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Facilitating Digital Transformation in
Construction—A Systematic Review
of the Current State of the Art

Ayokunle O. Olanipekun * and Monty Sutrisna

School of Built Environment, Massey University, Auckland, New Zealand

There is increasing implementation of digital technologies in construction. However, the
transformation effects encompassing digital technology implementation are yet to be fully
comprehended within the context of construction. Therefore, this study was aimed to
provide a holistic understanding of digital transformation in construction. The study drew
on extant literature by studying 36 journal publications published between 2016 when
digital transformation emerged in construction from the information systems field and
2020. This led to the development of an inductive framework using a grounded theory
methodology (GTM) to highlight digital transformation in construction as a process where
the implementation of digital technologies creates transformation effects that trigger
strategic considerations for putting in place the enablers that facilitate transformation
effects and for suppressing the barriers to it. Building on the framework, this study
described and presented the strategic considerations for facilitating specific enablers and
those for suppressing specific barriers as digital transformation guideline in construction.
This study demonstrated how the implementation of digital technologies has increased the
understanding of and provided the basis for digital transformation in construction.

Keywords: digital transformation, construction, strategic considerations, enablers, barriers

INTRODUCTION

The construction industry is experiencing an increasing implementation of digital technologies such
as building information modeling (BIM), augmented and virtual reality (AR/VR), laser scanning,
robotics, 3D printing, prefabrication and DfMa platforms, analytics software, blockchain, digital
twins, internet of things (IoTs), and machine learning solutions throughout the built asset lifecycle
(e.g., project, organization, and industry levels) (Ibem and Laryea, 2014; Koch et al., 2019; Singh,
2019). From the overview of academic research, research analysis reveals not only an increasing
implementation but also an adaptation of digital technologies for construction operations
(Oesterreich and Teuteberg, 2016; Morgan, 2019; Pan et al., 2020; Zabidin et al., 2020). Globally,
industry practitioners comprising construction professionals, construction companies, professional
bodies, and government agencies have expressed their preferences for implementing digital
technologies in construction. McKinsey & Company reports that top players in the construction
industry agree that digital technologies are critical to their sustenance (Buisman, 2018), and the
innovative ones are aggressively implementing them (KPMG, 2019). Some of these technologies,
such as BIM, have become the norm in the construction project delivery and on the path to maturity
in many companies (Maskuriy et al., 2019b; Zabidin et al., 2020).

The implementation of digital technologies encompasses transformational effects—known as
digital transformation (DT). Conceptually, DT refers to the changes (or disruptions) that the
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implementation of digital technologies brings to existing business
models, which may be experienced in the construction
production  process, construction companies, and the
construction supply chain (Hausberg et al, 2019; Nadkarni
and Priigl, 2020). The transformation effects of digital
technologies distinguish DT from digitization—which is only
the conversion of analog information (e.g., texts, photos, and
sounds) into digital information (or binary numbers) that can be
encoded by the computer—and digitalization—which is the
broader use of digital technologies to optimize existing
business processes and functions through enhanced
coordination to create more business opportunities and
customer value (Verhoef et al., 2019; Berlak et al., 2020). In
construction, an example is the old 2D designs on paper, which
can now be modeled in 3D using computer-aided designs (CAD)
(digitization). Another example is the federation of CAD designs
from different trades into the BIM common platform that enables
improved project procurement through shared access, clash
detection, scheduling, costing, and analytics (digitalization).
Lastly, the integration of clients in the building procurement
process through augmented interaction with 3D or higher models
or flatter project-organization structure that results from global
access to project information in the BIM platform or the
evolution of new competencies such as construction
informatics are typical examples of transformations resulting
from the implementation of digital technologies in
construction (DT). Based on the examples,
digitization-digitalization-DT appears to be in progression
from a preceding one to a succeeding one. In fact, it has been
suggested that digitization and digitalization are required to attain
DT (Verhoef et al., 2019) (see Figure 1 illustration).

It is notable that the construction industry is close to a “grand”
digital technology implementation (Murray, 2018; Autodesk,
2020), but attempting to progress toward DT will not be easy.
DT is about introducing digital technologies and implementing
the correct technologies by assessing the business needs,
strategizing for the future needs, and developing a roadmap to
the future (Murray, 2018; Shapiro et al., 2019). Therefore, there is
a need to employ a strategic implementation of digital
technologies to facilitate the enablers of DT while suppressing

the barriers against it in construction (Pan et al., 2020). Full-scale
DT has a wide range of benefits at the industry level (through
increased productivity and market share), organizational level
(through sustained competitiveness and lowered costs in
construction companies), and project level (through improved
project performance and safety) in construction (Agarwal et al.,
2016). In terms of the monetary estimate, these benefits can sum
to USD$1.2 trillion in the residential sector alone by 2025
(Gerbert et al., 2016). Meanwhile, DT is not all about positive
outcomes. Negative outcomes such as loss of investments, loss of
jobs, and loss of the identity of the construction industry to digital
technologies are possible, particularly in a construction industry
characterized by fragmentation, lack of replication, transience,
and decentralization, making DT very challenging (Koeleman
et al, 2019). Therefore, DT must be attempted correctly to
maximize the benefits and minimize the negative outcomes.
With the recent aggregation of the literature revealing an
increasing implementation of digital technologies (Maskuriy
et al.,, 2019a; Maskuriy et al., 2019b; Zabidin et al., 2020), the
transformational effects of these technologies will begin to
materialize as DT in construction. Meanwhile, current
research on DT in other fields of knowledge such as
information systems (IS) (Vial, 2019), business economics
(Reis et al, 2018), and interdisciplinary management
(Henriette et al., 2015; Verhoef et al., 2019; Nadkarni and
Priigl, 2020) has not provided an adequate understanding of
DT in construction. Therefore, how construction stakeholders
can respond and adapt to DT is not currently known. This study
aimed to take stock of the current knowledge through a literature
review to provide an understanding of DT in construction. It is
hoped that this study will aid construction stakeholders’ response
and adaptation to DT in construction. The first research objective
is to propose an inductive research approach that employs a GTM
to review the literature. The approach provides an explorative
guideline of research on DT in construction. The second objective
is to identify and describe the following: the strategic
considerations for implementing digital technologies in
construction, the enablers that facilitate DT in construction,
and the barriers that suppress it. The third objective is to
present and describe an illustrative framework of how the
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strategic considerations facilitate and suppress specific enablers
and barriers of DT in construction, respectively. This study offers
two contributions. The first one is a review that integrates current
knowledge on DT in construction. The second one is providing
avenues for developing a guideline for DT in construction.

BACKGROUND

Digital Transformation Concept

The increasing use of digital technologies such as virtual reality
gadgets and smartphones and their tendencies to disrupt existing
business practices and competition landscapes and causing

changes to end wusers’ behaviors in response to the
technologies has been the bedrock underpinning the
conceptualization of digital transformation (DT) in the

literature. There is a wide range of digital technologies that are
implemented in construction, and they can be divided into four
components, including digital data, automation system, digital
access, and connectivity (Dallasega et al, 2018; Heusler and
Kadija, 2018). Digital technologies generate data when used
(Vial, 2019); for instance, wearable sensors and smart meters
are used as a collection point of digital data in construction
(Craveiroa et al, 2019). The automation systems use digital
technologies to create self-organizing systems such as robots
for lifting objects on sites (Berlak et al., 2020) and blockchain
for executable payment to contractors (Li et al., 2019). Deriving
from automation systems is digital access, which is the
opportunity afforded by mobile access to internet networks to
execute solutions in real time such as data analytics and
processing to make on-the-spot decisions or make future
predictions (Berger, 2016; Buisman, 2018; Maskuriy et al,
2019b). Connectivity or network encompasses the linking and
synchronizing separate activities such as 3D model development
and energy-use simulation in the BIM platform (Keskin et al.,
2020) or linking the physical-to-digital-to-physical in
construction using sensors, cloud computing, IoT, augmented
reality, and virtual reality (Craveiroa et al., 2019). Originally, DT
evolves from the domains of business transformation strategy and
IS (Ismail et al., 2017). Business process transformation
establishes new ideas, concepts, opportunities, and competitive
strategies to drive business processes, while the IS domain
employs information and communication technology to trigger
business transformations. As this evolution germinates over the
years, the impact has brought about radical changes in business
management in the project and organizational contexts
(Morakanyane et al., 2017). The changes have been coined
into the buzzword known as digital transformation (DT). DT
can be regarded as adopting digital technologies to optimize
business performance (Henriette et al., 2015). Meanwhile, it is
not just about technologies but the changes taking place due to
the adoption of digital technologies (Verhoef et al., 2019). The
changes or effects are often the creation and addition of value to
the existing business (Hausberg et al., 2019) and sometimes a
reduction in business value. The addition of value could improve
customer experiences of digitally enabled products and services
(Verhoef et al., 2019), enhance employee skills and talents (Ismail
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et al, 2017), and achieve competitive business models
(Morakanyane et al., 2017; Reis et al., 2018). DT can also be
defined in terms of the individual, organizational, societal, and
industry levels where disruptions resulting from digital
technologies’ adoption occur. As the proliferation and
adoption of digital technologies trigger disruptions in the
general society or a specific industry, businesses adopt digital
technologies to alter their value creation process in response to
the disruptions. Therefore, DT is a process whereby digital
technologies play a crucial role in creating and reinforcing
disruptions around with strong consequences for business
performances (Ismail et al., 2017; Reis et al., 2018). Given the
wide range of the digital technologies, DT guideline for
implementing them correctly should be put in place to
maximize their transformation impacts in construction.

