the aforementioned correcting 

measures made at the office as a result of the monitoring technologies, influencing 

the time and flow of the actual construction on site.  

 

Furthermore, the aspect of control can be seen in connection to LC literature, as 

emphasis on Takt and progress planning is closely linked to the principle of creating 

a continuous workflow in production, and reducing variability (Yassine et al., 

2014). The connection between LC and digitalization was investigated in our data 

collection, however, the interviewees did not seem to perceive a clear connection 

between the topics. The literature clearly suggests that there is a connection between 

the two, where synergies are highlighted by for instance Khanzode et al. (2006), 

Gilligan and Kunz (2007) and Sacks et al. (2010). This contradicts our empirical 

09983910991728GRA 19703



Page 67 

  

data, where the connection does not seem to be of high importance or value. 

Nevertheless, despite interviewees claiming little direct connection between 

digitalization and LC efforts on site, indirect connections could be seen in other 

sections of the interview. Links to LC were found when interviewees explained 

benefits of progress planning, such as increased control and improved flow in the 

production phase. Hence, this indicates that there can be a perceived connection 

between digitalization and LC, even if it is not made consciously.  

 

In addition to the enhanced control found at the office, the digitalization also 

facilitates the construction worker to be more in control in their everyday work on 

site. By having easily accessible hand-held devices containing individual tasks, 

deviations to address, as well as continuously updated digital drawings, the workers 

are in constant control of the precise work to be done. This control is further an 

important factor influencing the quality, safety, and time aspect of a project. Being 

in control of which deviations that need to be addressed may for instance cause the 

employees to address them quicker, thereby increasing safety and quality. 

Furthermore, as previous deviation reports were handled through green paper notes, 

easily lost or misplaced, the digital system of reporting HSE deviations is indeed 

bettering the safety aspect. In addition, by increasing the individual worker’s 

control of everyday work, less time can potentially be spent on wondering what to 

do. What is important however, is still that the focus of the construction worker 

remains on the actual construction. The potentially increased control of the worker 

depicts how digitalization can supplement the everyday work, but as seen through 

the examples, this solely addresses a minor part of the work on site.  

 

Information flow  

Another intermediary benefit identified through our empirical analysis, positively 

influencing the performance indicators, was found to be the factor of information 

flow. Due to a construction project containing numerous interrelated parties, there 

is no doubt that the quality of information is of great importance.  

 

One of our main findings in this regard relates to the enhanced accuracy of the 

information conveyed in the construction production process. The digital systems 

enable the information to be captured and forwarded to the right person in the exact 
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moment it is perceived or thought of by the employee, capturing the content in a 

factual and efficient manner. The possibility of including pictures and pinpoint the 

exact location in the application is further enriching the accuracy of the information. 

The literature similarly highlights that a benefit from implementing electronic 

information exchange is the reduction of waste and potential errors resulting from 

re-interpreting information (Harty & Whyte, 2010). With this in mind, information 

functions as an intermediary factor, influencing upon safety as HSE deviations are 

conveyed and understood the exact way it was supposed to. Similarly, the accurate 

information will benefit the quality of the project, as well as reducing time spent on 

for instance figuring out the location of the deviation needing to be addressed.  

 

Another important aspect of the digitalization in this regard is indeed its ability to 

gather a large amount of detailed data, all in one place. Through the use of hand-

held devices, the information is always available at easy access. The richness and 

availability of the information can indeed be seen as influential to both the time 

aspect as well as the quality. Rich, detailed drawings in the pocket of the 

construction worker reduces the time spent on retrieving updated versions and leads 

to less construction related errors. This is in line with what we found in the 

literature, where Blanco et al. (2017) claim that communication platforms increase 

the availability of information, which reduces time spent on acquiring information 

and also improves accuracy. Thus, with rich, accurate and available information, 

the waste of rework and time on hand can be eliminated, improving the workflows 

in the construction process. On the other hand, Liu and Chua (2016) emphasize that 

the LC success of the digital information flows is dependent on the commitment 

and involvement of all entities. Hamdi and Leite (2012) also points to the individual 

skills of the ones involved in manipulating the technology as crucial for the 

achieved Lean benefits. Information as an intermediary benefit of digitalization 

should thereby not be taken for granted, as the people involved are crucial for the 

success.  

