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Abstract 
 

This thesis investigates the adoption of digital technologies to improve logistics processes 
in construction projects. The focus is on the main contractor firms and construction 
projects, but first-tier suppliers, transportation firms, and technology vendors are also 
considered. The logistics processes that are studied are order-to-delivery processes and on-
site logistics. Order-to-delivery processes and on-site logistics play a critical role in 
ensuring the availability of goods for the construction process, in the right amount and time, 
at the right location, and without damage. 

Inefficient logistics processes that do not support construction projects with the right 
resources (materials, tools, and machinery) are one reason for low construction project 
performance. Inefficient logistics processes cause disruptions to construction projects, such 
as material stockouts, material surpluses, unavailability, idle waiting and searching time, 
and waste (e.g., damages). On a larger scale, inefficient logistics processes cause significant 
project delays and cost overruns. Therefore, improving logistics processes can improve 
construction project performance. 

To address the inefficiencies of logistics processes, main contractor firms face increased 
pressure to adopt digital technologies. It is known that adopting digital technologies can 
improve communication between project stakeholders, construction automation, and data 
acquisition, visualization, and analytics. The adoption of digital technologies has also been 
reported to improve the construction process, such as design, production, logistics, and 
procurement of materials and services. However, the adoption of digital technologies is a 
complex and inter-organizational process, and the industry's decentralized, project-driven 
nature makes many efforts ad hoc and one-of-a-kind endeavors. Moreover, there needs to 
be more clarity in the path of digital technology adoption for increasing construction project 
performance. A knowledge gap in this context has been a lack of actionable 
recommendations to practitioners, such as main contractor firms. 

Therefore, the purpose of this thesis is to formulate recommendations for the adoption of 
digital technologies that enable the main contractor firms to improve logistics processes. 
Based on this, the following research questions guide the research: 

RQ1: What are the drivers and barriers for the adoption of digital technologies at the project 
level from a main contractor perspective? 

RQ2: What are the effects on logistics processes when adopting digital technologies in 
construction projects? 
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RQ3: What are the lessons learnt from the adoption of digital technologies in construction 
projects? 

The findings identify drivers and barriers to adopting digital technologies at the project 
level from a main contractor perspective, the effects of adopting digital technologies, and 
lessons learnt from adopting digital technologies in construction projects. Furthermore, a 
successful technology adoption process is driven by identifying the drivers and needs of 
the project and the stakeholders/individuals involved. It is also found that the effects of 
adopting digital technologies are: (a) re-designing the order-to-delivery processes and on-
site logistics and (b) accessibility and monitorability of information. Moreover, this thesis 
proposes an enhanced understanding of the process undertaken by the main construction 
firms in adopting digital technologies. The thesis complements the knowledge of digital 
technology adoption by focusing on construction projects. The thesis fills in a knowledge 
gap by formulating actionable recommendations to main contractor firms and bringing 
clarity to the path of digital technology adoption for increasing construction project 
performance. 

Keywords: Digital Technology Adoption, Digitalization, Main Contractors, Construction 
Projects, Construction Logistics, Innovation. 
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Populärvetenskaplig sammanfattning 

Denna avhandling studerar införandet av digital teknik för att förbättra logistikprocesser i 
byggprojekt. Avhandlingens fokus ligger på byggentreprenören och dess byggprojekt, men 
även leverantörer, transportföretag och teknikleverantörer beaktas. De logistikprocesser 
som studeras är order-till-leveransprocessen och arbetsplatslogistiken. Order-till-
leveransprocesser och arbetsplatslogistiken spelar en avgörande roll för att säkerställa 
tillgången på resurser i produktionsskedet där de behöver levereras i rätt mängd och tid, på 
rätt plats och utan skador. 

Produktiviteten i byggprojekt är låg. En orsak till den låga produktiviteten är ineffektiva 
logistikprocesser som inte förser byggarbetsplatsen med rätt resurser (material, verktyg och 
maskiner). Ineffektiva logistikprocesser orsakar störningar i byggprojekt till följd av 
materialbrist, materialöverskott, otillgänglighet, outnyttjad tid (t.ex. vänte- och söktid), 
samt andra former av slöseri (t.ex. skador på material). Ineffektiva logistikprocesser leder 
också till betydande förseningar och kostnadsöverskridningar i byggprojekt. Därmed kan 
förbättrade logistikprocesser bidra till att öka produktivitet i byggprojekt. 

Samtidigt som att byggentreprenörer behöver ta itu med ineffektiva logistikprocesser står 
de även inför ett ökat tryck att ta till sig digital teknik. Användning av digital teknik kan 
förbättra kommunikationen mellan projektintressenter, automatisera byggprocesser samt 
underlätta datainsamling och visualisering och analys av denna data. Användandet av 
digital teknik har även rapporterats förbättra hela byggprocessen i termer av projektering, 
produktion, logistik och upphandling av material och tjänster. Att ta till sig digital teknik 
är däremot en komplex process som spänner över organisationsgränser. Branschens 
decentraliserade, projektdrivna karaktär försvårar för byggentreprenörer att ta till sig ny 
teknik, vilket leder till att insatserna är fragmenterade och görs ad hoc. Dessutom saknas 
en tydlig bild av för hur byggentreprenörer bör ta till sig ny digital teknik för att öka 
produktiviteten i byggprojekt. En kunskapslucka i detta sammanhang har varit bristen på 
praktiska rekommendationer för branschaktörer, till exempel byggentreprenörer. 

Syftet med denna avhandling att formulera rekommendationer för att ta till sig digital teknik 
som gör det möjligt för byggentreprenörer att förbättra sina logistikprocesser. Följande 
forskningsfrågor ska besvaras för att uppfylla avhandlingens syfte: 

RQ1: Vilka är drivkrafterna och hindren för att införa av digital teknik på projektnivå 
utifrån byggentreprenörens perspektiv? 

RQ2: Vilka effekter har införandet av digital teknik på logistikprocesser i byggprojekt? 

RQ3: Vilka är lärdomarna från att ta till sig av digital teknik i byggprojekt? 
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Resultaten visar på drivkrafter och hinder för att ta till sig digital teknik på i byggprojekt 
ur ett byggentreprenörsperspektiv, effekterna av att ta till sig digital teknik och lärdomar 
från att ta till sig digital teknik i byggprojekt. Resultatet visar på att en framgångsrik process 
för att ta till sig digital teknik kan främjas av att identifiera drivkrafterna och behoven för 
projektet och de involverade aktörerna/individerna. Det har också visat sig att effekterna 
av att anta digital teknik är: (a) förändringar av order-till-leveransprocessen och 
arbetsplatslogistiken och (b) en förbättrad tillgänglighet och översikt av information. 
Dessutom bidrar denna avhandling till en ökad förståelse av hur en byggentreprenör tar till 
sig digital teknik med ett speciellt fokus på kunskap om att ta till sig digital teknik på 
byggprojekt. Avhandlingen bidrar även genom de praktiska rekommendationer som 
formulerats för byggentreprenörer och genom att tydliggöra tillvägagångssättet för digital 
teknikanvändning i syfte att öka byggprojektens produktivitet. 

Nyckelord: Digital teknik, Byggentreprenörer, Byggprojekt, Bygglogistik, Innovation. 

 



vii 
 

Foreword 

This Licentiate thesis has been conducted at the Department of Science and Technology 
(ITN) at Linköping University. The research is carried out with the support and 
participation of quite a few persons that should be acknowledged. 

First, I would like to thank my supervisors, Martin Rudberg, Micael Thunberg, and Scott 
Fowler, for their extensive devotion to guiding this study forward with instructive 
suggestions. Martin, I will forever appreciate the opportunity you gave me to broaden my 
knowledge and develop my competence over the past four years.  

Second, I thank my colleagues in the construction logistics group. Anna Fredriksson, Mats 
Janné, Ahmet Sezer, Petter Haglund, Farah Naz, and Abdalla Mubder. Thank you for 
providing an excellent work environment. I will forever be grateful to Mats for his 
mentorship and invaluable input in conducting this research. Thank you, Petter and Farah, 
for brainstorming and attentive discussions.  

Third, I thank my colleagues in the division of Communications and Transport Systems 
(KTS). Special thanks to Viveka Nilson and Sophie Lindesvik; thank you for being a 
constant source of support. Also, thank you Niki Matinrad and Johan Petersson; I appreciate 
your immense kindness. 

Finally, I want to send out a significant portion of love to my family and you, Tara. It was 
impossible to conduct this research without your unconditional love and support. I only 
managed to do this since you were always beside me. I feel very fortunate to have such a 
wonderful person in my life. 

 

 

 

 

 

 

Yashar Gholami 

Norrköping, December 2022 



viii 
 

s 

  



ix 
 

Acknowledgement 

There are several persons whom I would like to thank that have contributed to this research. 
I am very grateful to Lars Stehn, Kajsa Simu, Claes Henschel, Patrik Johansson, Eric 
Jacobson, John Jernberg, Kristoffer Segersten, Björn Nyckelgård, and Fredrik Siljehag for 
contributing with your time and knowledge. The author also gratefully acknowledges the 
financial support from the strategic innovation program ‘Smart Built Environment’, funded 
by Vinnova (Swedish Governmental Agency for Innovation Systems), Formas (Swedish 
Government Research Council for Sustainable Development), and Energimyndigheten 
(Swedish Energy Agency).   



x 
 

s



xi 
 

Thesis Outline 

This licentiate thesis is a compilation thesis (thesis by publication) comprising three 
articles. The first article is under review in the Journal of Production Planning & Control, 
and an earlier version of the paper was presented at the Plan conference in 2019. The second 
article is a working paper in which an earlier version and abstract of the study were 
presented at the e-LRN 2020. The third article is also a working paper. The thesis is titled 
Investigating Adoption of Digital Technologies in Construction Projects and consists of 
two parts. The first part includes an introduction of the problem background, the knowledge 
gap, the purpose, and the research questions. The first part includes a frame of reference, 
the overall research design, and a summary of the appended papers. Furthermore, the first 
part answers the thesis' research questions and presents the thesis's contributions. The 
second part consists of the three papers that the research rests upon, which are listed below. 