METHODOLOGY

An inductive approach to the literature review was selected in line
with the aim of taking the current stock of knowledge to provide
an understanding of DT in construction. This study followed the
procedures advocated by Sutrisna and Setiawan (2016a) and
Wolfswinkel et al. (2013) by employing their procedural steps
adapted from grounded theory methodology (GTM) analysis to
review the literature. As illustrated in Table 1, the guidelines are
divided into six steps and thirteen substeps that guided the review
process, from the definition of the scope of review to the
presentation of findings. In the approach, the outcome in a
step is used to perform the succeeding step (Hausberg et al.,
2019) to ensure a transparent and replicable process of analyzing
the literature on DT in construction (Nadkarni and Priigl, 2020).

Step 1—Setting the Scope of the Review
The scope of this review is to focus on the research contributions
to DT in the construction domain. DT is basically the impact of
digital technology implementation, and it is still unveiling in both
practice and research in the construction sector. Therefore,
focusing on this sector only helped to be sensitive to emerging
concepts in the analysis and obtain in-depth understanding,
instead of focusing on research contributions across
multidisciplinary sectors, such as the work of Verhoef et al.
(2019). Meanwhile, it was recognized that the construction
operates at multiple levels, mainly the project, organizational,
and industry levels. These levels were included in the preliminary/
descriptive analysis to avoid contextual bias. Also, due to the
emerging nature of the subject, no specific time frame was set in
the scoping to allow the date of research publications to emerge
from the data.

Step 2—Selecting Sources of Research

Contributions

In this step, Google Scholar, Scopus, and Web of Science (WoS)
have been identified as the databases to source for data. One of the
reasons was that these databases are domain sensitive; they cover
more quality research publications than other online sources
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TABLE 1 | Grounded theory methodology style of analysis for literature review.
Step

Step 1—Setting the scope of the review
Step 2—Selecting sources of research contributions

Step 3—Selection of keywords
Step 4—Screening process

Step 5—Eligibility
Step 6—Coding structure and analysis

(Chadegani et al, 2013), especially construction research
publications (Maskuriy et al., 2019b). Within these databases,
peer-reviewed journal publications were the main targets.
Compared to conference papers and practitioner reports,
construction journal publications undergo a more rigorous
peer-review process. They, therefore, provide a more valid and
reliable conceptualization of a subject, especially one that is still
emerging as DT in construction. Consequently, academics and
practitioners typically prefer the journal type of publication to
disseminate new findings (Henriette et al., 2015).

Step 3—Selection of Keywords

In this step, a preliminary search in the Google scholar database
was made to identify the keywords and search terms for the
review. It was observed that DT is the generic keyword used in
multidisciplinary disciplines (Verhoef et al., 2019), but it is also
used in describing the impact of implementing digital
technologies in the construction sector [e.g., (Bonanomi et al.,
2019)]. Therefore, a criterion for the search term that includes a
general keyword to account for the impact of the implementation
of digital technologies (“digital transformation”) and a domain-
specific keyword (“construction”) was adopted. The search terms
using the combination of “digital transformation” AND
“construction” were designed to collect data. It was
acknowledged that keywords such as “digitization” and
“digitalization” could be relevant but the search term
combination adequately fits the criterion specified.

Step 4—Screening Process

The search process using the keywords search combination in the
databases generated up to 5797 publications in July 2020. This is a
large number caused by the broad keywords, especially
“construction,” which can convey other meanings than
describing a sector (semantics). The publications were scanned
by title followed by reading the abstracts of those relevant to the
aim of the study (Wolfswinkel et al., 2013; Verhoef et al., 2019).
Because multiple databases were employed, duplications and
peer-reviewed publications that are not journals were filtered.
Examples are conference papers published in ScienceDirect
procedia and Springer publication outlets. Part of the filtration
was removing those publications not written in English to prevent

Digital Transformation in the Construction Industry

Task(s)

Define a domain of research

|dentify a database to source data
Select the type of publication

|dentify a criterion for the search term
Search databases using the search term
Scan publications

Filter publications

Repeat search query

Download publications

In-depth analysis using inclusion/exclusion criteria
Open coding

Axial coding

Selective coding

us from wrong interpretations (Reis et al., 2018). After reading the
abstracts and the filtration, it narrowed down to 151 publications.
Before downloading the publications in the PDF format in the
Endnote, the search query was repeated against them to check
that they are rightly included for a more in-depth review
(Chadegani et al., 2013).

Step 5—Eligibility

As mentioned above, the 151 publications were subjected to a
more in-depth study and analysis using more rigorous inclusion/
exclusion criteria to select publications that qualified for the final
sample as follows: 1) publications were required to primarily
focus and contribute to DT in the construction sector, including
the project, organizational, and industry levels of construction
operation [e.g., Bonanomi et al. ’s (2019) study on the impact of
DT on the organizational structures in large AEC firms];
2) publications were required to use DT as the theoretical lens
of research and may use this theoretical lens: propose hypotheses;
identify the research variables; for data collection; for explaining
research findings; and to drawing conclusions and
recommendations; and 3) publications that are neither 1) nor
2) were excluded; such publications are more practitioner-
centered offering insights on the implementation of digital
technologies to relevant stakeholders [e.g., Deraman et al,
2019; Soman and Whyte, 2020; Zima et al, 2020]. The
eligibility process resulted in a final sample of 36 journal
publications that met the criteria. The publications within the
sample were published within a time frame from 2016 to 2020, 35
of which were published between 2018 and 2020. This indicates
that research on DT in construction is just emerging, deriving
from DT as a topic of research that has only emerged about
5-10 years ago from the broader field of IS (Ismail et al., 2017;
Nadkarni and Priigl, 2020).

Step 6—Coding Structure and Analysis
Following Wolfswinkel et al’s (2013) suggestion, each
publication within the final sample was randomly picked to
code the contents using the coding structure in Table 2.

The coding structure is divided into two parts. The first one is
the descriptive information of the journal publications
comprising three categories, namely, publication field, nature,
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TABLE 2 | Coding structure of the final sample.
Coding structure

Descriptive information of journal publications Publication field

Nature of the study

Context of the study

Concepts/main points of focus

and context of the study. The categories are subdivided into
children categories that provide deeper information about the
publications. Most of the sources are journals aimed to produce
publications on information and technology in construction
(36%). Without undermining the scoping process, five
publications from nonconstruction journals (including
Computers in Industry, where three publications were sourced)
included in the sample are consistent with the selection criteria.
These publications indicate an interest from other disciplines in
DT in construction. Furthermore, 58% (21) of the journal
publications are empirical studies employing quantitative or
qualitative research methodologies, while the rest (15 or 42%)
are conceptual studies. While this contradicts previous findings in
research on DT in other fields (Nadkarni and Priigl, 2020; Reis
et al,, 2018), it suggests more attempts at testing the existing
theoretical foundations on DT in construction. Studies seeking to
conceptualize the field such as this study are necessary to match
the enthusiasm for empirical testing of DT in construction.
Finally, consistent with wider implications of DT in different
contexts (society, organization, industry, and project contexts)
(Keskin et al., 2020; Bharadwaj et al., 2013; Morakanyane et al.,

Digital Transformation in the Construction Industry

Construction Information technology journals in construction
Generic/common construction journals

Information technology

Economics

Health

Empirical Quantitative studies
Quialitative studies

Conceptual

Industry

Organisational

Project

Strategic considerations Process
Collaboration
Learning
Value
Lifecycle

Enablers Choice of digital
Data
Digital champions
Attraction of digital
Training opportunities
Innovativeness
System support
Organization structure
Digital culture
Legitimation
Research

Barriers Data processing

Data access and ownership
System integration
Standardization

ROI uncertainty

Owner buy-in

Older workers

Business models

Digital divide

System attacks

2017), 55% of the publications focused on DT in the construction
industry context, 28% on the project context, and 17% on the
organizational context. Interestingly, most conceptual studies
(13/15 or 87%) focused on the construction industry context.
It further reinforces the emerging nature of research on DT in
construction, commencing with more research conceptualization
of field (conceptual studies) from a higher context, which is the
construction industry context.