 

Communication  

Closely linked to the aspect of information comes another intermediary factor 

interesting to discuss, which is the way digitalization seems to influence 

communication in the construction production process. An important point we have 
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found through our research is how digital processes and tools enhance 

communication by making it clear and efficient. For instance, through the use of 

Dalux a communication channel is created between the office and the construction 

site, enabling the workers to easily and accurately communicate for instance 

deviations observed on site. With this, information is conveyed in an exact manner 

which in turn impacts the time perspective by reducing the need for clarifications. 

Enhanced communication can also serve as timesaving through speeding up manual 

processes such as HSE and QA reporting. The precise and efficient way of 

communicating thus enhances the safety and quality of the construction project, 

through addressing deviations sooner, as well as potentially avoiding major 

misunderstandings. However, there is a challenge to these benefits, recognized in 

the literature as well as through our study, regarding the nature of the construction 

industry. Not only is a construction project highly fragmented, but as a result of the 

project-based nature, different people are needed based on their professional 

knowledge and experiences (Fong & Lung, 2007). Therefore, it also consists of a 

large share of foreign workers with various nationalities. According to insight 

retrieved from our data collection some of the foreign workers may not speak 

Norwegian nor English. Hence, they are not able to use the systems, causing more 

coordination and work for their colleagues. A prerequisite for the aforementioned 

beneficial communication platforms is thereby that everyone is able to utilize the 

digital tool for it to function optimally as a communication platform. 

 

Another interesting aspect we discovered through our research, is that the means of 

communication differed amongst the two sites. This was due to the structure and 

access limitations in the application being set up differently. Fewings and 

Henjewele (2019) claim that effective communication channels should be created 

and accessed by everyone in the project. This implies the need for a platform that 

allows for communication between all parties involved in the project. This worked 

to a certain extent on one of the sites, as Dalux served partially as a communication 

channel between various actors at the construction site. This was exemplified 

through the possibility to send action points to address on site across different 

trades, thus making the communication process more efficient and direct. This has 

in turn reduced the need for walking long distances, looking for the right person to 

fix something. On the other construction site, however, one of the main challenges 
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was the hierarchical set-up in Dalux. They did not have the same possibility of 

sending deviations across trades on the work site, instead all communication was 

gathered and redirected through employees at the office. This led to extensive routes 

that the information had to travel and caused waiting and frustration.  

 

In the extension of the technology set-up not being appropriate, frustration also 

emerged from the lack of individuals within the system following up on the 

communication and information received. Such challenges could potentially be a 

result of poor routines in the follow-up phase or simply arising from individuals not 

perceiving it as a priority. With this, unnecessary time is spent on waiting for a 

response, potentially not receiving any at all, as tasks or reports may be “lost” in 

the system. Such behavior can be seen in relation to research on behavioral inertia 

by Kuusisto (2017a), describing the tendency to keep doing something the same 

way because it is the way it always has been done, making changes difficult to 

implement. In turn this can challenge the final outcome of the construction project, 

potentially leading to time-lags, quality deficits or safety breaches. It is clear that in 

order for digitalization to supplement the construction work properly, the 

technology and everyone involved have to coincide with the appropriate level of 

hierarchy and commonly understood routines and prioritization. Moreover, creating 

clear objectives as well as motivating people to make use of new technologies is 

critical (Fewings & Henjewele, 2019). 