I. Gholami, Y., Rudberg, M., Fredriksson, A. and Simu, K. (2022), Decoupling the 
construction supply chain employing a smart delivery container. Submitted for 
review in the Journal of Production Planning & Control. An earlier version was 
presented at the Plan conference 2019. 
 
Contribution: Gholami conducted a traditional literature review to conceptualise 
digital innovation and develop its components. The data analysis and writing the 
manuscript were shared between Gholami and Rudberg. Thus, developing the 
concept of supply chain decoupling was shared among the main authors. 
Fredriksson and Simu conducted the initial planning of the study. Data collection 
has been shared among all authors. 
 

II. Gholami, Y. and Thunberg, M. (2022), Drivers and Barriers for Technology 
Adoption: a construction project perspective. (Working paper). An earlier version 
and abstract of the study were presented at the e-LRN 2020.  
 
Contribution: Gholami conducted a traditional literature review, visited the 
construction site to observe the pilot tests, formulated the case protocol, collected 
the data, conducted data analysis, and wrote the manuscript with reviews and 
comments from Thunberg. Planning of the study and generating research ideas was 
shared among both authors.  

III. Gholami, Y., Rudberg, M., Thunberg, M. (2022), Lessons Learnt from Pilot Tests 
of Digital Technology Adoption in Construction Projects. (Working paper)  
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Contribution: Gholami conducted a traditional literature review, conducted the 
interviews, collected the data, conducted analyses in the form of thematic analysis, 
identified the themes of lessons learnt, moderated the focus groups, and validated 
the findings. Gholami also developed the adjusted technology adoption process 
with the help of Rudberg. Planning the study and generating research ideas was 
shared among all authors. Finally, Gholami wrote the manuscript with reviews and 
comments from Rudberg and Thunberg.  
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1. Introduction 
 
This thesis investigates the adoption of digital technologies to improve logistics processes 
in construction projects. The focus is on the main contractor firms and construction 
projects, but first-tier suppliers, transportation firms, and technology vendors are also 
considered. The logistics processes that are studied are order-to-delivery processes and 
on-site logistics. Order-to-delivery processes and on-site logistics play a critical role in 
ensuring the availability of goods for the construction process, in the right amount and 
time, at the right location, and without damage. 

This chapter describes the problem background that motivates this research, which leads 
to a description of the identified knowledge gap. Furthermore, the research purpose, 
research questions, and scope are presented. 

1.1 Problem background 
The construction industry is project-based, where multiple stakeholders form temporary 
and complex networks of organizations in each new construction project (Dubois et al., 
2019, Vrijhoef and Koskela, 2000). Construction projects are typically associated with 
uncertainty of the construction process (Dubois and Gadde, 2002, Koskela and Vrijhoef, 
2001), which is caused by the environment, technology (Holm, 2000), uniqueness and long 
turnaround times (Holm, 2000), and involvement of multiple stakeholders (Janné and 
Fredriksson, 2019). In this context, several studies have argued that the performance of 
construction projects is low (Bankvall et al., 2010, Van Oorschot et al., 2020).   

One important factor in improving the performance of construction projects is improving 
the efficiency of the construction logistics processes (Agapiou et al., 1998, Chen et al., 
2020, Vidalakis et al., 2011). Logistics processes in construction projects are often 
inefficient and do not support construction projects with the right resources (materials, 
tools, and machinery) (Dubois et al., 2019, Ekeskär and Rudberg, 2016). The inefficiencies 
in the logistics processes have been shown to cause 80 percent of construction project 
delays, often leading to cost overruns (Chen et al., 2020). In a different study, Thunberg 
and Persson (2014) noticed that less than 40 percent of the goods are delivered to 
construction sites in the right amount, at the right time, at the right location, and without 
damage. Research also shows a lack of coordination between main contractors, sub-
contractors, and goods suppliers in managing logistics processes (Dubois et al., 2019, Ying 
et al., 2018), as well as a lack of effective communication and information sharing between 
the main contractors and their suppliers (Thunberg and Persson, 2014). Therefore, 
improving logistics processes can improve the construction project performance (Chen et 
al., 2020, Ma et al., 2018). 
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From an information flow perspective, the construction logistics processes will be 
improved if the right information exists at the right time (Thunberg et al., 2019). A possible 
means for improving information flows, and thereby coordination and communication 
between the involved stakeholders is to use digital technologies (Chen et al., 2020, 
Hofmann and Rüsch, 2017).  

In general, using digital technologies can facilitate the coordination of the goods and 
information flows on time and provide information visibility and material traceability 
(Chen et al., 2020, p. 472). Previous research reports on examples of using digital 
technologies in several construction projects. For instance, Wang et al. (2017) studied a 
BIM-RFID framework to increase the accuracy of location coordinates of concrete 
elements. The findings show a reduction in the unnecessary time spent in searching for 
missing materials. Likewise, Grau et al. (2009) studied an integrated RFID-GPS system, 
which showed costs and time savings due to improved location visibility of goods at the 
buffer zones. Xu et al. (2018) found that using a BIM cloud-based system can decrease 
time waste through reducing waiting time for delivery and order picking. Wang et al. 
(2018) studied using material tracking technologies (e.g., RFID and Bluetooth 
technologies) to improve the logistics processes of construction infrastructure projects 
which shows that material tracking technologies can increase the accuracy of the 
information in the construction site inventory. Accordingly, the site’s inventory 
management is improved by decreasing search-times and material transshipments (ibid). 
Moreover, Cheng and Teizer (2013) investigated the use of real-time data collection and 
visualization technology in construction projects that indicated improvements in 
construction safety. Overall, using digital technologies can improve communication 
between project stakeholders, and enable data acquisition, visualization, and analytics 
(Chen et al., 2021).  

Research does show that using digital technologies can improve information flows between 
stakeholders, which facilitates improving construction logistics processes, which is a 
prerequisite for improving construction project performance. However, the adoption of 
digital technologies in construction projects still needs to be improved. (Chen et al., 2022).  

The adoption process must be defined to understand the relationship between adopting and 
using the technology. Technology adoption is a process by which a decision-maker decides 
to implement or reject using the technology (Rogers, 2003). The technology adoption 
process includes three main stages (Sepasgozar et al., 2016): investigation, decision, and 
implementation (See Figure 1). The first stage is the investigation, in which the construction 
firm identifies a need and possible solutions to address the need (Sepasgozar et al., 2016). 
In this stage, digital technology might need to be used in pilot tests to assess if the 
technology suits the construction project context (Jacobsson and Linderoth, 2010). The 
second stage is the decision, in which the construction firm analyses the gathered 
information from the previous stage and defines activities needed for moving from the 
investigation stage to the implementation stage (Sepasgozar et al., 2016). The third stage 
is the implementation, which is using technology in the organization (See Figure 1). From 



86(<#*B3,+/*"3#

3

now on, adoption/adopter refers to the construction firm, whereas using/user refers to the 
construction project (site supervisors, construction crew, and so forth).

Figure 1. The Process of Adopting Digital Technologies Inspired by Sepasgozar et al. (2016)

A knowledge gap in this context is the lack of clarity in the path of digital technology 
adoption for increasing construction project performance (Leviäkangas et al., 2017). This 
might be because the research on adopting digital technologies in construction projects 
mainly focuses on and takes a construction firm's perspective. Therefore, a construction 
project perspective on the technology adoption process is needed. This is relevant because 
the process of digital technology adoption is indefinite and ambiguous (Jacobsson and 
Linderoth, 2010) which conflicts with the construction project's limited time and budget. 
Digital technology adoption is a complex and lengthy process (Sepasgozar and Davis, 
2019), which in construction seems to be ad hoc and lagging compared to other industries 
(Fadiya et al., 2015, Koch et al., 2019). Possible explanations for the ad hoc adoption of 
digital technologies can be the project-driven nature of the industry, a lack of commitment 
from construction clients/project managers, high up-front investments (Chen et al., 2022, 
van Egmond‐de Wilde and Mohammadi, 2011), and resistance to change among traditional 
project stakeholders (Hall et al., 2018, Sepasgozar et al., 2016). Thereby, Sepasgozar et al.
(2016) encourage more research focusing on actionable recommendations to practitioners, 
such as main contractor firms.

To summarize, construction project performance is low and one root cause for the low 
performance has been the in-efficient logistics processes (Chen et al., 2020, Sundquist et 
al., 2018). To address the in-efficiencies of logistics processes, different digital 
technologies have been suggested (Chen et al., 2020, Chen et al., 2021). Therefore, there 
is a need for actionable recommendations to assist main contractors in adopting digital 
technology on a large scale to improve the construction logistics processes (Chen et al., 
2022, Sepasgozar et al., 2016). This study attempts to fill this knowledge gap by providing 
recommendations that can help main contractor firms adopt digital technologies to improve 
logistics processes.
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1.2 Purpose and research questions 
Based on the problem background and knowledge gap, the purpose is to formulate 
recommendations for adoption of digital technologies that enable the main contractor firms 
to improve logistics processes.  