The second one is the coding structure for the concepts or
main points of focus in the sample. It is comprised of three
categories, namely, strategic considerations, enablers, and
barriers of DT in construction. Similarly, the categories are
subdivided into children categories. In this step, the techniques
borrowed from the GTM were applied to analyze the texts in the
final sample carefully (Bohm, 2004; Sutrisna and Setiawan,
2016b) to develop an understanding of the literature under
review (Vial, 2019). Therefore, the three techniques of GTM
(open coding, axial coding, and selective coding) were performed.
Open coding is the conceptualization and categorization of
phenomena through an intensive analysis of the data. Axial
coding is exploring and identifying the relationships between
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FIGURE 2 | NVivo explore diagram of the second-order categories.

COLLABORATION

concepts and categories that have been developed in the open
coding process. Selective coding is the integration of the different
categories that have been developed, elaborated, and mutually
related during axial coding into one cohesive whole. Of note is
that selective coding is quite like axial coding, except that it is
carried out on a more abstract level.

The open coding was carried out by interrogating the main
text in the 36 publications regarding the findings, discussions,
concluding parts, and other relevant parts, while also taking notes
to summarize each publication in the NVivo software (Hull, 2013;
Sutrisna and Setiawan, 2016a; Nadkarni and Priigl, 2020). This
led to the first abstraction of the concepts in the sample. Four
hundred and twenty-three (423) first-order categories through
the open coding were identified at this point. In the following
axial coding, there was a search for the meanings and patterns in
the open codes to assemble them into second-order categories in
the NVivo. As an example, the first-order categories such as
“concerns about the exchange of information” and “inconsistent
standards” were placed under a second-order category coded
“Low standardization.” Consistent with GTM to ensure a gradual
discovery, the publications and open codes were revisited
iteratively and noting new insights in a separate document.
The coding instances were much reduced after a round to
retain the 26 second-order categories through axial coding and
presented using the NVivo Explore Diagram in Figure 2.

Selective coding was the last technique that represented the
highest level of abstraction in our coding, where we endeavored to
integrate the second-order categories. It is at this point that we
further reduced the 26 second-order categories into three main
categories. They are strategic considerations, enablers, and
barriers of DT in construction and illustrated in Figure 3.

In line with the GTM, the analysis was designed to ascend
from one level of abstraction per time, commencing with the
descriptive information of the sample, followed by the storyline or
node summary of the main categories and children categories of
the concepts or main points of focus in the sample (open coding,
axial coding, and selective coding). Finally, the mapping tree of
the interaction of the categories is presented to discuss the
findings. This analysis procedure is represented in Figure 4.
Furthermore, as mentioned previously, memoing new insights
in a separate document in the iterations in the coding process was
carried out (Webster and Watson, 2002; Hull, 2013; Sutrisna and
Setiawan, 2016b).

Meanwhile, a separate analysis of the publications was carried
out to reveal construction activity fields and their digital
transformation using an inductive content analysis method.
This method was used in conformity with the earlier inductive
approach to literature review (or data collection) due to the
emergent nature of the subject of investigation (Kyngds, 2020).
The first step involved data reduction—where the first author
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carried out further reading of the 36 publications to identify and
select the ones that focused on the implementation of specific
digital technologies in their analysis. For instance, Craveiroa et al.
(2019) focused on the application of 3D printing for architectural
and engineering designs and was selected. Aghimien et al’s
(2020a) study was not selected for exploring digital partnering
from professional perspectives only. Of the 36 publications, 19 of
them met this criterion and were selected. The second step
involved data grouping where the second author, an
experienced researcher in qualitative studies [e.g., Sutrisna and
Setiawan, 2016b], identified construction activity fields that were

implemented in the 19 publications. This author used MS Excel to
tabulate the digital technologies in “rows” and “construction
activity fields” in columns for cross analysis and descriptions.
The construction activity fields refer to project-based tasks such
as physical construction (Koseoglu et al., 2019) and organization
processes such as interfirm relations (Hetemi et al., 2020) that
feature in project delivery and asset lifecycle. The last step
involved formation of concepts. Both the authors were
involved, using the table produced in the previous step to
extract the applications of digital technologies to specific
construction activity fields in the publications. There was need
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FIGURE 5 | Concepts of DT in construction.

to reconcile construction activity field of application of a digital
technology, for instance, whether BIM is applicable to either one
or both supply chain integration and interfirm relations (Hetemi
et al, 2020). The authors extracted both activity fields and
retained because the same digital technology (e.g., BIM) was
applied to the activity fields in other publications in the sample
[e.g., Berlak et al., 2020].

FINDINGS

Inductive Framework of Digital

Transformation in Construction

The inductive framework condensing the existing knowledge on
DT in construction is presented in Figure 5. As mentioned in step
6 in the methodology section, the framework illustrates the
concepts of DT in construction emerging from the open
coding, axial coding, and selective coding of the sample as
follows. First, DT is the process where the implementation of
digital technologies creates transformational effects. Second, the
transformation effects trigger strategic considerations from the
implementers of digital technologies, which, third, helps to 1) put
the enablers that facilitate transformation efforts in place and 2)
suppress the barriers to the transformation efforts.

Strategic Considerations of Digital
Technologies in Construction

Successful DT requires strategic consideration of digital
technologies (Buisman, 2018; Aghimien et al., 2020a). As
shown in Table 2 and Figures 2, 3, the results of the open
coding, axial coding, and selective coding produce seven strategic
considerations for implementing digital technologies, namely,
process, collaboration, learning, value, lifecycle, choice of
digital, and data. Of note, these considerations point mainly to

“how” digital strategies may be developed to implement digital
technologies in construction rather than specifying actual digital
strategies. They are described in this section, and the summary of
the literature on the strategic considerations is presented in
Table 3.

Process

Process-centric  strategic consideration suggests systematic
implementation of digital technologies and has been found to
foster DT in construction (Li et al., 2019; Aghimien et al., 2020b).
This strategic consideration aligns the implementation of digital
technologies procedurally with the construction project lifecycle
phases (Koseoglu et al, 2019; Morgan, 2019), for instance,
initially implementing BIM in the design and construction
phases and later implementing the tool at the building
operation phase. A study revealed that the process-centric
strategy was employed in the blockchain implementation,
which proceeded in a controlled manner according to project
lifecycle phases (Li et al, 2019). In this manner, the impacts
resulting from the blockchain implementation, such as bypassing
extant regulations, were better controlled and evaluated (Li et al.,
2019). Also, digital technologies can be very disruptive. The
process-centric strategic consideration allows an incremental
implementation of digital technologies, which helps control
the rate of diffusion of implemented technology before
reaching the disruptive stage (Deraman et al., 2019; Morgan,
2019).

Collaboration

The strategic  consideration for  digital technology
implementation should promote collaboration and interaction
among stakeholders in the construction supply chain (Dallasega
et al,, 2018; Craveiroa et al., 2019; Keskin et al., 2020). With
respect to BIM, a recent study found that most stakeholders who
implement it are still immature and often struggle with basic
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TABLE 3 | Summary of literature on strategic considerations.
Strategic considerations

Process (n = 11)

Digital Transformation in the Construction Industry

Sources

Goulding et al. (2018), Heusler and Kadija (2018), Woodhead et al. (2018), Braun and Sydow (2019), Craveiroa et al. (2019),

Koseoglu et al. (2019), Li et al. (2019), Morgan (2019), Aghimien et al. (2020b), Hetemi et al. (2020), and Succar and Poirier

(2020)
Collaboration (n = 14)

Oesterreich and Teuteberg (2016), Dallasega et al. (2018), Heusler and Kadija (2018), Papadonikolaki (2018), Woodhead

et al. (2018), Koseoglu et al. (2019), Papadonikolaki et al. (2019), Singh (2019), Aghimien et al. (2020a), Aghimien et al.
(2020b), Craveiroa et al. (2019), Darko et al. (2020), Hetemi et al. (2020), and Keskin et al. (2020)

Learning (n = 4)
Value (n =9

Dallasega et al. (2018), de Soto et al. (2018), Chen (2019b), and Aghimien et al. (2020b)
Dallasega et al. (2018), Maskuriy et al. (2019a), Craveiroa et al. (2019), Aghimien et al. (2020b), Darko et al. (2020), Greif et al.