 

The aforementioned hierarchical barriers can result in the workers choosing not to 

utilize the digital tools because of its inefficiency, and rather seek to solve problems 

“the old way” by seeking out the responsible actors on the work site by foot, or by 

calling. In fact, it seemed like some construction workers still prefer communication 

at the construction site to happen spontaneously and through actually talking to each 

other. Furthermore, this indicates that, even though digital tools have the ability to 

fully function as communication platforms around the whole construction site, it 

may not be a necessity. This relates back to our previous discussion on how 

digitalization should supplement rather than substitute, which also is brought 

forward by Harty and Whyte (2010). They state that previous studies emphasize 

how new ways of working enabled by IT, should supplement the current non-IT 

practices rather than completely replacing them.  
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Despite the benefits brought by enhanced information and communication through 

digitalization, the increased utilization of technology as information and 

communication platforms are also introducing other challenges. As we spoke to a 

few of the subcontractors working on the two projects, it became evident that 

previous experience with the specific technology was indeed impacting the 

utilization and the perceived benefits of the tools in the construction process. Thus, 

varying knowledge and experience with the digital tools found at site seemed to be 

a hindrance, causing different usages across the work site. Furthermore, our 

findings show that there is a clear division in understanding and use of digital tools 

related to age. Interviewees claimed that the older employees had a longer learning 

curve and more initial skepticism to new tools, often as a result of little digital 

engagement in their private lives. However, it can be reasonable to believe that 

naturally with time, the older segment of the construction workers will be phased 

out. Indeed, most of the workforce are already accustomed to learning to use digital 

tools.  

 

Through our analysis of the empirical data, we found that learning to utilize digital 

tools is not only dependent on each individual’s technological competence, but also 

the training and demonstration offered by the employer. Our findings identified a 

need for clear instructions, training, and follow-up on the use of the systems from 

the main contractor. This coincides with Martin (2010), highlighting training and 

knowledge transfer to be of great importance, requiring close follow-up for optimal 

results. This can be of particular importance in the construction process, as it is 

characterized by a high degree of interorganizational teamwork, requiring close 

collaboration and coordination amongst various professions (Fong & Lung, 2007). 

The varying technological competence and acceptance makes it challenging to 

decide on the correct amount of training and instructions, especially when creating 

a standardized training module. Furthermore, there is a plethora of additional 

information the construction workers must familiarize themselves with before 

working at a new site regarding for instance safety. Consequently, this could lead 

to digital tools not being prioritized. Hence, the workers that are involved with a 

project for a short period of time, seem to have the highest barrier for adopting the 

new technology.  

09983910991728GRA 19703



Page 72 

  

 

Other findings revealed that some of the project's subcontractors were already 

familiar with some of the more complex digital tools. Indeed, one subcontractor had 

for instance initiated a partnership with Dalux prior to collaborating with Veidekke, 

while others had experiences with the tools due to several other big contractor firms 

using them as well. This seemed to give a clear advantage, causing less challenges 

at the construction site. This is closely aligned with Love et al. (2004), suggesting 

that the interorganizational environment could benefit from creating cooperative 

relationships, such as alliances or partnerships, to increase learning and build 

mutual trust. Thus, standardized tools that can be utilized and customized for 

individual contractors seems to have a clear positive impact by reducing time spent 

learning and understanding new tools.  

 

5.3 Summary of discussion  

To answer our research question regarding how digitalization influences 

construction production processes, we have created a figure (Figure 8) depicting 

the insight gained through our study.  

 

In this chapter we have discussed that despite the large efforts to test and research 

emerging technologies for construction sites, the current production is not heavily 

influenced by digitalization. As of today, we have found that most of the 

digitalization efforts are at the on-site office, rather than out on site. This is in line 

with existing literature, where for instance progress monitoring and BIM are in 

focus. Thus, our research contributes to extending the scope by mapping digitalized 

processes in the construction production phase.  We find that the current processes 

that have been digitalized include progress planning and monitoring, logistics, and 