The process of digital technology adoption begins with identifying drivers and barriers 
(Sepasgozar and Davis, 2018). Drivers and barriers have been identified in previous 
research. Identified drivers include gaining competitive advantage (Mitropoulos and 
Tatum, 2000), and better knowledge management and information exchange (Bossink, 
2004, Nikas et al., 2007). Identified barriers include a lack of financial resources and 
industry standards (Chauhan et al., 2021, Ozorhon, 2013, Ullah et al., 2021). However, 
these drivers and barriers are mainly from a construction firm perspective. Research is 
needed to identify drivers and barriers from a construction project perspective (Davies and 
Harty, 2013). Research question 1 intends to identify such drivers and barriers. 

Research Question 1: What are the drivers and barriers for adoption of digital technologies 
at the project level from a main contractor perspective? 

Research question 2 intends to identify the effects of adopting digital technology on logistic 
processes and investigate why such effects appear. Previous research shows that the 
realization of potential improvements requires changes in organizational arrangements both 
on-site and in the construction supply chain (Sundquist et al., 2018). To approach the 
organizational arrangements, more research is needed to address the effects of adopting 
digital technologies in the construction logistics processes.  

Research question 2: What are the effects on logistics processes when adopting digital 
technologies in the construction projects? 

Finally, identifying lessons learnt from previous cases of using digital technologies in 
construction projects play a key role in understanding the adoption process and explaining 
why the adoption of digital technologies in construction may be hampered  (Shelton et al., 
2016, van Egmond‐de Wilde and Mohammadi, 2011). The lessons learnt are important for 
avoiding repeating mistakes, ensuring that past successes can be replicated, and preventing 
loss of gained knowledge (Davenport et al., 1998). Research question 3 intends to identify 
these lessons learnt.  

Research question 3: What are the lessons learnt from the adoption of digital technologies 
in construction projects? 

The answers to the research questions of the thesis form the foundation to formulate 
recommendations for the adoption of digital technologies that enable main contractors to 
improve logistics processes.  
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1.3 Scope  
This research is a part of a larger research project called ‘The Connected Construction Site’ 
that studied the effects of digitization, digitalization, and digital transformation in the 
construction site's planning, production, and supply processes. The studies were conducted 
by testing, developing, and evaluating digital technologies in construction projects. 

The scope of this thesis is the adoption of digital technologies by main contractor firms for 
construction projects to improve logistics processes. The focus of the adoption process is 
on the construction projects. Therefore, the research is conducted by studying pilot tests of 
digital technologies in one or several construction projects before reaching a decision for 
implementing the digital technology on a larger scale. Hence, the implementation stage by 
the construction firm is out of the scope of this research project. The pilot tests have been 
the units of analysis and, the residential and commercial construction projects have been 
the units of observation. 

The logistics processes that are studied are order-to-delivery processes and on-site logistics. 
Order-to-delivery processes are related to supply planning, transport and delivery, goods 
reception, and storage control (Oskarsson et al., 2013). On-site logistics are related to 
organizing, directing, and controlling the goods on site (Thomas et al., 2005). Order-to-
delivery processes and on-site logistics play a critical role in ensuring the availability of 
goods for the construction process, in the right amount and time, at the right location, and 
without damage. 

Finally, assessing the technical feasibility of the different digital technologies or developing 
any possible digital solutions is out of the scope of this research project.



6 
 



7 
 

2. Frame of reference 
 
This thesis is based on of three main research areas: construction management, logistics 
and supply chain management, and digital technology adoption. This chapter describes the 
construction project context, addresses how effective logistics and supply chain 
management are put forward for mitigating the low construction project performance, and 
brings up the relevance of digital technology adoption to improve construction logistics 
processes.  

2.1 The construction project context  
Construction is regarded as a project-based, fragmented, and complex industry where the 
production is situated in a new place every time (Holm, 2000). Construction projects are 
temporary organizations; formed by a coalition of firms and initiated by a client (Winch, 
2009). Other firms (also referred to as stakeholders) typically involved in construction 
projects are main contractors, sub-contractors, consultants, and suppliers that collaborate 
within a limited time (Janné and Rudberg, 2017, Kadefors, 1995). Construction projects 
typically have a high degree of uncertainty, unprecedented changes, and unforeseen events 
owing to a lack of control over geological conditions and a lack of specification of the 
construction process (Kadefors, 1995, p, 403). Moreover, construction projects are subject 
to interdependency between tasks, resources, and stakeholders, leading to a fragmented 
control of the construction supply chain (Bankvall et al., 2010, Dubois and Gadde, 2002). 
The described context predisposes construction projects to delays, cost overruns, and low 
performance.  

For instance, Josephson and Saukkoriipi (2005) calculated that the waste in the construction 
process could amount to approximately 35 % of the production costs. Low performance in 
construction projects can be seen in sub-optimal utilization of resources (material, 
equipment, crew), theft and damages, unnecessary movements (Josephson and Saukkoriipi, 
2005), poor inventory management (Irizarry et al., 2013), error-prone material handling 
(Chen et al., 2020), incorrect goods delivery (Thunberg and Persson, 2014) and rework 
(Josephson and Saukkoriipi, 2005).   

To address the low construction project performance, effective management of 
construction logistics processes has been suggested. Effective management of construction 
logistics processes is facilitated through the adoption of digital technologies. Digital 
technologies allow for getting the right information to the right stakeholder, which 
overcomes the challenges of the organizational fragmentation of the construction projects 
(Davies and Harty, 2013), and improves control and visibility over the construction process 
(Rivera et al., 2021). However, slow and in-efficient uptake and acceptance of adopting 
digital technologies to improve the construction process (Barbosa et al., 2017, Irizarry et 
al., 2013), hampers improving the construction project performance. There is also a need 
for a better understanding of the role of construction projects in the technology adoption 
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process. The project-based nature of production in the construction industry can constrain 
the continuous and indefinite nature of the adoption process. However, construction 
projects offer good temporary conditions for testing digital technologies. Therefore, there 
is a need to enhance the understanding of how the project organization interacts with the 
construction firm in the technology adoption process. 

The following sub-chapters firstly present supply chain management and how supply chain 
management principles could improve construction management practices, and secondly, 
present digital technology adoption and how the adoption of the technologies could 
improve logistics and the construction processes. 

2.2 Supply chain management and logistics in construction  

2.2.1 Supply chain management and logistics 
A supply chain is a set of three or more entities (e.g., a construction firm, a transportation 
firm, a goods supplier firm, etc.) involved in the upstream or downstream flows of goods, 
services, and information that brings products or services to the market (Mentzer et al., 
2001).  

Supply Chain Management (SCM) is described as the effective management of goods, 
services, and information in the supply chain (Sabri et al., 2018). Although Fernie and 
Tennant (2013) highlight a lack of a unified SCM theory, SCM principles (Mentzer et al., 
2001) address the systematic coordination and synchronization of intra- and interfirm 
business functions regardless of firm boundaries. In other words, SCM entails coordinating 
and integrating processes, flows, and systems among the supply chain stakeholders 
(Bankvall et al., 2010, Pagell, 2004), contributing to accurate and timely information flows. 
Such a seamless, coordinated supply chain results in effective flows of goods and services 
and a high performance (Ellram and Cooper, 2014, Lambert and Cooper, 2000).  

To understand why SCM in construction is relevant, different roles that SCM can play in 
construction are presented and theorized by Vrijhoef and Koskela (2000), see Figure 2.  
Role 1 addresses establishing clear interfaces between the supply chain and the site, 
focusing on the relationship between the site and direct suppliers to reduce the site 
activities' costs and duration. The primary purpose, in this case, is to ensure critical 
resources, materials and labour flow to the site to reduce costs and duration and avoid 
disruption of the site activities. Role 2 addresses how to increase supply chain efficiency. 
The primary focus is thus on improving the supply chain itself to lower costs, especially 
those related to logistics, transportation, lead time, and inventory. Role 3 focuses on 
increasing site efficiency, reducing waste, costs, and duration by streamlining logistic 
processes and material flows throughout site operations and site activities (Ekeskär and 
Rudberg, 2016). In Role 4, the focus is on transferring value-adding activities from the site 
upstream in the supply chain. The main purpose is to refrain from the inferior condition of 
the construction site or to achieve wider concurrency of the activities to reduce the total 
cost or duration of the activities. Finally, Role 5 strives to integrate the supply chain with 
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the construction site, i.e., fully integrated SCM with a focus on the integrated management 
and improvement of the supply chain and the site production. Hence, the site production is 
subsumed into SCM (Vrijhoef and Koskela, 2000).

Figure 2. SCM Roles in Construction (Janné and Rudberg, 2017).

To understand the relationship between SCM and logistics, the Council of Supply Chain 
Management Professionals (CSCMP, 2016) establishes that SCM encompasses all 
planning, sourcing, procurement, and logistics management activities. Hence, ‘Logistics is 
that part of the supply chain process that plans, implements, and controls the efficient, 
effective flow and storage of goods, services, and related information from the point of 
origin to the point of consumption’ (Lambert and Cooper, 2000, p. 67).

To summarize, coordination between the construction process and construction supply 
chain is essential to improve the construction project performance (Bankvall et al., 2010). 
Although the SCM principles emphasize the integration of processes across the supply 
chain stakeholders, the construction industry in general suffers from poorly managed 
supply chains and logistics processes.

2.2.2 Logistics processes in construction
Janné and Fredriksson (2019, p. 90) define construction logistics as ‘all activities dealing 
with supplying the right resources to the correct customer at the construction project to 
meet the customer's requirements’. In construction, logistics is broadly recognized with 
different processes related to specification, acquisition, transport and delivery of goods to 
the construction site, and planning and goods handling on the construction site (Sundquist
et al., 2018). To narrow down the broad scope of construction logistics, this study only 
focuses on order-to-delivery processes and on-site logistics. 