(2020), Hetemi et al. (2020), Pham et al. (2020), Tezel et al. (2020), and Winch and Cha (2020)

Lifecycle (n = 8)

Papadonikolaki (2018), Woodhead et al. (2018), Chen (2019a), Koseoglu et al. (2019), Aghimien et al. (2020b), Keskin et al.

(2020), Newman et al. (2020), and Succar and Poirier (2020)

Choice of digital (n = 7)

Data (n = 3)

understanding of how it fosters stakeholder collaboration (Yang
and Chou, 2019). It becomes apparent that strategic
consideration should promote collaboration in a virtual
environment, such as those apparent with the platforms for
BIM tools (Koseoglu et al., 2019). The benefit is a synergistic
working relationship among stakeholders (Dallasega et al., 2018)
and greater project performance (Papadonikolaki, 2018;
Papadonikolaki et al, 2019). In practice, the strategic
consideration that promotes collaboration can be experienced
as digital partnering among project organizations to share digital
resources (Lavikka et al, 2017; Aghimien et al, 2020a).
Furthermore, it could be a technology-enabled collaborative
ecosystem (Aghimien et al., 2020a) where digital technologies
coevolve across software, hardware, products, people, and process
(Singh, 2019; Hetemi et al., 2020; Keskin et al., 2020). Therefore,
the strategic consideration specifies how people and machine can
be connected, especially in large-scale infrastructure projects
(Keskin et al., 2020). This strategic consideration needs to be
in place to guide the implementation of cobots (collaborative
robots) to work with humans in construction environments
(Darko et al., 2020).

Learning

Technology always does change, whereby the starting point is
often discreet and the learning curve is never-ending (Buisman,
2018). Seemingly, new digital technologies are produced on an
incremental basis that often results in subsequent model
upgrades. This creates a need for continuous learning among
digital technology implementers in construction, basically
understanding the new features in upgraded digital
technologies and applying them correctly (de Soto et al,
2018). Therefore, the strategic consideration for continuous
digital learning is necessary and has been found to increase
the understanding of the gaps and solutions to digital
technology applications in design, construction, and operation
phases (Chen, 2019b). The strategic consideration for continuous
learning stipulates the feedback process, whereby lessons learnt
from implemented digital technologies in construction become
inputs for improving future digital technology design and
development (Dallasega et al., 2018; Chen, 2019b). The

Dallasega et al. (2018), Braun and Sydow (2019), Koseoglu et al. (2019), Aghimien et al. (2020a), Newman et al. (2020), Pan
et al. (2020), and Pham et al. (2020)
Woodhead et al. (2018), Braun and Sydow (2019), and Pham et al. (2020)

implementation of 3D printing technology in the
manufacturing sector is considered. Continuous learning
among construction stakeholders has been found useful to
adapt the technology in the construction sector (Chen, 2019b).
Consequently, the technology is gradually becoming domain
specialization in construction (Dallasega et al., 2018).

Value

It is important to identify the quantitative and qualitative benefits
that could be derived from the implementation of digital
technologies in construction (Darko et al, 2020). This
corresponds to value capture and can be achieved by
developing business cases that specify the value added by
using digital technologies in construction (Winch and Cha,
2020). Therefore, strategic consideration for implementing
digital technologies should incorporate business case
development (Tezel et al., 2020; Winch and Cha, 2020). The
business case of digital technologies reveals benefits and/or value
added in the short and long terms. For digital technologies with a
high initial cost, such as 3D printing, the business case should
specify the value added in the long term (Craveiora, 2019). Such
technologies are more likely to deliver higher value when used
over along period (Craveiroa et al., 2019). Similarly, the use of Al
technologies can be costly in terms of money, time, and
complexity; therefore, the business case should be developed to
cover a long-term period (Darko et al., 2020). In sum, business
case development capturing the value of digital technologies is a
strategic way of justifying investment in digital technologies in
construction in both the short and long terms (Greif et al., 2020;
Hetemi et al., 2020).

Lifecycle

Increasingly, digital technologies such as the cloud technology
that support lifecycle project implementation are being produced.
Cloud technology is used for automating lifecycle tasks in
construction (Keskin et al., 2020), such as lifecycle information
exchange, as demonstrated in the work of Succar and Poirier
(2020). Therefore, strategic consideration should envision and
support the implementation of digital technologies over the
project lifecycle. This ensures that the transformation impacts
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can be experienced over the built asset lifecycle (Koseoglu et al.,
2019; Keskin et al., 2020). For instance, the BIM execution plan is
an operational strategy for BIM implementation not just at the
project design stage but throughout the project lifecycle.
According to Papadonikolaki (2018), extending BIM
implementation to the end of the built asset lifecycle through
facility management has increased BIM implementation and
impacts in the construction supply chain and many
construction organizations The consequence, which can also
be observed in IoT implementation, has helped construction
organizations to adapt better to digital evolutions (Woodhead
et al., 2018) that guarantee positive outcomes (Newman et al.,
2020).

Choice of Digital

Implementing digital technologies should not be an arbitrary
choice despite the amazing benefits of enhancing construction
processes (Newman et al., 2020). There should be a deliberate
attempt to identify and select the type of digital investment in
construction (Dallasega et al., 2018; Newman et al, 2020).
Therefore, a strategic consideration that guides the choice of
digital investment is needed. Importantly, strategic consideration
is needed to comprehend diverse digital tools and when they
should be deployed (Newman et al., 2020). This is relevant to
ensure that digital technologies are implemented only where
efficiency of construction tasks can be achieved and vice versa
(Newman et al., 2020). For instance, the potential of using robots
to improve efficiency on construction sites is still shrouded in
uncertainty (Pan et al., 2020) and this has increased the need to
identify the digital technologies that are easier and less
burdensome to implement (Dallasega et al., 2018). Particularly,
in small organizations, digital technologies that are simple and
familiar and better adaptable to the operation process should be a
strategic choice (Pham et al, 2020). Project, time, size, and
duration are additional factors that should be considered in
determining the choice of digital technologies in construction
(Koseoglu et al., 2019). Finally, an entire set of very diverse
capabilities is needed for utilizing new technologies (Braun and
Sydow, 2019; Aghimien et al., 2020a), and the availability of these
capabilities should be strategically considered in the choice of
digital investments in construction (Braun and Sydow, 2019).

Data

Enormous data are increasingly generated in the construction
process (Woodhead et al., 2018). It is of strategic importance to
consider making such data available (Buisman, 2018) from one
technology to another (Pham et al., 2020), from a physical to a
virtual world (Woodhead et al., 2018), and from one construction
phase to another (Braun and Sydow, 2019). This increases the
potential of data analytics in construction, which contributes to
smart management and sound decision making (Woodhead et al.,
2018; Pham et al., 2020). Data-centric strategic consideration is
very relevant for implementing digital technologies such as
drones, robots, and 3D printing to perform tasks on
construction sites without human inputs (Woodhead et al.,
2018). A strategic consideration that specifies the requirements
of such technologies is necessary, for instance, to ensure that they

Digital Transformation in the Construction Industry

are capable of concurrent copying of data streams to multiple
destinations such as a database or analytics engine (Woodhead
et al., 2018).

Enablers of Digital Transformation in

Construction

Enablers facilitate successful/beneficial DT in construction. As
shown in Table 2 and Figures 2, 3, the results of the open coding,
axial coding, and selective produce the nine enablers of DT in
construction, namely, digital champions, the attraction of digital,
training opportunities, innovativeness, system support, and new
forms of organization. Others are digital culture, legitimation,
and research. They are described in this section, and the summary
of the literature on the strategic considerations is presented in
Table 4.