QA and HSE deviation reports. Furthermore, the notion of the construction 

worker’s focus remaining on construction work has been repeated in our data 

collection, providing insight as to why digitalization is currently utilized to a lesser 

extent by construction workers. However, through our findings we have seen that 

there are indirect influences from the digitalization efforts made in the construction 

site offices, positively affecting the construction production processes. This is in 

line with existing literature, highlighting digitalization efforts to benefit the 

construction process as a whole. 
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To further understand the influence of digitalization on production processes, we 

have discussed potential benefits and challenges. Through investigating how 

digitalization influences various performance indicators on site, we argue that there 

are intermediary benefits that impact traditional performance indicators through 

digitalization. This is seen to extend the traditional performance measure literature, 

where we have identified visualization, control, information flow and 

communication to influence measures such as quality, time and safety. Through 

digital processes and by utilizing digital tools, various benefits have thereby been 

identified through these factors. However, we have also discussed several 

challenges further serving as a negative influence on performance. Ultimately, the 

influence of digitalization on performance indicators highly depends on addressing 

and overcoming challenges within organizational, technological, and human 

factors.  
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6. Conclusion 

This chapter serves to provide an overall conclusion of our study with 

accompanying implications related to our research question. Both theoretical and 

practical implications will be presented, followed by the limitations of our study as 

well as recommendations for future research. 

 

6.1 Theoretical implications 

The overall objective of this research has been to investigate how digitalization 

influences the construction production phase, including identification of digitalized 

processes as well as perceived benefits and challenges. This has been done through 

a complementary case study of two construction projects at Veidekke, namely 

Ulven and Frysja, providing us with in-depth insights into the influence of 

digitalized processes and digital tools. Semi-structured interviews were conducted, 

and further analyzed and discussed in relation to our theoretical background.  

 

Through our literature study, we have recognized the theme of digitalization in 

construction to be of increasing importance and emphasis in research. 

Implementation and utilization of digital processes and tools are applied in various 

stages and levels in a construction project, seen through our empirical research to 

be especially applied in the design and planning stages. However, the influence of 

digitalization on construction production processes seems to be investigated to a 

lesser extent. Hence, our thesis set out to explore this area with a case study 

including two construction projects, leading to a contribution with the addition of 

new empirical data. In doing so, our aim has been to contribute to extend the 

research to focus on digitalization in the construction production phase, as most of 

the previous theory puts emphasis on other stages and levels (e.g. Aguiar Costa & 

Grilo, 2015; Azhar et al., 2011). The influence on the actual production phase is 

indeed of great importance, as this is what both the internal and external supply 

chain converge towards (Tserng et al., 2005; Vrijhoef & Koskela, 2000). 

 

Our study makes several contributions to understanding how digitalization 

influences construction production processes. To theory, our study first highlights 

the close connection between digitalization at the on-site office and out at the 
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construction site. Indeed, this indicates that digital efforts made at the office has 

consequences for the physical construction on site, and vice versa. Thereby, from a 

theoretical perspective, our research contributes with valuable knowledge and 

insights into both levels and their accompanying digital interactions in the 

production phase. This provides nuances to current literature on digitalization in the 

construction industry, where for instance Bryde et al. (2013) and Elghaish et al. 

(2020) emphasize efforts at the office in a project. Accordingly, our research 

suggests that digitalization of construction production processes involves both 

processes out on site and at the office, closely related and influenced by each other.  

 

Another contribution to theory evident from our research, is the presence and 

impact of intermediary benefits on traditional performance indicators enabled by 

digitalization. Literature has portrayed such performance indicators in the 

construction industry to be focused around the “iron triangle” referring to the 

aspects of time, cost and quality (Atkinson, 1999; Chan & Chan, 2004). As our 

study highlights the importance of including the dimension of safety in the 

measurement of direct performance as well, the frequently emphasized theory of 

the “iron triangle” is extended. The inclusion of this particular aspect has been 

highlighted in previous research as well, confirming its relevance and necessity 

(Bubshait & Almohawis, 1994).  