Effective management of order-to-delivery processes and on-site logistics impacts the 
performance of a construction project (Ying et al., 2014), through e.g., lowering the total 
cost of the construction project (Dubois et al., 2019, Ekeskär and Rudberg, 2016). On the 
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contrary, poorly managed order-to-delivery processes and on-site logistics cause poor 
logistics, and thereby poor construction performance (Agapiou et al., 1998). 

From a logistics perspective, the order-to-delivery process is considered one of the main 
processes to manage (Forslund et al., 2009). Order-to-delivery processes, generally, 
consists of six sub-processes: (1) main contractor to place the order, (2) supplier to receive 
the order, (3), supplier to handle the order, (4) supplier to collect and pack the goods, (5) 
transportation company to carry the goods from supplier’s inventory and deliver to the 
contractor at site, and (6) contractor to receive the goods (Oskarsson et al., 2013). Figure 3
presents a simplified view of an order-to-delivery process in a construction supply chain 
including the six described sub-processes.

Figure 3. Order-to-delivery process in a construction supply chain (Gholami et. al., 2022).

Previous research has identified several indicators explaining the lack of an effective 
management of order-to-delivery processes. For instance, Thunberg and Persson (2014)
exemplify that delivery reliability and delivery precision in construction supply chains are 
below 40 %, which severely affects the construction process. Lack of coordination 
(Sundquist et al., 2018) and exclusion of subcontractors in supply chain planning 
(Thunberg and Persson, 2014) are identified as common issues with the order-to-delivery 
processes. Also, the order-to-delivery processes can suffer from late communication of 
demand to the material supplier which affects the order placement activity.

On-site logistics is defined as the practice of allocating spaces for goods delivery, storage,
and handling, to organize resource movements and reduce site congestion (Thomas et al., 
2005). Managing on-site logistics is of importance as construction projects are limited in 
terms of space capacity and are subject to both goods shortage and goods congestion 
(Hamzeh et al., 2007). Poorly managed on-site logistics is characterised with excessive 
storage of material (Thunberg et al., 2017) and excessive material handling (Ghanem et al., 
2018). Moreover, poorly managed on-site logistics can lower project performance through 
material stockouts (Ghanem et al., 2018). Similarly, material stockouts is identified as an 
indication for in-effective on-site logistics management (Wang et al., 2018). Material 
stockouts could for instance be due to a lack of information on material availability at the 
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site inventory (Vidalakis et al., 2011). Moreover, Ghanem et al. (2018) identify improper 
material sorting and material obstructive access as other indicators for in-effective on-site 
logistics management. 

Table 1 is a summary of the mentioned indicators for in-efficiencies in the order-to-delivery 
processes and on-site logistics. Many problems identified in Table 1 can be seen from an 
information management perspective. In fact, in-effective management of information and 
communication in the construction project processes and construction supply chains, 
substantially affect the effectiveness of order-to-delivery processes and on-site logistics 
(See e.g., Titus and Bröchner (2005)). Effective information flow is needed to improve 
logistics performance and adopting digital technologies can facilitate this. 

Table 1. Indicators for in-efficiencies in the order-to-delivery processes and on-site logistics. 

Indicator Order-
to-
delivery 

On-site 
logistics 

Source 

Lack of information on material availability at the site 
inventory 
 
 

 X Vidalakis et al. (2011) 
Thunberg and Persson 
(2014) 

Exclusion of subcontractors in supply chain planning X  Vidalakis et al. (2011) 
Thunberg and Persson 
(2014) 

Lack of coordination in material planning X  Sundquist et al. (2018) 
(Ala-Risku and 
Kärkkäinen, 2006) 

Late communication of demand to the material supplier X  Dubois et al. (2019) 
High-volume-low-value material transport X  Ahmadian et al. 

(2014) 
Vidalakis et al. (2011) 

In-effective management of information flows (e.g., late 
order placement to the suppliers) 

X X Thunberg et al. (2017), 
Ying et al. (2014) 
 

Excessive storage of material at site  X Thunberg et al. (2017) 
Material stockouts X X Wang et al. (2018) 
Insufficient delivery reliability and delivery precision  X  Thunberg and Persson 

(2014) 
Low level of machineries 
utilization 

 X Josephson and 
Saukkoriipi (2005) 

Need for large storage capacity at site  X Vidalakis et al. (2011) 
 

2.3 Adoption of digital technologies 

2.3.1 Digital technologies 
Multiple studies, such as Loosemore (2014), Barbosa et al. (2017), and Chen et al. (2021) 
have recognized a growing trend for the adoption of digital technologies in construction 
projects to improve construction performance. Digital technology, in this vein, can be 
described as electronic tools, systems, devices, and resources that generate, store, or process 
data (Chauhan et al., 2021). 
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In general, digital technology adoption is conducted to stay competitive in the market 
(Shibeika and Harty, 2015). More specifically, the adoption of digital technologies is 
conducted to improve responsiveness, efficiency, and collaboration (Lavikka et al., 2018) 
in managing business processes such as production, logistics, marketing, and procurement 
of materials and services (Ibem and Laryea, 2014). For instance, from a supply chain 
management perspective, the adoption of digital technologies can improve the supply chain 
processes through: (1) providing more flexible and cost-effective services to the 
manufacturing systems, (2) lowering the maintenance costs (Alcácer and Cruz-Machado, 
2019), (3) reducing delivery times, (4) improving control of goods flows (Zhang et al., 
2017), (5) decreasing risks of stockouts, (6) and decreasing unnecessary inventory carrying 
costs (Calatayud et al., 2019).  

In the construction context, the main aim of the adoption of digital technologies amongst 
construction firms, are improving communication between project stakeholders, 
construction automation, and data acquisition, visualisation, and analytics (Chen et al., 
2021). Examples of most commonly adopted digital technologies are Building Information 
Modelling (BIM), track and trace technologies (e.g., RFID), immersive media technologies 
(e.g., virtual reality and augmented reality), and embedded sensors of various types (Chen 
et al., 2021, Hwang et al., 2020, Qi et al., 2021). 

2.3.2 Technology adoption process 
According to Sepasgozar et al. (2016) and Sepasgozar and Davis (2018), technology 
adoption is a process in three stages: investigation, decision, and implementation (see 
Figure 1).  

The investigation stage typically begins with identifying drivers and barriers concerning 
the need to adopt digital technology (Sepasgozar et al., 2016). Drivers are the reasons and 
sources of motivation and barriers are the factors that inhibit adopting digital technology 
(Ozorhon, 2013). Furthermore, this stage involves the construction firm identifying the 
technology vendors and enhancing the understanding of technologies that fit the identified 
drivers. 

The decision stage includes analyzing and assessing of the needs, technologies, and 
technology vendors identified in the investigation stage (Sepasgozar and Davis, 2018). For 
this stage, it is necessary to involve managers from both the firm (strategic) and the project 
(operational) levels (Sepasgozar et al., 2016). For example, this stage entails a trial 
demonstration of the usefulness of the technologies (Sepasgozar and Davis, 2018), as well 
as an assessment of the possible technology vendors. 

The implementation stage is using technology in its fullest in the organization, often after 
putting the technology in tests. According to Rogers (2003) the implementation continues 
until the technology has been institutionalized and is regularly used by the adopter (e.g. an 
individual, an unit, a project, an organisation, etc.). Chen et al. (2021) highlight the 
difference between the use of the technology for investigation and testing, and the use of 
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the technology after actual implementation. Here use is referred to as the latter, and as a 
result of the digital adoption process. 

The adoption of digital technologies can lead to significant changes in the construction 
process (Chen et al., 2021, Hall et al., 2018), impacting technological, cultural, and 
organizational contexts (Chen et al., 2021). Agrawal et al. (2016) demonstrate that the 
construction industry is amongst the least ‘digitalized’ industries and construction 
processes are lagging behind in incorporating digital technologies. In fact, the process of 
digital technology adoption amongst construction firms is described to be ad hoc and 
complex (Koch et al., 2019, Shelton et al., 2016). Jacobsson and Linderoth (2010) highlight 
the limited time span of a construction project and contractual agreements between the 
involved stakeholders which conflict with the in-definite and ambiguous process of digital 
technology adoption. Lindblad (2019) argues that construction organisations act as 
heterogeneous entities towards technology adoption, where top managers and project 
managers show different ambitions, skills, and interest to initiate, or to be involved in, the 
adoption process.  

Previous research has shown that digital technology adoption entails arranging new 
business models (to facilitate the adoption process) (Chen et al., 2021), establishing 
communication channels and closer relationships between the stakeholders involved in the 
adoption process (Shelton et al., 2016), changing mindset and leadership methods 
(Stoyanova, 2020, Ullah et al., 2021), formulating a digitalization strategy (Koch et al., 
2019), and establishing new forms of regulation and education programs (Chen et al., 
2021). Considering what digital technology adoption entails, Koch et al. (2019) argue that 
the process of digital technology adoption should be managed carefully through proper 
resources and Chen et al. (2021) discuss the necessity for a successful digital technology 
adoption process. However, more research is needed to fully explain and define the 
meaning of successful digital technology adoption and proper resources for digital 
technology adoption. 

2.3.3 Adoption of digital technologies in construction logistics  
Digital technologies have a catalytic role (Bechtsis et al., 2018) to support and synchronize 
interaction, information sharing, and communication between different supply chain 
stakeholders.  