Digital Champions

The implementation of digital technologies in construction
produces digital leaders who are known as digital champions
(Morgan, 2019). Taking an example of BIM implementation,
BIM champions are distinguished from adopters-only by
emphasizing institutional outcomes beyond implementation-
only (Azzouz and Papadonikolaki, 2020), such as digital
knowledge networking (Azzouz and Papadonikolaki, 2020;
Hetemi et al., 2020). Digital champions can be construction
and project leaders who imbibe a strong commitment to
implement digital technologies even when inconvenient (Chen,
2019a; Aghimien et al., 2020b). Such commitment can be
exemplary for operation-level employees in construction
(Berlak et al., 2020) and has been found to motivate them to
become digital champions (Bonanomi et al, 2019). At the
organization level, digital champions have been found to
encourage the interorganizational application of digital
technologies through digital partnerships (Aghimien et al,
2020b). Furthermore, digital champions facilitate DT at the
institutional level, ensuring that the application of digital
technologies by digital agents (users) conforms with
professional institution rules and standards in the construction
industry (Morgan, 2019).

Attraction of Digital

The use of digital technologies has become an attraction point
that accelerates DT in construction due to the possibilities of
performing tasks digitally. With digital technologies, the
construction skill-base is digitally empowered (Craveiroa et al.,
2019), and construction processes are transformed (de Soto et al.,
2018). Studies have identified the emergence of new construction
skills (e.g., construction informatics and block chaining) (Tezel
et al, 2020), displacement of jobs such as traditional cost
quantification (de Soto et al., 2018), and the evolution of new
tasks such as sensor monitoring (Woodhead et al., 2018) as
transformations that emerged following the use of digital
technologies in construction. The enthusiasm for such
transformations is greater among the young generation of
construction employees who are keen to use new technologies
and deploy new ways of working (Pham et al., 2020; Soman and
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TABLE 4 | Summary of inductive literature on enablers of DT in construction.

Enablers
Digital champions (n = 8)

Attraction of digital technologies (n = 17)

Training opportunities (n = 15)

Innovativeness (n = 12)
Third-party support (n = 11)

New forms of organization (n = 15)

Sources

Woodhead et al. (2018), Chen (2019a), Bonanomi et al. (2019), Morgan (2019), Aghimien et al. (2020b), Azzouz and
Papadonikolaki (2020), Berlak et al. (2020), and Hetemi et al. (2020)

de Soto et al. (2018), Goulding et al. (2018), Heusler and Kadija (2018), Woodhead et al. (2018), Braun and Sydow (2019),
Craveiroa et al. (2019), Koseoglu et al. (2019), Li et al. (2019), Papadonikolaki et al. (2019), Singh (2019), Hetemi et al. (2020),
Newman et al. (2020), Pan et al. (2020), Pham et al. (2020), Tezel et al. (2020), and Winch and Cha (2020)

Goulding et al. (2018), Woodhead et al. (2018), Maskuriy et al. (2019b), Koch et al. (2019), Koseoglu et al. (2019), Li et al.
(2019), Singh (2019), Aghimien et al. (2020b), Darko et al. (2020), Greif et al. (2020), Hetemi et al. (2020), Newman et al.
(2020), Pan et al. (2020), and Winch and Cha (2020)

Goulding et al. (2018), Papadonikolaki (2018), Woodhead et al. (2018), Chen (2019b), Maskuriy et al. (2019b), Craveiroa
etal. (2019), Singh (2019), Azzouz and Papadonikolaki (2020), Hetemi et al. (2020), Keskin et al. (2020), and Pan et al. (2020)
Aghimien et al. (2020a); Aghimien et al. (2020b); Berlak et al. (2020); Bonanomi et al. (2019); Braun and Sydow (2019); Chen
(2019b); Newman et al. (2020); Pan et al. (2020); Tezel et al. (2020); and Woodhead et al. (2018)

Oesterreich and Teuteberg (2016), Maskuriy et al. (2019b), Bonanomi et al. (2019), Braun and Sydow (2019), Koseoglu et al.
(2019), Morgan (2019), Azzouz and Papadonikolaki (2020), Berlak et al. (2020), Darko et al. (2020), Greif et al. (2020), Hetemi

et al. (2020), Newman et al. (2020), and Pham et al. (2020)

Culture inclusion (n = 10)

Dallasega et al. (2018), Woodhead et al. (2018), Maskuriy et al. (2019), Koseoglu et al. (2019), Azzouz and Papadonikolaki

(2020), Berlak et al. (2020), Hetemi et al. (2020), Newman et al. (2020), Pan et al. (2020), and Tezel et al. (2020)

External legitimation (n = 8)

Papadonikolaki (2018), Chen (2019a), Koseoglu et al. (2019), Li et al. (2019), Morgan (2019), Papadonikolaki et al. (2019),

Hetemi et al. (2020), and Tezel et al. (2020)

Research potential (n = 6)
(2020)

Whyte, 2020). They strengthen their technical skills and soft skills
such as communication (Braun and Sydow, 2019; Papadonikolaki
et al., 2019; Winch and Cha, 2020), which promotes them from
digital talents to digital agents (Goulding et al., 2018; Azzouz and
Papadonikolaki, 2020). Encouraging the young generation to use
digital technologies to perform construction tasks is key to DT in
construction (Koseoglu et al., 2019). Another key aspect is that
the construction sector is an intellectual space where digital
talents are challenged and cultivated with creative professional
opportunities that lead to DT progress (Singh, 2019; Pan et al.,
2020). This is accentuated by the limited knowledge of
construction in the IT industry, which creates a digital
opportunity for construction professionals and practitioners
(Woodhead et al., 2018).

Training Opportunities

The rise of digital technologies invokes an educative agenda (Li
et al,, 2019), manifested in the form of continuous digital training
(Aghimien et al., 2020b; Hetemi et al., 2020). The training has
increased digital knowledge, skills, and capabilities in
construction (Goulding et al., 2018; Li et al., 2019; Aghimien
et al, 2020b). Intraorganizational (including project
organization) digital training (e.g., facilitated workshops and
meetings) is used to shorten the digital learning curve,
particularly for young people in construction (Koseoglu et al.,
2019; Aghimien et al., 2020b). However, such pieces of training
require outsourced specialists (Koch et al., 2019), which is time
consuming and expensive in BIM training (Newman et al., 2020).
Also, institutionalized training that enables an organic
development of digital innovation industry wide is rising
(Maskuriy et al, 2019b; Azzouz and Papadonikolaki, 2020).
For example, the degree apprenticeship model of
undergraduate education has increasingly been used to
enhance students’ digital capabilities and graduates in the

Oesterreich and Teuteberg (2016), Dallasega et al. (2018), Chen (2019b), Singh (2019), Pan et al. (2020), and Tezel et al.

United Kingdom construction industry (Woodhead et al,
2018). This model underscores the importance of higher
education in the journey toward DT in the construction
industry. Interindustry digital training is increasing in the
construction industry (Goulding et al, 2018; Darko et al,
2020) which, for instance, has been useful to harvest
prefabrication and robotics development skills from
manufacturing and engineering sectors, respectively (Pan et al.,
2020; Singh, 2019).

Innovativeness

The increasing use of digital technologies has created a fertile
environment for construction innovation (Craveiroa et al.,
2019; Pan et al,, 2020). The commonest one is the use of
digital technologies that are primarily domiciled in the
manufacturing sector. It has led to the cultivation of an
interdisciplinary digital innovation environment that allows
construction practices to interface with practices in other
sectors (Chen, 2019b). It has also increased technology
transfer between the construction and other sectors
(Goulding et al., 2018; Singh, 2019). Interestingly, digitally
savvy construction clients have capitalized on the interface
created (Azzouz and Papadonikolaki, 2020) to learn from
other sectors and demand similar digital technology
applications in their projects (Woodhead et al., 2018). It now
represents how construction clients bring innovation to their
projects and, in the process, influencing those involved to use
digital technologies in the project delivery process (Hetemi
et al., 2020). However, innovation can either be positive or
negative. On a positive note, the transformative impact of these
innovations increases the implementation of digital
technologies. On a negative note, an aggressive could trigger
an industry-wide attitude against the use of digital technologies
and impair innovation in the process (Koseoglu et al., 2019).
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Third-Party System Support
The availability of a third-party (system) supports the successful

implementation of digital technologies in construction (Aghimien
et al, 2020b). Sepasgozar and Loosemore (2017) identified
visionaries, innovators, followers, and conservative categories of
the interplay that exist between the stakeholders who manufacture
digital technologies (or vendors) and the customers who use them
in construction. Manufactures who are visionaries provide
installation supports (either online or physically) for digital
technologies procured for construction purposes (Berlak et al,
2020). Such supports from Autodesk solutions have increased the
usage of digital technologies in construction (Newman et al.,
2020). Recently, system support has gradually extended to
benchmarking the impact of digital technologies on
construction performance bottomlines (e.g., productivity and
competitiveness) (Berlak et al, 2020). This has increased
cocreation between innovative (or innovators) construction
stakeholders and manufacturers such as Autodesk to produce
customized digital technologies (Woodhead et al,, 2018) and
transforming existing digital capabilities in the process (Braun
and Sydow, 2019). For robotic design and implementation on
construction sites, cocreation between construction stakeholders
and manufacturers has helped develop real world-class proofs-of-
concept (Pan et al, 2020) by the pragmatists (Sepasgozar and
Loosemore, 2017). Another aspect of system support is when
construction organizations engage in digital partnership with IT
domain organizations (Aghimien et al., 2020a). As demonstrated
in a BIM implementation study (Braun and Sydow, 2019), it is
conservatively engaging in digital partnerships to avail the digital
resources and capabilities that were not present but the key to
successful BIM implementation (Bonanomi et al., 2019; Aghimien
et al., 2020a).