 

The literature related to direct influence on project performance is further extended 

through our identification of intermediary factors, including control, visualization, 

information flow and communication. The degree to which the digitalization 

enhances these aspects is influential for the achieved quality, time, and safety of a 

project. We further find this to complement the benefits of efforts within LC, which 

are implemented at the sites of our empirical case, strengthening the indirect link 

between digitalization and LC (Sacks et al., 2010). We find LC to be closely related 

to the intermediary benefits in terms of waste reduction and progress planning and 

monitoring, as such initiatives are intertwined with the intermediary benefits 

enhanced by digitalization. The direct link between digitalization and LC is 

however not recognized by the interviewees, questioning the combination of the 

two.  
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6.2 Practical implications 

Our study further provides some practical implications, important to consider and 

bear in mind for practitioners and managers. These implications further 

complement the theoretical ones when looking to digitalize construction production 

processes.  

 

As highlighted in our discussion, findings were clear toward the notion that one 

should not digitalize just for the sake of digitalization. Indeed, the implemented 

digitalization should add value to construction production processes on site, which 

can be done either by directly benefiting the construction worker, or more indirectly 

through the on-site office. By aligning the initiatives of the on-site office and the 

construction activities, the combined efforts will benefit the construction process as 

a whole. Thereby, we see building and maintaining a connection between the on-

site office and the construction activities in terms of digitalization to be of the 

essence. The main contractor should further explain and emphasize the importance 

of doing this, as the construction workers out on site might not find certain 

digitalization efforts to be of immediate value for them. This is however dependent 

on the context and cultural setting of the project, as some countries tend to have a 

more hierarchical approach to the management of on-site workers. We have, 

however, found that the focus of the construction worker first and foremost should 

remain on the actual construction. Due to the nature of construction projects 

demanding manual labor, another practical implication identified is that potential 

digitalizing initiatives out on site should supplement the workers rather than 

substitute existing processes. 

 

We have through our research identified both benefits and challenges emerging 

from digitalizing construction production processes, influencing the performance 

of a project. Thus, a practical implication identified is the need to recognize and 

address the challenges related to digitalization of processes. Hence, we propose 

some precautions to bear in mind for the main contractor looking to implement 

digitalization in the production phase. 
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1. Seek a conscious relationship to the use of the technology and what the 

key objectives are. Through our study, we found that there is a wide variety 

of actors involved in the construction production phase of a project. This 

clearly portrays the importance of ensuring the correct and unison use of the 

technologies, as different usages across the construction site may hinder the 

intention of the digitalized processes. The main contractor should thereby 

aim to seek a conscious plan for how and how much they want to utilize 

digitalization. However, it is important to bear in mind that too much 

formalization through digitalization should be avoided. 

 

2. Adjust the technology to utilize its full potential. We find that there is a 

need for adjusting the technology to fit the unique construction project, 

ensuring that the set-up is tailored to the intended use. We find it beneficial 

to ensure that everyone relevant is included in the digital platform and has 

the appropriate access and reach. Moreover, it can be beneficial to be 

familiarized with all aspects of the technology, to be able to benefit from all 

functions and possibilities with new digital products or processes. 

 

3. Ensure proper training. To be able to achieve the desired outcome from 

the digitalization efforts, proper training and follow up is of the essence. 

Especially due to the large number of actors present at the construction site, 

the main contractor should seek to create a conscious relationship with 

subcontractors and other key actors on site. Moreover, creating a clear 

vision for the use and purpose of the digitalization can help to ensure 

commitment and proper usage from the people affected by the digital 

change.  

 

4. Be open to possibilities for partnerships. Our study has shown that when 

subcontractors already had relationships with suppliers of digital tools 

utilized by the main contractor, it showed a positive influence on the ability 

to utilize and accept digitalization. Thus, aiming toward common 

digitalization partnerships or alliances across contracting firms, leading to a 

larger network of aligned digital construction sites would be beneficial for 

the project as a whole. Indeed, effects such as reduced time on training, more 
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efficient use of existing technology and better workflow can potentially be 

achieved. 

 

We believe that the proposed measures are feasible and beneficial to consider when 

faced with digitalization efforts. The digitalization trend is indeed of great 

importance, influential for the future of construction. Thereby, the implications 

presented underlines the importance of including the construction production phase 

in the scope of digitalization.  