For order-to-delivery processes, digital technologies such as material tracking technologies 
are utilized for generating information in real time which leads to improving traceability of 
the materials and machineries at the site (Wang et al., 2018). Possible effects of digital 
technologies on on-site logistics is seen in using technologies such as BIM-RFID and BIM-
GIS systems that increase accuracy of location coordinates of construction resources on-
site and enable a visual demonstration of the logistic processes (Irizarry et al., 2013, Wang 
et al., 2017). Similarly, Tetik et al. (2019) evaluate the effect of technology-based 
construction management practices, and the results show improved quality and efficiency 
of the project operations, reduction of the rework and interruptions, and improved access 
to real-time inventory data.  
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In short, the enhanced connectivity, visibility, and integration, being a result of the adoption 
of technologies (Calatayud et al., 2019), benefit the effectiveness of construction logistics 
processes. To summarize, results of adopting digital technologies in construction logistics 
are found to be better control the goods flow, better visibility of the inventory at the site, 
and decreasing rework. Therefore, adoption of digital technologies addresses the identified 
problems (e.g., in-efficiencies) in the order-to-delivery processes and on-site logistics.  
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3. Research Design 
 

This chapter describes the overall research design and presents the research process. The 
chapter also provides further details on the selected method for each study, the analysis 
method, and research quality.  

3.1 Research process 
The research process started in 2019 and included three studies conducted over three years 
(see Figure 4). The first study was conducted in 2019, based on a pilot test of the use of a 
smart delivery container in a large construction project in Stockholm, Sweden. Using a 
smart delivery container in construction projects was a new phenomenon at the time. The 
test project was planned in collaboration with the main contractor, the technology vendor, 
and a goods supplier. The research design was a single case study (the single case study in 
Figure 4) identifying and analysing the effects of the smart delivery container on the order-
to-delivery process. The findings of this study were input to answer RQ2 (Figure 4).  

The second study was conducted in 2020 and included pilot tests of three different digital 
technologies in another large construction project located in Stockholm, Sweden. The pilot 
tests involved digital technologies that could improve different order-to-delivery processes. 
These three digital technologies were: a smart delivery container, a VMI system, and a 
track and trace system. The research design was an embedded single case study (the 
embedded single case study in Figure 4). In the embedded single case study, the author 
conducted direct observations and systematic interviewing to identify drivers, barriers, and 
effects of digital technology adoption on logistics processes. The findings of the study were 
input to answer RQ1 and RQ2. 

Being involved in the two studies allowed conducting exploratory and contemporary 
observations of the pilot tests of several digital technologies, the emerging drivers and 
barriers, and their effects on the order-to-delivery processes and on-site logistics.  
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Figure 4. The Research Design.

The third study (referred to as the focus groups and interview study in Figure 4), was 
conducted to address the third research question. The third study was initiated by 
identifying all key informants in all relevant fields within the two previous studies. The 
lessons learnt were firstly extracted from an interview study with the key informants. The 
author collected and analyzed data to identify personal experiences from adopting digital 
technologies from the two test projects. Thereafter, two focus group sessions were 
conducted to build a collective understanding of the lessons learnt from a multidisciplinary 
perspective. The findings of the focus groups and interview study were input to answer 
RQ3.

In addition to the three studies, literature review studies were conducted to support the 
research project by finding knowledge gaps and formulating a frame of reference for 
different studies. The literature review studies started at the beginning of this research 
project and continued in parallel with different studies. The literature reviews covered 
different areas, based on the specific need of each respective study. It started with focusing 
on supply chain management, logistics, and construction logistics. Moreover, the previous 
research in technology adoption, digitalization, and construction innovation were reviewed. 
The outcome of the literature reviews was presented in course papers and was used as input 
to the three studies of the licentiate thesis. 
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3.2 The Choice of Method  

3.2.1 The single case study 
The single case study followed an exploratory approach to investigate the deployment of a 
smart delivery container as a means of improving the order-to-delivery process for 
construction materials and rental equipment. The case study research is regarded a valid 
method for this study as digital technology adoption is context-specific (Shibeika and 
Harty, 2015).  

The study was planned to observe the effects of the smart delivery container in two periods. 
First, one period of three weeks without the smart container as a reference point, and then 
one period of three weeks with the container to compare to the reference point. In both 
periods, data were collected on six activities: 

(1) Number of interventions in stock manager's work per day, 

(2) Number of phone calls between the stock manager and truck drivers, 

(3) Number of stock manager's steps per day, 

(4) Number of transporter's trucks inside the construction site,  

(5) The truck driver's waiting time per each delivery (minutes), 

(6) The number of unannounced deliveries per day. 

Also, one logistic manager ‘shadowed’ the daily routine of the contractor's stock manager 
for three full days in each period and collected observational data to increase the validity. 
Besides, three semi-structured interviews were conducted with the technology provider, the 
supplier, and the transporter company. They were done retrospectively to reflect upon and 
verify the results and findings of the pilot test. Each interview lasted approximately one 
hour and was performed online. 

3.2.2 The embedded single case study   
The embedded single case study was also an exploratory study where several technologies 
were tested to evaluate the effects on the order-to-delivery processes. The data was 
collected through semi-structured interviews, direct observations, and meeting 
participation. An interview guide was used to inquire about the drivers for the use of the 
technologies, the barriers encountered when using the technologies, the possible enablers 
for facilitating the use of the technologies, and finally, the outcome of using the 
technologies.  

While semi-structured interviews were the main source of data collection, the main author 
of the thesis visited the construction project and was involved in the project meetings to 
complement and triangulate the data collection. A total of five planning meetings were 
digitally observed in which the planner of the main contractor controlled and coordinated 
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the construction progress with the site supervisor and production manager. Observations 
helped the main author to understand using the technologies on-site. 

3.2.3 The focus groups and interview study 
The final study was mainly of an abductive approach, going back and forth between theory 
and empirical data. Concerning the empirical data, the research process began with 
conducting individual interviews with selected persons being part of the test projects. The 
respondents were asked what lessons they had learnt from the pilot tests they were involved 
in. The results of the interviews contributed to a gross list of lessons learnt on an individual 
level. By contrasting the interview results to the theory, themes emerged for the different 
lessons learnt.  

The lessons learnt and the themes were sent one week before the focus groups to achieve a 
better research quality and discussion from the focus groups. After analyzing the results of 
the interviews, two focus groups (one for each test project) were conducted. The purpose 
of the focus groups was to verify the lessons learnt and achieve a deeper understanding of 
the lessons learnt on a collective level. The gross list of lessons learnt, and the themes of 
learnings were validated and probed during the focus groups. This means that the findings' 
reliability was assessed by asking respondents if they could verify if lessons learnt on an 
individual level were correctly interpreted and elaborate on the content and effects of the 
learnings. The recorded focus group sessions were transcribed and analysed based on the 
content and comparison between the two focus groups to assess different points of view 
concerning validity of individual and collective lessons learnt.  

According to King et al. (2018), an interview study is a suitable method for understanding 
single learnings. The main reason why focus groups were used in this study was that digital 
technology adoption in construction is done in a network involving different stakeholders 
and thus adoption results in effects on an inter-organizational level (Lavikka et al., 2020).  

3.3 The Analysis Method 
For paper 1, the analysis was conducted in two steps. In the first step, the empirical data 
(presented in 2.2.1) were contrasted against the three first roles of SCM. Based on this, the 
authors analyzed the data by classifying how using the smart delivery container affects 
savings in logistics cost, reduction of the duration of site activities, improvement of labor 
productivity, and safety and environmental aspects. The analysis's result illustrated the 
effects of the smart container on operational performance in the order-to-delivery process. 
In the second step, the author analyzed the smart delivery container's effects in decreasing 
uncertainty, interdependence, and boundary strength. For this purpose, the author 
conducted a literature review to conceptualize digital innovation in construction supply 
chains. Thereupon, the empirical data was contrasted against the conceptualized summary 
of digital innovation to analyze the causal relationship between digital innovation and the 
improved information flow and activity coordination for higher operational performance, 
taking the barriers to digital innovation of construction supply chains into account. 
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For paper 2, the collected data from each interview and meeting were transcribed according 
to the case study protocol. Afterward, thematic coding (Flick, 2009) was used to extract 
drivers and barriers for each digital technology. Then, the identified drivers and barriers for 
the three tested digital technologies were synthesized to identify the drivers and barriers to 
adopting digital technologies at the project level. The same procedure was conducted to 
identify inputs, possible enablers for facilitating adoption, and finally, the technologies' 
outcome. 

For paper 3, the analysis was conducted in two phases. The first phase concerned the 
analysis of the conducted interviews. The interviews were transcribed and analytically 
processed in NVivo, employing a thematic analysis following Flick’s (2009) and King’s et 
al. (2018) recommendations. The analysis process was iterative. The author identified the 
themes of lessons learnt within empirical interview data, revisited the theory to understand 
the themes, and continued this process. The thematic analysis continued until saturation 
emerged. The result of the first phase led to a gross list of eleven lessons learnt that can be 
categorized into three themes. The second phase concerned the analysis of conducted focus 
groups. Firstly, the learnings were mapped onto the themes, and collective learnings were 
identified. Also, the results from two focus groups were compared to assess different points 
of view concerning the validity and collective lessons learnt.  

Finally, two steps were taken to formulate recommendations for this thesis. In the first step, 
the answers to the research questions, the findings, and the contributions of the research 
papers were analyzed content-wise. The content analysis included identifying codes 
(phrases/meanings) that addressed adopting digital technologies and what enables the main 
contractor firms to improve logistics processes. These codes were later written on sticky 
notes, and logical reasoning was used to extract the themes from the codes based on 
similarities. The identified themes were later contrasted against the frame of references of 
the thesis to find resemblances. The four recommendations were the results of that thematic 
analysis.  

3.4 Research Quality 
Throughout the research process, construct validity, external validity (generalizability), and 
reliability have been addressed (Yin, 2017). 

Different measures were employed to ensure the construct validity of the research: 

• Multiple sources of evidence were used to triangulate data on drivers, barriers, effects, 
and lessons learnt for adopting digital technologies. The sources of evidence included 
interviews, meeting observations, site observations, company websites, and focus 
groups. 