New Forms of Organization and

Restructuring

New forms of organization encompassing project and
organizational relationships, roles and responsibilities, and
organizational structure are necessary to derive the full
benefits of digital technologies and the transformational
impacts in construction (Bonanomi et al.,, 2019; Darko et al.,
2020). Less departmentalized structures allow employees to easily
distribute digital knowledge in construction organizations
(Bonanomi et al., 2019; Hetemi et al., 2020). The size of
construction organizations is important. In both large and
small organizations, it is essential to clarify the ease of digital
technology diffusion in either type (Morgan, 2019; Newman et al.,
2020). Role flexibility that permits construction professionals to
engage other responsibilities beyond their primary domain
enhances DT, especially in large organizations (Bonanomi
et al., 2019; Azzouz and Papadonikolaki, 2020). It allows
practitioners to have more room to draw on individual,
organizational, and institutional resources to innovate freely
(Morgan, 2019). Besides, the flexibility ensures that existing
informal roles and relationships are not destroyed but
properly aligned with new ones (Bonanomi et al., 2019). New
roles such as Chief Digital Office (CDO) (and departments) are
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increasingly created to deliver the transformation impacts of
digital technologies, particularly BIM (Maskuriy et al., 2019b;
Braun and Sydow, 2019; Koseoglu et al, 2019; Azzouz and
Papadonikolaki, 2020).

Digital Culture

Digital technologies can be a source of disruption to existing
operational culture in construction (Newman et al., 2020). To
avoid shocks, digital culture needs to be embedded in the
sociocultural expectations across projects, organizations, and
institutions in the construction industry (Hetemi et al., 2020).
Many studies have shown that BIM implementation is easier
when the implementers’ values, attitudes, and internal practices
are receptive to the digital culture [e.g., Dallasega et al. (2018);
Koseoglu et al. (2019); Azzouz and Papadonikolaki (2020)].
Additionally, such receptive values, attitudes, and internal
practices prevent employee resistance to BIM implementation
(Koseoglu et al., 2019; Newman et al., 2020). Accepting digital
technologies is increasingly becoming a cultural necessity in
construction (Newman et al., 2020), capable of speeding up
DT in construction (Maskuriy et al., 2019b).

External Legitimation

Many digital technologies in construction are not solutions in and
of themselves, which is apparent in blockchain, but becomes a
better solution when integrated with the internet or IoT (Li et al.,
2019). Legitimizing such an integration, both legally and ethically
(Li et al, 2019), prescribes how to properly implement such
digital technologies in an integrated manner (Papadonikolaki,
2018). In practice, construction organizations are responsible for
obtaining such legitimacy (Hetemi et al, 2020) from the
government (Morgan, 2019), whose role has become dominant
(Hetemi et al., 2020). The government is primarily responsible for
issuing directives and national initiatives that promote the
integration of digital services and those that promote the
interoperability of digital technologies (Koseoglu et al., 2019;
Li et al,, 2019). The Norway BIM manual and United Kingdom
BIM level 2 mandate are some of the directives for controlling
BIM instrumentality in the public domain. Deriving from the role
of the government, professional institutions and professional
bodies have also issuing initiatives (e.g., precontract BIM
execution plan) for quasicontractual digital collaboration
(Papadonikolaki, 2018; Papadonikolaki et al, 2019) and
generating a common platform for BIM use among
multidisciplinary actors (Morgan, 2019). Such external
legitimation, either by the government or professional
institutions, has become the guideline for implementing digital
technologies in construction; an example is the use of BIM in
public tendering in Spain (Hetemi et al., 2020). On the downside,
the role of government in legitimizing digital technologies is
focused mainly on BIM in the United Kingdom, the
United States, China, and European countries. In contrast,
other digital technologies in other countries are still left out.
Regardless, a study on blockchain application in construction
speculated that external legitimation through the government’s
role would continue with increasing attention on digital
technologies in construction (Chen, 2019a; Tezel et al., 2020).
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TABLE 5 | Summary of inductive literature on barriers to DT in construction.

Threats

Complex data processing (n = 11)
Data access and ownership (n = 8)

Lack of system integration (n = 13)

ROI uncertainty (n = 12)

Low standardization (n = 8)
Lack of owner buy-in (n = 10)

Displacement of old workers (n = 5)

Sources

Heusler and Kadija (2018), Chen (2019a), Chen (2019b), Koch et al. (2019), Koseoglu et al. (2019), Li et al. (2019), Maskuriy
et al. (2019b), Aghimien et al. (2020a), Keskin et al. (2020), Pham et al. (2020), and Tezel et al. (2020)

Woodhead et al. (2018), Chen (2019), Koch et al. (2019), Koseoglu et al. (2019), Li et al. (2019), Singh (2019), Aghimien et al.
(2020a), and Berlak et al. (2020)

Oesterreich and Teuteberg (2016), Woodhead et al. (2018), Chen (2019a), Chen (2019b), Braun and Sydow (2019), Koch
et al. (2019), Koseoglu et al. (2019), Darko et al. (2020), Greif et al. (2020), Hetemi et al. (2020), Keskin et al. (2020), Succar
and Poirier (2020), and Zabidin et al. (2020)

de Soto et al. (2018), Woodhead et al. (2018), Chen (2019), Koseoglu et al. (2019), Li et al. (2019), Aghimien et al. (2020a),
Berlak et al. (2020), Greif et al. (2020), Newman et al. (2020), Oesterreich and Teuteberg (2016), Tezel et al. (2020), and
Winch and Cha (2020)

Woodhead et al. (2018), Chen (2019a), Craveiroa et al. (2019), Koch et al. (2019), Morgan (2019), Papadonikolaki et al.
(2019), Succar and Poirier (2020), and Tezel et al. (2020)

Dallasega et al. (2018), Woodhead et al. (2018), , Koch et al. (2019), Koseoglu et al. (2019), Aghimien et al. (2020a), Berlak
et al. (2020), Hetemi et al. (2020), Keskin et al. (2020), Newman et al. (2020), and Winch and Cha (2020)

Woodhead et al. (2018), Braun and Sydow (2019), Koseoglu et al. (2019), Maskuriy et al. (2019), and Pan et al. (2020)
Goulding et al. (2018), Woodhead et al. (2018), Koseoglu et al. (2019), Singh (2019), Keskin et al. (2020), and Tezel et al.

Existence of old business models (n = 6)
(2020)
Digital divide (n = 9)

Goulding et al. (2018), Koseoglu and Nurtan-Gunes (2018), Papadonikolaki (2018), Bonanomi et al. (2019), Morgan (2019),

Berlak et al. (2020), Newman et al. (2020), Pan et al. (2020), and Tezel et al. (2020)

Risk of system attacks (n = 5)

Research

The prospects of digital technologies such as robotization of
construction sites, but which are yet to be practicable, have
become the heart of funded research and development in
construction (Pan et al, 2020). Practical implementation of
technologies such as 3D printing has mostly been limited to
field tests (Dallasega et al., 2018). To move forward, academic and
practitioner research and development stands as a key enabler to
demonstrate the practicability of digital technologies more widely
(Chen, 2019b; Pan et al, 2020). While aiming for wider
dissemination, it is better to start exploratorily through limited
trials that academic researchers can present to industry
stakeholders before embarking on practical implementation
(Singh, 2019). Academic research is critical; for instance,
academic researchers can employ theories that interface
multiple disciplines (e.g., computer science) for theoretical
exploration of digital technologies and prescribe those that are
relevant to construction tasks (Singh, 2019; Tezel et al., 2020).
This has created a growing ecosystem of research mavericks such
as Dr. Amos Darko (Darko et al., 2020), who continually focus on
expanding the research potential of digital technologies in
construction (Chen, 2019b; Singh, 2019).