 

6.3 Limitations and recommendations for future research 

Our main limitation in regard to our data collection was indeed the ongoing 

COVID-19 pandemic. Due to Norwegian construction sites containing a substantial 

number of foreign workers, the construction industry was heavily affected by 

preventive measures and strict regulations enforced by the contractors and the 

Government. Thus, we were not able to visit any of the construction sites to make 

our own observations as planned, nor have any of our semi-structured interviews 

face-to-face with our interviewees. This was indeed a limitation, whereas we could 

have gained useful insights into the practices on the work site.  

 

Furthermore, another limitation of our thesis is the number of projects we studied 

and interviews we conducted. Indeed, a more complete picture could have been 

made if we had included even more construction projects and in-depth interviews. 

However, due to the time and resource constraints of a master thesis, in combination 

with challenging circumstances, this was not possible in our case. Despite these 

limitations, we believe that our findings provide interesting and relevant insights as 

digitalization in the construction industry is receiving increasing attention.   

 

Moreover, due to the limitations of this thesis project, we find that there are several 

interesting opportunities for further research. By conducting multiple case studies 

on the effects of digitalization in the construction industry findings could potentially 

be generalized. Research could also be extended to include other phases of the CSC, 

such as the planning or procurement phase, providing a holistic view of the effects 

of digitalization. Furthermore, there seems to be little quantitative data on the actual 
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effects of digitalization and the implementation of digital processes and tools in 

construction and could thus be interesting to investigate further. An example could 

be to conduct several measures on key areas over a longer time period, in which a 

process or a tool is digitalized. 
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Appendices  

 

Appendix 1: Interview Guide 

 

Intervjuguide  

1) Om intervjuobjektet 

a) Fortell litt om deg selv, din rolle i Veidekke og din yrkesbakgrunn  

 

2) Digitalisering på byggeplassen 

a) Hvilke arbeidsoppgaver og -prosesser i din arbeidshverdag er digitalisert?  

i) Har du noen eksempler fra din arbeidshverdag som illustrerer hvordan 

disse digitaliseringene påvirker deg? 

b) Hvilke spesifikke digitale verktøy benytter du i arbeidshverdagen? 

i) Fortell litt utdypende om bruken  

ii) Hva er dine holdninger og erfaringer til bruk av disse digitale 

verktøyene?  

 

3) Digitaliseringens effekter og nytte  

a) Hvordan opplever du at digitaliseringen har påvirket ulike effekter som for  

Eksempel  

 
b) Opplever du at digitaliseringen / de digitale verktøyene hjelper deg i din 

arbeidshverdag? 

i) Hvis ja: Hvordan?   

ii) Hvis ja: Har du noen tanker rundt hva som gjør at det hjelper 

(teknologisk, sosialt, organisatorisk, økonomisk)? 

c) Kan du tenke deg noen andre områder digitaliseringen / de digitale 

verktøyene kommer til nytte på byggeplassen? 
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4) Digitaliseringens utfordringer og forbedringspotensial  

a) Opplever du at digitaliseringen / de digitale verktøyene skaper noen form 

for støy eller ulemper for deg i din arbeidshverdag? 

i) Hvis ja: Hvordan?  

ii) Hvis ja: Har du noen tanker rundt hva som gjør at det skaper støy / 

ulemper (teknologisk, sosialt, organisatorisk, økonomisk)?  

iii) Hvis ja: Har du noen tanker rundt hvordan dette kunne vært løst? 

b) Er det noen deler av din digitaliserte arbeidshverdag som du ville endret 

hvis du kunne? 

c) Opplever du at det er noen arbeidsoppgaver eller -prosesser som kunne 

hatt fordel av å bli digitalisert / ytterligere digitalisert?  

 

5) Digitaliseringens kobling til Lean  

a) Hva er din relasjon til Involverende planlegging/Taktplanlegging og 

Lean?  

i) Hvordan brukes dette i din arbeidshverdag, og hva er din opplevelse av 

å bruke dette?  

b) Hvordan er digitalisering knyttet til Involverende 

planlegging/Taktplanlegging? 
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Appendix 2: Overview of digital tools identified at the case sites  
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