• The main author reviewed the previous literature before and after collecting the 
empirical data. The literature reviews in supply chain management and logistics, 
construction logistics, technology adoption, digitalization, and construction innovation 
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enabled the authors to validate the findings from the empirical data and identify the 
similarities and discrepancies between previous research and the study's findings. 

• To further control the construct validity, findings were sent to the research participants 
to ensure the validity of the empirical data. 

Moreover, two papers of this thesis (Paper 1 and 2) are case study research. When it comes 
to external validity, Yin (2017) argues that there exist two types of generalizability: 
statistical and analytical. External validity in case study research relates to analytical 
generalizability, which entails generalizing a particular set of results to a broader theory 
(Yin, 2017). The conducted literature reviews in paper 1 and 2 paper confirm some of the 
findings concerning RQ1 and RQ2. The similarities in the previous literature can enhance 
the generalizability of findings for RQ1 and RQ2. Also, Flyvbjerg (2006) remarks that case 
study research can be used to develop context-dependent knowledge. This is relevant as 
investigating the adoption of digital technologies in construction projects is also context-
dependent. Finally, the focus groups in the third study were designed to achieve a more 
generalizable understanding of the identified lessons learnt. All key informants from the 
two previous test projects (the two conducted case studies) were involved in verifying the 
identified lessons learnt and attaining a broader, more generalizable understanding of the 
lessons learnt. 

This research also ensures reliability through case study protocols, structured interview 
guides, and the selection of key informants for interviews and focus groups in the data 
collection phases. This is in line with Voss et al. (2002) suggestion on enhancing the case 
research reliability. Additionally, the author stored the recordings and collected data 
electronically, so the three studies can be reviewed if necessary. However, it should be 
acknowledged that all participants participating in the data collection operate in Sweden, 
which can pose some implications and bias for the thesis findings. This bias can relate to 
the fact that most research participants were involved in the test projects voluntarily and 
willingly. The research participants showed noticeable ambition to test, examine, and 
understand the implications of change management and were proactive in adopting digital 
technologies (compared to their industry counterparts). Thus, resistance to change, which 
is considered a general constraint to technology adoption, was barely witnessed from the 
participants. 

Finally, it is essential to note that internal validity relates to explanatory case studies, which 
does not concern this thesis. However, to minimize the possible bias in the data collection 
and analysis stages, all three studies in this thesis were written in collaboration with at least 
two authors. 
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4. Summary of Papers 
 
This chapter presents a summary of the three papers that constitute second part of the 
licentiate thesis. The problem background, purpose, findings, and contributions of each 
paper is included. Table 2 below presents a brief overview of the research papers. 

Table 2. Overview of Research Papers 

 Paper 1 Paper 2 Paper 3 
Title  Digital innovation: 

decoupling the 
delivery process in a 
construction supply 
chain. 

Drivers and Barriers 
for Technology 
Adoption: a 
construction project 
perspective. 

Lessons learnt from 
pilot tests of digital 
technology adoption in 
construction projects. 

Purpose To analyse digital 
innovation in 
construction and its 
effect on the order-to-
delivery process and 
on-site operations. 

The purpose is 
twofold. Firstly, to 
identify the effects of 
adopting digital 
technologies on the 
material supply 
process. Secondly, to 
identify the drivers 
and barriers from a 
construction project 
perspective. 

To identify lessons 
learnt from pilot tests 
of digital technology 
adoption in 
construction projects. 

Finding The decoupling of the 
site and supply chain 
in the delivery process 
leads to performance 
improvement both on-
site and in the supply 
chain. The smart 
delivery container and 
the related information 
system also led to 
better planning and 
control, as well as 
better safety. 

Drivers for technology 
adoption in the cases 
was identified as 
control function, 
visibility, connectivity, 
coordination and 
process re-
engineering, while 
barriers were found to 
be technical quality, 
complexity and 
temporariness of 
projects and supply 
chains. 

Lessons learnt from 
the pilot tests of digital 
technology adoption, 
which must be 
formulated and 
transferred from the 
project organization to 
the firm organization. 
These lessons learnt 
can be grouped into 
the context, the 
prerequisites, and the 
constraints that 
influence the process 
of digital technology 
adoption. 

Contribution 
 
 
 
 
 
 
 

 

The concept of 
decoupling the 
construction supply 
chain and how the 
decoupling concept re-
designs the order-to-
delivery processes. 

Drivers and barriers 
for digital technology 
adoption and 
identifying how the 
technology will affect 
different individuals 
and operational 
processes. 

11 empirically derived 
and categorized 
lessons learnt from 
pilot tests of digital 
technologies in real, 
ongoing, construction 
projects.  
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4.1 Paper 1: Digital Innovation: decoupling the delivery 
process in a construction supply chain 
The purpose of this paper was to analyze digital innovation in construction and its effect 
on the order-to-delivery process and on-site operations. The digital innovation was a smart 
delivery container, which is based on a standard TEU (Twenty-Foot Equivalent Unit) 
container, including a Bluetooth-based lock, a smartphone application, and a planning 
system. The smart delivery container functions through an electronic controller which is 
designed to open the door automatically by a Bluetooth signal sent from the smartphone 
application. Moreover, the planning system enables controlling the container and the 
related information, materials, and rental equipment flows going through the container.  

The paper reviews the literature within the domains of innovation, digitalization, and 
supply chain management and conceptualizes how digital innovation can improve the 
order-to-delivery process in construction supply chains. The literature review constitutes a 
definition of digital innovation presented as the ‘actual use of digital technologies in a 
construction project which results in non-trivial changes and performance improvements 
in inter-organizational construction project and supply chain system’.  

The purpose was achieved by observing the effects of smart delivery container on the order-
to-delivery process and on-site logistics. The findings indicated improvements in all 
measured activities in the order-to-delivery process (Figure 5), and a boost in efficiency of 
the work performed particularly by the stock manager. For instance, the use of the smart 
delivery container resulted in a reduction in the number of unplanned interruptions of the 
stock manager by 86 % per day, a reduction in the number of phone calls by 40 % per day, 
and a reduction in the number of pick-up rounds to the stocking areas. Also, the transporter 
can save time with a reduction in waiting time for each delivery by 90 %. As a whole, the 
smart container enables delivery of the required goods without disrupting the construction 
workflow, which is one aim of SCM in construction.  
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Figure 5. The smart delivery container’s effect on order-to-delivery process (Gholami et. al, 2022).

Furthermore, the effects of the smart delivery container on the order-to-delivery process 
and on-site logistics are seen in establishing an interface between the construction site and 
the supply chain including a function for goods reception on-site. By establishing the 
interface, the goods reception process is re-designed with the smart delivery container
(Figure 6). 

Figure 6. Redesign the Order-to-delivery Process with the Smart Delivery Container.
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The main contribution of paper 1 to this thesis is to explain how a digital innovation 
facilitates decoupling of the construction supply chain. Paper 1 shows that although the 
construction site is physically decoupled from the supply chain, it is digitally integrated 
through the information system. Based on the smart delivery container, the supply chain 
and the site can be optimized separately within the frames of coordination through the 
digital integration, providing flexibility while at the same time minimizing disturbances to 
distribute, and possibly escalate, in the supply chain and production system. 

4.2 Paper 2: Drivers and Barriers for Technology Adoption: a 
construction project perspective 
The purpose of Paper was twofold. Firstly, to identify the effects of adopting digital 
technologies on the material supply process. Secondly, to identify the drivers and barriers 
from a construction project perspective. To fulfill the purpose, the paper investigates pilot 
tests of three digital technologies in a construction project. The previous research on the 
subject has mainly focused on the technical aspects, and there has been little understanding 
of how individuals in the project and project processes are affected by the technical novelty. 
This is a problem since, for instance, to realize improvements in the adoption of digital 
technologies, re-arrangements in construction sites and supply chains (e.g., on logistics 
processes) are required. 

Paper 2 identifies drivers for why the main contractor should adopt digital technologies, 
barriers when adopting technologies in a construction project, what the effects of adopting 
digital technologies are on the logistics processes, and what is required to improve the use 
of digital technologies. 

This study identifies the drivers for the adoption of digital technologies at the project level 
from a main contractor perspective to be: (a) control function, (b) visibility, (c) 
connectivity, (d) coordination, (e) and process re-engineering. The identified barriers at the 
project level are found to be: (a) low technical quality and (b) complexity of the 
technologies, and (c) the temporariness of projects and supply chains. 

The drivers are the reasons why the construction crew need to use digital technologies. The 
control function relates to a need to access information on the quantity of materials at the 
site to track the project's progress. Also, visibility over the accurate location of materials at 
the site could decrease the waiting time and searching time at the construction site. 
Connectivity, as the third driver, relates to connecting the information on the delivery plan, 
production plan, and site layout plan to enhance flexibility in managing logistics plans. 
Another driver to use digital technologies is coordination which is necessary for an 
effective flow of information on site (for instance, to decrease the risk of releasing the 
orders with a delay and possible stockouts). The final driver, process re-engineering, 
addresses redesigning the traditional, in-efficient logistics processes. 

Concerning barriers, low quality and high complexity were identified as the technical and 
fundamental barriers determining the effectiveness of using the technologies. The third 



  4. Summary of Papers 

25 
 

barrier is the temporariness of construction supply chains that can hinder proper training 
and competence development, specifically for the sub-contractors employed for a limited 
time. 

This study contributes to the research stream of digital technology adoption through 
identifying what the needs and drivers are, and how the technology will affect different 
individuals and operational processes. It is concluded that it is essential to identify barriers 
and how they should be mitigated and identify what enablers and inputs are necessary for 
the adoption to succeed. 