Barriers to Digital Transformation in

Construction

Barriers suppress DT in construction. As shown in Table 2 and
Figures 2, 3, the results of the open coding, axial coding, and
selective coding produce ten barriers of DT in construction,
namely, complex data processing, data access and ownership,
system integration, return on investment uncertainty, and low
standardization. Others are lack of owner buy-in, displacement of
older workers, digital divide, and risk of system attacks. They are
described in this section, and the summary of the literature on the
strategic considerations is presented in Table 5.

Woodhead et al. (2018), Chen (2019a), Maskuriy et al. (2019a), Morgan (2019), and Tezel et al. (2020)

Complex Data Processing

Digital technologies used in project design, construction and
operation, and management operations in construction
organizations generate a large amount of (semantic and
geometric) data that are complex to process and analyze
(Keskin et al., 2020). It is more complex when data need to be
transferred from one digital technology to another (e.g., a sensor
on site to an office server) (Buisman, 2018). The use of Al and ML
techniques has helped process and analyze complex construction
data but not without shortcomings. Real-time data processing
and analytics may not be possible given the lengthy data
preparation involved before the techniques can be used to
obtain valid results (Heusler and Kadija, 2018; Maskuriy et al.,
2019b; Chen, 2019b). One that is apparent with BIM data is the
complexity of processing and analyzing construction data that are
derived from different trades (Keskin et al., 2020). From studies,
this prevents attempts at making sense of BIM data from
constructors and facility managers involved in a large airport
project (Koch et al., 2019; Koseoglu et al., 2019). This is a threat to
DT in construction in the form of isolated digital solutions
instead of embedding digital solutions from different
disciplines (Koseoglu et al., 2019). Concerning the blockchain,
the public blockchain can only process small amounts of data,
limited to few transactions per second (Tezel et al., 2020), which
undermines its integration with smart cities and digital twins
(Chen, 2019a; Li et al., 2019). However, data processing may not
be complex in small organizations that mostly generate small
construction data (Pham et al., 2020).

Data Access and Ownership

Data produced in construction processes are still being treated as
confidential as many construction projects and organizations
struggle to achieve open-data sharing (Aghimien et al., 2020a).
It creates legal issues (Maskuriy et al., 2019a) that are neither
tested nor precedented (Li et al, 2019). For instance, data
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ownership and rights to use data are often tied together to the
detriment of data sharing/access in construction (Chen, 2019a).
Data owners are overly about privacy protection (Chen, 2019a),
and they treat data independently across project delivery (e.g.,
planning data vs. execution data) (Koch et al., 2019; Berlak et al.,
2020). With multiple project phases or multiple departments
involved, it leads to independent data management where data
are barely shared Chen (2019a). Concerning recent BIM
platforms (e.g., BIM 360), they allow data access across project
phases (Koseoglu et al., 2019), but legal and interoperability issues
remain to be fully addressed (Koch et al.,, 2019).

System Integration

Lack of system integration is the nonalignment or incompatibility
of implemented digital technologies in construction (Braun and
Sydow, 2019) and lack of an integrated layer of hardware,
software, information flows, and connectivity (Woodhead
et al, 2018). As commonly experienced in BIM
implementation, the problem is escalated when different trades
use incompatible software packages that are not integrated
sufficiently (or interoperable) (Braun and Sydow, 2019; Koch
et al, 2019). Also, deriving from the interoperability problem is
the limited end-to-end integration of the new generation of
digital technologies (e.g., IoT, blockchains, cloud platform, Al
and big data) across the construction value chain (Chen, 2019a).
It restricts digital technologies to a specific application, focuses on
a singular problem or one use-case (Woodhead et al., 2018), such
as an enterprise management system (EMS) that records the wage
rate of construction workers but not linked to their productivity
on-site (Chen, 2019b). To avert this problem, the practice has
been to combine many point solutions that rarely accept
integrative use of data (Woodhead et al., 2018; Chen, 2019b),
thereby leading to silo solutions (Greif et al., 2020). According to
Zabidin et al. (2020), nonintegration leads to using digital
technologies independently of one another, which decelerates
DT in construction. For instance, a lack of integration between
BIM and IoT prevents the cyber-physical potential and prevents a
bidirectional information exchange between the physical and
virtual environments (Zabidin et al., 2020).

Low Standardization

Compounding the lack of system integration is the lack of
standards (or standardization) to guide the integration of
various digital technologies in construction (Chen, 2019a).
This reduces the choice of digital technologies that are
installed in the technology ecosystem of construction
(Woodhead et al., 2018; Tezel et al, 2020). This problem is
more cumbersome in the building operation phase due to a
lack of standards to guide the integration of digital
technologies (Koch et al, 2019). A plethora of standard
documents, such as the ISO suit of standards (Morgan, 2019;
Succar and Poirier, 2020), has been released to standardize the
integration of digital technologies in construction (Woodhead
et al., 2018; Succar and Poirier, 2020). However, it has resulted in
overstandardization, making it difficult to determine what to
standardize (or not) given the influx of digital technologies
implemented in construction (Succar and Poirier, 2020). Also,
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the ISO standards do not provide adequate guidelines for
integrating digital technologies that overlap sectors (e.g., 3D
printing application in the manufacturing sector) (Craveiroa
et al., 2019; Succar and Poirier, 2020), which is perhaps due to
the gap between the standardization approaches in the product-
oriented manufacturing industry and the process-oriented
construction industry (Succar and Poirier, 2020). In practice,
the lack of standards for integrating digital technologies that
overlap sectors frustrates smart-city development (Chen, 2019a).

Return on Investment Uncertainty

Digital technologies in construction often incur high initial costs
(Newman et al., 2020), and this invokes a notion of quick return
on digital investment (ROI) among adopters (Woodhead et al.,
2018; Berlak et al., 2020). In particular, the owner organizations in
construction are fixated on the notion of benefits realization when
investing in digital technologies (Winch and Cha, 2020).
According to Woodhead et al. (2018), this notion fuels
hesitation because of the uncertainty that often surrounds the
benefits of digital technologies in construction (Oesterreich and
Teuteberg, 2016). The notion encourages “future-safe” rather
than aggressive investment in digital technologies (Woodhead
et al., 2018; Greif et al.,, 2020). Consequently, the fear of loss of
digital investment is created (Woodhead et al., 2018; Aghimien
et al, 2020a) and reinforced by a low-profit margin in
construction (Newman et al., 2020). Hesitation to invest in
digital technologies is greater in small companies due to fewer
incentives to recoup investment (Tezel et al., 2020). Meanwhile, it
is not all gloom as assuredness in the ROI of digital investments
can be achieved. From an analysis of the cost of robots, repetitive
application robots in complex projects only are more
economically competitive (de Soto et al, 2018). Also,
assuredness in the ROI on digital investments increases where
a small amount of data is generated and analyzed (Chen, 2019a).
Large amount of data poses difficulties in the analytics and
increases the operational costs (Chen, 2019a).

Lack of Owner Buy-In

According to Winch and Cha, 2020, the objective of
implementing digital technology in construction should
conform with owners’ requirements and expectations of
project delivery and organization performance. This
guarantees not only owner buy-in in digital technologies
(Hetemi et al., 2020; Keskin et al., 2020) but also the changes
that may occur to the owner project and organization due to the
implementation of digital technologies (Aghimien et al., 2020a;
Berlak et al., 2020). For instance, digital capabilities in the owner
organization need to be functional to support digital technology
implementation (Newman et al, 2020; Tezel et al, 2020).
However, the lack of owner buy-in in digital technologies is
still pervasive in construction and their inability to adapt to the
emerging changes (Koch et al., 2019). Lack of owner buy-in in
digital technologies manifests through their add-on mentality of
digital technologies (Papadonikolaki et al., 2019) and emphasises
the partial implementation of digital technologies (Dallasega
et al., 2018; Hetemi et al., 2020). It should be noted that lack
of owners’ buy-in does not mean an absence of digital technology

Frontiers in Built Environment | www.frontiersin.org

14

July 2021 | Volume 7 | Article 660758


https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Olanipekun and Sutrisna

implementation in owners’ projects or organizations. The issue is
that the use of digital technologies in owner projects (Koseoglu
et al., 2019; Winch and Cha, 2020) has not been optimal due to
the lack of owners’ buy-in (Berlak et al., 2020).