4.3 Paper 3: Lessons Learnt from Pilot Tests of Digital 
Technology Adoption in Construction Projects  
The purpose of this paper was to identify lessons learnt from pilot tests of digital technology 
adoption in construction projects. The purpose is fulfilled by identifying eleven lessons 
learnt from pilot tests of digital technology adoption. These lessons learnt are at the project 
level and need to be transferred from the project organization to the firm organization.  

By investigating the literature on ‘technology adoption’, this paper remarks that adopting 
digital technologies can be an iterative process. Chapter 1 indicates that digital technology 
adoption is described as a process in three stages: investigation, decision, and 
implementation. However, Paper 3 shows that in practice, the decision to implement digital 
technology is shaped based on the lessons learnt from pilot testing of the technologies. 
Construction Industry Institute (2007) defined a lesson learnt, as a piece of knowledge 
gained from experience to improve future performance. Paper 3 also explores the role of 
construction projects in the technology adoption process. Following the investigation stage, 
the technology must be tested in one or several projects. In those pilot tests, the relevant 
construction crew can trial use and examine the technology in terms of quality, 
compatibility, and feasibility. In these pilot tests, the construction project can be considered 
a laboratory, of which lessons learnt should be identified and used in the decision stage. 
The firm will implement or reject the technology based on those lessons learnt (Figure 7). 
There is a distinctive difference between using the technology in the pilot tests and using 
the technology after the implementation stage. Using the technology as a result of the 
implementation stage entails that the technology has been harmonized based on the project 
needs and ensured by both the construction firm and their technology vendor in terms of 
quality, compatibility, and feasibility. This will lead to using the technology to its fullest 
potential across construction projects. 
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Figure 7. An adjusted process to the adoption of digital technologies in construction (Gholami et. 
al., 2022).

The eleven lessons learnt are categorized in three areas.

Context-related:

• the role of pilot tests in the technology adoption process, 
• the interplay between the technology and the project, and
• the interplay between the technology and the users.

Prerequisites:

• a digitalization strategy roadmap,
• an understanding the project context,
• communication among partners, 
• the right mindset and attitude,
• digital readiness, and
• an ecosystem for close collaboration.

Constraints:

• the authority of project managers, and
• slow uptake of digital technologies among the traditional partners.

The main contribution of Paper 3 is the empirically derived and categorized lessons learnt 
from pilot tests of digital technologies in real, ongoing construction projects. Moreover, 
Paper 3 shows how the firm and the project organization shape the technology adoption 
process by focusing on the construction project and highlighting the role of pilot testing 
and iterating learning between the project and the firm level.
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5. Analysis and discussion 
 
This chapter answers the three research questions and addresses how the purpose of the 
study is fulfilled. 

5.1 Answering the research questions 
Research Question 1: What are the drivers and barriers for adoption of digital technologies 
at the project level from a main contractor perspective? 

According to the European Construction Sector Observatory (2021), drivers for the 
adoption of digital technologies in construction projects are broadly related to the domains 
of improving productivity, improving competitiveness, addressing market demands, 
complying with regulations, reducing costs, administrative burden, and corporate social 
responsibility. The identified drivers in this thesis belong to the improving productivity 
domain as the drivers appear through studying inefficiencies in the order-to-delivery 
process and on-site logistics at construction projects.  

The identified drivers for the adoption of digital technologies at the project level from the 
main contractor perspective are: (a) control function, (b) visibility, (c) connectivity, (d) 
coordination, and (e) process re-engineering (Paper 2). These drivers are identified by 
analysing the need for using digital technologies to improve order-to-delivery processes 
and on-site logistics. The identified drivers address why different digital technologies are 
needed in construction projects. For instance, site supervisors need a control function to 
access information on the quantity of different materials at the site to promptly identify 
bottlenecks in the production plan and decrease the risk of stockouts. Also, site supervisors 
and managers need better visibility over the accurate location of materials at the site to 
decrease the waiting time and searching time at the construction site (Paper 2). Similarly, 
connectivity, coordination, and process re-engineering address the need to improve 
information flows on-site and efficiency in the order-to-delivery processes. 

Moreover, five barriers are identified, of which the first two are technology-related, while 
the latter are industry-related. The two identified technology-related barriers at the project 
level are found to be: (a) low technical quality and (b) complexity of the technologies 
(Paper 2). The three industry-related barriers are: (c) the temporariness of projects and 
supply chains, (d) the authority of project managers, and (e) the slow uptake of digital 
technologies among traditional partners (Papers 2 and 3). The identified barriers prevented 
project stakeholders from effectively using the adopted technologies. Table 3 below 
presents an overview of the identified drivers and barriers. 
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Table 3. Overview of the identified drivers and barriers. 

 Identified drivers Identified barriers 
Control function Low technical quality  
Visibility  Complexity of the technologies 
Connectivity  The temporariness of projects and supply 

chains 
Coordination  The authority of project managers 
Process re-engineering The slow uptake of digital technologies 

among traditional partners.  
 
Previous research recognizes low technical quality and complexity of the technologies as 
technology-related barriers to digital technology adoption. However, previous research also 
recognizes upfront investments and lack of financial resources (Chauhan et al., 2021, Nnaji 
and Karakhan, 2020), limited opportunity to pilot test the technologies (Nnaji and 
Karakhan, 2020), and requirements for training and technical support as other barriers to 
digital technology adoption.  The absence of these barriers amongst the identified barriers 
in this thesis could be explained by considering the studied stakeholders. Nnaji and 
Karakhan (2020) remark that upfront investments and lack of financial resources are the 
main barriers for small- and medium-sized construction firms. As the studied stakeholders 
are considered large construction firms, the mentioned barriers were not identified in 
different cases. Similarly, the limited opportunity to pilot test the technologies and 
requirements for training and technical support did not appear as barriers among the thesis 
findings. This thesis identified barriers to adopting digital technologies at the project level. 
Hence, the two mentioned barriers most likely will appear when analyzing the barriers at 
the firm level. 

Research question 2: What are the effects on logistics processes when adopting digital 
technologies in construction projects? 

The identified effects belong to two distinct groups (See Table 4). The first group of effects 
concern changes to the physical goods flow where digital technology adoption re-designs 
the order-to-delivery processes and on-site logistics (Papers 1 and 2). Re-designing the 
order-to-delivery processes and on-site logistics has led to improvements in efficiency (e.g., 
removing time waste in delivery and goods reception sub-processes), coordination, 
workplace environment, and safety, and decreasing material waste (Papers 1 and 2). Also, 
and supported by previous research, the effects of digital technology adoption are seen in 
decreasing delivery and construction time (Chen et al., 2020, Grau et al., 2009), decreasing 
man-hours in the material handling (Bortolini et al., 2019, Wang et al., 2017), and 
decreasing search-times and material transshipments (Wang et al., 2018).  

The second group of effects concerns the accessibility and monitorability of information. 
It has been found that digital technology adoption enables accessing and monitoring of 
information in order-to-delivery processes and on-site logistics. Construction crew, 
material suppliers, and transportation firms can easily access delivery status and proof of 
delivery (See Table 4) (Papers 1 and 2). Similar to the first group of effects, previous 
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research also recognizes that digital technology adoption allows for more accessible 
information to project stakeholders. This results in increased efficiency in tracking delivery 
status (Chen et al., 2020), accessing the information on construction site inventory (Wang 
et al., 2018), and improved visibility on the construction site (Cheng and Teizer, 2013). 

Table 4. Overview of the identified effects. 

Effect group Identified effects 
Re-designing the order-to-
delivery processes and on-site 
logistics. 

• Improving efficiency, coordination, 
workplace environment, and safety. 

• Decreasing time waste in delivery and goods 
reception, and material waste. 

Accessibility and monitorability 
of information. 

• Efficient access to delivery status and proof 
of delivery. 

 

Research question 3: What are the lessons learnt from the adoption of digital technologies 
in construction projects? 

Eleven empirically derived and categorized lessons learnt from pilot tests of digital 
technologies in construction projects have been presented in chapter 4. These lessons learnt 
are categorized into three groups: the context, prerequisites, and constraints for adopting 
digital technologies in construction projects (Paper 3).  

The context describes the point of reference (i.e., a construction project) in which the 
technology is adopted. The first context-related lesson learnt indicates that pilot tests play 
a critical role in the technology adoption process by increasing awareness of the value of 
the technology among the project stakeholders. The second context-related lesson learnt 
indicates the interplay between the technology and the project, i.e., that the technology is 
harmonized between the pilot tests based on the emerging project needs. The third context-
related lesson learnt addresses the interplay between the technology, the users, and how 
different users interact with the selected technology.  

The prerequisites are critical for acquiring resources and identifying activities to adopt 
digital technologies successfully. Thereby, successful adoption of digital technologies 
requires a digitalization strategy roadmap, understanding of the project context, 
communication among partners, the right mindset and attitude, digital readiness, and an 
ecosystem for close collaboration (Paper 3). 

The constraints are contrary to prerequisites describing the factors that inhibit the adoption 
process. At a generic level, the authority of project managers and the slow uptake of digital 
technologies among the traditional partners are considered to be the main constraints for 
digital technology adoption. 

Furthermore, the lessons learnt address how the firm and the project organizations 
reciprocally shape the technology adoption process. The construction firm needs to plan 
and define proper means and time for identifying, formulating, and transferring lessons 
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learnt from the pilot tests to the construction firm. Defining proper means and time for 
identifying, formulating, and transferring lessons learnt is essential for making a more 
informed decision for digital technology adoption. 

5.2 Discussing the purpose 
The purpose of this research project was to formulate recommendations for the adoption of 
digital technologies that enable the main contractor firms to improve logistics processes. 
The recommendations are derived based on the answers of the three research questions and 
the findings from the three appended papers.  

RQ1 has been answered by identifying the drivers and barriers to adopting digital 
technologies at the project level. The identified drivers and barriers play an essential role 
in the technology adoption process since the knowledge generated at the project level 
informs the decision at the firm level, e.g., for the technology selection purposes. In line 
with Sepasgozar et al. (2016), it is argued that a successful technology adoption process is 
driven by identifying the drivers and needs of the project and actors/individuals involved, 
which directly influence decisions for technology selection. Therefore, it is recommended 
that construction firms include site managers and site supervisors in the technology 
adoption process. 

RQ2 has been answered by identifying the effects on logistics processes when adopting 
digital technologies in construction projects. It has been found that general effects of 
adopting digital technologies are (a) re-designing the order-to-delivery processes and on-
site logistics and (b) accessibility and monitorability of information. These effects appear 
since these logistics processes are considered to be sub-optimal. Paper 1 and 2 showcased 
the effects of digital technology adoption as well as improvements associated with the 
technologies in the order-to-delivery process and on-site logistics. However, Sundquist et 
al. (2018) argue that the realization of optimal improvements requires changes in 
organizational arrangements both on-site and in the construction supply chain. However, 
there is a lack of understanding concerning these organizational arrangements in both 
theory and practice. 

RQ3 has been answered by identifying lessons learnt from the adoption of digital 
technologies in construction projects. It has been found that the context, the prerequisites, 
and the constraints for the adoption of digital technologies in construction projects 
influence the process of adoption of digital technologies. Paper 3 presents an analysis of 
the process undertaken by a main construction firm in adopting digital technologies. In 
addition to these lessons learnt, the empirical technology adoption process has indicated a 
lack of understanding of how the lessons learnt must be formulated and transferred from 
the project organization to the firm. It is argued that the responsibility for initiating the 
adoption process, aligning the pilot tests, and transferring the formulated lessons learnt 
from the firm to the upcoming pilot tests is not thoroughly specified. The author, hence, 
argues that lack of specified responsibility leads to a further explanation of why digital 
technology adoption in construction projects has been ad hoc. 
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The findings from the three appended papers, and the answers to the three RQs provide the 
foundation for formulating recommendations to main contractor firms. 

• Recommendation 1: Take advantage of site and project managers' context 
awareness. 

Paper 2 shows that that an interlude exists between drivers, the need to use specific digital 
technologies in construction projects, and a firm’s decision on whether to adopt 
technologies (Son et al., 2015). Moreover, according to Paper 3, project and site managers 
are most aware of the context of construction projects and the inefficiencies that the use of 
technologies can solve. The current practice of technology adoption indicates a disjointed 
link between the construction firm and the construction project, where the knowledge 
residing between the project and site managers is not effectively formulated and transferred 
to the decision makers at the firm. Therefore, the construction firm is recommended to 
exploit the knowledge generated on the project level and bridge the gap between the project 
and the firm for successful technology adoption by specifying means and time for involving 
key stakeholders in the adoption process. 

• Recommendation 2: Define required intra- and inter-organizational arrangements. 

The adoption of digital technologies is bound to changes in traditional business models 
(Chen et al., 2021) and the ecosystem of construction projects, and Sundquist et al. (2018) 
suggest that successful digital technology adoption needs organizational arrangements 
between supply chain stakeholders. Paper 3 acknowledges the need for inter-organizational 
arrangements, implying that a new ecosystem for close collaboration is needed to organize 
the supply chain arrangements to overcome the potential barriers incurred by the 
technology adoption process. However, Paper 3 also recognizes the necessity for specifying 
new roles in the construction firm to facilitate needed arrangements. In other words, 
adopting digital technology requires arrangements both in the supply chain and supply base. 
While a thorough identification of such arrangements is beyond the scope of this thesis, 
these arrangements could be of different types of contracts, partnerships, further 
employment, etc. Overall, as the main contractors are owners of construction projects, it is 
recommended that main contractor firms take the initiative to identify and obtain the 
required arrangements. 

• Recommendation 3: Acquire proper resources and identify support activities. 

Previous research has emphasized the importance of identifying proper resources (Koch et 
al., 2019) and supportive activities (Chen et al., 2021, Goodrum et al., 2011) required for 
the success of digital technology adoption. However, existing research provides little 
information on the main contractor firm's proper resources and support activities. This 
thesis identifies the context, the prerequisites, and the constraints for the adoption of digital 
technologies. The three themes of lessons learnt set the direction for main contractor firms 
to assess their standpoints towards the adoption process and evaluate what resources and 
activities are needed to tackle the challenges in the adoption process for improving the 
construction performance (Cf. Chen et al., 2021).  
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• Recommendation 4: Formulate a digitalization strategy. 

Pilot tests of digital technologies have shown the value of using the technologies in 
improving efficiency, coordination, workplace environment, safety, and decreasing 
material waste. The involved stakeholders in the pilot tests hold a positive attitude and 
understanding of how the used digital technologies improve the overall construction 
process. However, experience indicates a lack of consistency in using the proven digital 
technology from one construction project to the next. Digital technologies are used in single 
construction projects where site managers/project managers decide to use the technology 
to solve a problem. Hence, it is known that there are disjointed efforts by site 
managers/project managers involved in single construction projects towards using digital 
technologies to solve the low construction performance (Lindblad, 2019). 

To rectify the lack of consistency in adopting digital technologies across construction 
projects, a digitalization strategy is needed. The digitalization strategy can improve the 
adoption of digital technologies by defining the scope of technology adoption, identifying 
stakeholders involved at macro and micro levels, and aligning the pilot tests to harmonize 
the efforts in the long term. Therefore, the value of technologies would not be considered 
in isolation in single construction projects, but rather evolved and transferred to every 
construction project owned by the main contractor. 
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6. Contribution  
6.1 Research contribution 
This thesis has been based on three main research areas: construction management, logistics 
and supply chain management, and digital technology adoption. Therefore, the thesis 
findings contribute to the interface of those three research areas. The thesis complements 
the body of knowledge on digital technology adoption in construction by focusing on 
construction projects. Previous research on the subject has mainly taken a construction firm 
perspective, focusing on the benefits digital technology provides for the firm. This thesis 
demonstrates the effects of digital technologies in logistics processes, identifies the drivers 
and barriers, depicts the role of pilot testing and iterating learning between the project and 
the firm level, and proposes an adjusted process for adopting digital technologies in 
construction projects. 

The thesis fills in a knowledge gap by formulating recommendations to main contractor 
firms by taking the project level into account. The recommendations are essential to assist 
main contractors in adopting digital technology on a large scale to improve the construction 
logistics processes. The technology adoption process is described to be an indefinite 
process, where the process is expanded beyond the limited time span of a construction 
project (Jacobsson and Linderoth, 2010). The four recommendations set a direction for 
main contractors to address the ad hoc and inconsistent adoption of digital technologies.  

Moreover, this thesis's findings clarify the path of digital technology adoption for 
increasing construction project performance. The technology adoption process is 
characterized by identifying a problem to solve at the project level. Involving site 
managers/supervisors is necessary to thoroughly identify and confirm the problem and 
specific processes to which the technology will be applied to (e.g., order-to-delivery 
processes). Benchmarking the process without and with using the technology is necessary 
for identifying the effects of digital technology. Identifying how the technology will affect 
different individuals and project processes, what barriers exist, and how they should be 
mitigated is crucial for an adoption to be successful. Moreover, the adoption process 
includes pilot tests and loops between the tests and the stakeholders to harmonize the 
technology to solve the identified problem. Also, the firm should strategically plan the steps 
from the tests to the implementation stage.  

Finally, the thesis also contributes to the construction logistics management research by 
identifying how digital technology can improve construction logistics performance. It has 
been shown that both main contractors and their suppliers were satisfied with the increasing 
productivity of the order-to-delivery process and on-site logistics by eliminating non-value-
added activities. Additionally, the adoption of digital technologies resulted in increased 
efficiency and flexibility in the construction process and improved site safety. 
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6.2 Limitations and Further research 
Due to the case study research design, some limitations concerning the generalizability of 
the identified drivers, barriers, and effects of technology adoption must be considered. 
Specifically, the identified effects are the results of case studies at two construction sites, 
and to be able to draw more general conclusions, more benchmarking of logistics processes 
on other construction projects is needed. 

In this thesis, four recommendations to main contractor firms were formulated by taking 
the project level into account. In light of the findings of this thesis, it is suggested that future 
studies analyse and validate the four recommendations. The following suggestions are 
proposed for future research.  

• Adopting digital technology requires arrangements both in the supply chain and 
supply base. Future research suggests taking different stakeholder perspectives (of 
construction firms, suppliers, technology providers, and sub-contractors) to identify 
what inter and intra-organizational arrangements are needed and how the inter and 
intra-organizational arrangements will affect the current organizational roles. 
Moreover, a suggestion for future research is to dig deeper into how the new 
organizational arrangements can be facilitated.  

• It is recommended that the construction firm acquires proper resources and support 
activities for the success of digital technology adoption. One suggestion for future 
research is to take a construction firm perspective to explain how the resources and 
activities can be identified and acquired. 

• The research project has enhanced an understanding of how digitalization strategy 
can improve the adoption of digital technologies. However, there are question 
marks regarding the content of the digitalization strategy. Therefore, this thesis 
suggests taking a construction firm perspective to formulate the content of the 
digitalization strategy. Furthermore, there needs to be more explanation of how the 
formulated digitalization strategy can be integrated into the operations strategy. One 
suggestion is that future studies analyse the standpoints of the firm towards 
implementing technology from successful pilot tests. 
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