Displacement of Old Workers

Owing to the dynamic development of technology, the
implementation of digital technologies in construction has
introduced digital capabilities that are opaque but, more
worryingly, tied mainly to young people (e.g., construction
informatics) (Braun and Sydow, 2019; Koseoglu et al., 2019).
Contrary to the knowledge management principle (Grant, 2002),
this happenstance continues to displace older people who have
experiential domain knowledge that fosters DT when
appropriately combined with the digital capabilities of young
people in construction (Woodhead et al., 2018). In parallel, part
of the problem is the threat of displacing traditional roles (e.g.,
material inventory) that are commonly handled by older people
on construction sites with digital technologies (e.g., robots)
(Woodhead et al.,, 2018; Pan et al., 2020). This continues to
derail the experiential contribution of older people in
construction. The older people, especially those occupying
strategic positions in project organizations, have been found to
manifest their frustrations by demonstrating opposition attitude
to digital technology use in construction projects (Koseoglu et al.,
2019). The characterization of aging to mean lack of skill (Pan
et al, 2020) without an institutionalized age management
approach to identify digital capabilities among older people is
commonplace in construction and has set back DT efforts
(Maskuriy et al., 2019b).

Old Business Models

The implementation of digital technologies is supposed to lead to
innovative business models (where business and IT are
integrated) that transform the digital construction production
process (Koseoglu et al., 2019; Keskin et al., 2020). This means the
elimination of physical construction (Singh, 2019) in favor of
service-only construction (Keskin et al., 2020), such as IoT-
enabled selling of “buildings as a service” or self-organizing
trades using blockchain (Woodhead et al., 2018). However, it
is impossible, thereby retaining the existing (old) business models
in construction (Tezel et al., 2020). Part of the problem is the lack
of precedence (or use-cases) of the innovative business models in
construction (Singh, 2019; Tezel et al., 2020). This condemns the
innovative business models as a subjective proposition (Goulding
et al., 2018). Trade-off of the existing business models remains a
conflicting issue, especially for the incumbent construction
organizations (Verhoef et al., 2019).

Digital Divide

The digital divide manifests in large and often incumbent
construction organizations having more resources and
influence to exert greater external changes and internal
practices through the application of digital technologies
(Morgan, 2019). Small organizations have the advantage of
adapting faster to changes resulting from digital technology
implementation (Morgan, 2019) but fewer resources and
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influence (Goulding et al., 2018; Papadonikolaki, 2018). As a
result of the digital divide, blockchain’s traceability and
transparency functions are easily translated to business models
in large construction organizations (Tezel et al., 2020). The digital
divide in construction mainly favors/accentuates digital
technology applications in large organizations. This
automatically undermines DT in construction because the
more populated small organizations in construction are left
out (Berlak et al.,, 2020; Newman et al., 2020). Furthermore,
with the dependence between large and small organizations in the
supply chain (Newman al, 2020), an inequivalent
implementation of digital technologies reduces DT in
construction (Craveiroa et al., 2019).

et

System Attacks

The increasing use of digital technologies elevates the risk of
system attacks in construction (Maskuriy et al, 2019a). For
instance, BIM tools are widely used digital technologies in
construction, but very little has been done to secure BIM data
(Maskuriy et al., 2019a). Data security in private blockchains is
still prone to unsolicited data manipulations when applied in
construction (Tezel et al, 2020). The study of smart city
development in China has shown that data and system
security can be very difficult due to persistent leakage in many
digital technologies (Chen, 2019a). The strong potential of data
and security breach (Koseoglu et al., 2019; Morgan, 2019) reduces
client and user trust and confidence in the digital process in
construction (Koseoglu et al., 2019).

Construction Activity Fields and Their

Digital Transformation

The results of inductive content analysis produce six construction
activity fields and their digital transformation, namely,
concurrent designing and printing, construction process
integration, interfirm relations, automated payment systems,
digital construction, and information exchange. These provide
insights into digital transformation in specific construction
activity fields. Digital technology implementation can,
therefore, be focused on the activity fields for increased digital
transformation in construction. They are described in this section
and illustrated in Figure 6.

Concurrent Designing (and Printing)

Architectural and engineering designing is a construction activity
that is actively undergoing digital transformation in the
construction sector. The use of digital technologies has led to
a shift from symbolic 2D drawings (plans, sections, and
elevations) to the creation of objects that could be modeled,
visualized, exchanged, and analyzed within a 3D space. These
characteristics enable the digital transformation of architectural
and engineering designs in construction. As demonstrated in
Craveiroa et al. (2019), the 3D printing technology (using the
extrusion or binder jetting processes) enables the concurrent
designing and construction of concrete and other polymetric
construction elements. Also, Heusler and Kadija (2018) employed
Artificial Intelligence to propose a semiautomatic and generative

Frontiers in Built Environment | www.frontiersin.org

July 2021 | Volume 7 | Article 660758


https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Olanipekun and Sutrisna

Digital Transformation in the Construction Industry

Traditional
programme of
work

Process
Integration

Inter-firm
relations

Inter-firm
dependencies

FIGURE 6 | Construction activity fields and their digital transformation.

Concurrent
designing &
printing '\

2D ‘

payment
system

-

Paper
documentation

design of facade in buildings that are both rule and
intuition based.

Construction Process Integration

The implementation of digital technologies, especially BIM, in
construction project delivery has integrated construction
processes, comprising the people, technology, and processes.
Regarding the people, BIM implementation promotes a “bind”
that may manifest in similar pressures and logics experienced
among the actors in an organization (Hetemi et al., 2020). Also,
BIM implementation leads to streamlining construction
technology ecosystem uses that increase connectivity among
project parties (Keskin et al, 2020). Therefore, BIM
implementation merges the intraorganizational silos in the
construction process and speeds up project delivery (Koseoglu
et al,, 2019; Azzouz and Papadonikolaki, 2020).

Interfirm Relations

Implementing BIM for construction project delivery has
progressed interfirm dependencies toward interfirm relations
in construction. Traditionally, mutual relations that exist
between the organizations in the construction supply chain
create dense interfirm dependencies. However, concerning
digital information sharing, interfirm relations imbibe a
network view of innovation, which manifests conditionally. As
found in the work of Papadonikolaki (2018), BIM
implementation that is internally motivated (e.g., increase the
quality of service) leads to more collaborative and flexible

relations with other BIM implementers. Otherwise, an
externally motivated BIM implementation (e.g., gain market
reputation) leads to competition that prevents smooth
interfirm relations (Papadonikolaki, 2018). Furthermore, BIM
implementers that share similar motivations produce more
consistent project outcomes (Papadonikolaki, 2018). Interfirm
relations exemplify a seamless digital technology organization to
create transformational impacts in the construction supply chain
(Morgan, 2019).

Automated Payment System

Effecting payments to vendors and linking them to contracts is
also a construction activity experiencing digital transformation
in the construction sector. Although blockchain (or Distributed
Ledger Technology (DLT)) is still being experimented with in
many instances, it is almost generally accepted technology for
automating payments and contracts in construction (Tezel
et al,, 2020). Li et al. (2019) introduced the “Project Bank
Accounts” (PBA) that was initiated in the United Kingdom as
an electronic bank account set by the client (and the main
contractor) to ring-fence funds for different contractors by
putting the funds into a trust. Once a contractual obligation is
completed, payments are automatically made by the clients
directly and simultaneously to the main contractor and vendors
associated with the PBA (Tezel et al., 2020). Similarly, smart
contracts can embed funds into a contract to protect
contractors and vendors from insolvency and could effect
payments upon automation.
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Digital Construction
The automation of excavation, movement of Earth, erection of

forms or structures, purchase of materials and equipment, and

other physical construction activities are increasingly
implemented using digital technologies. For instance,
robots have been implemented for residential wall

construction (Berlak et al., 2020). Research has shown that
robots increase productivity in concrete wall construction
through efficient cost and time completion (de Soto et al,,
2018). Another study reveals that BIM enhances project
organization and controlling (Koseoglu and Nurtan-Gunes,
2018). Integrated teams using the BIM digital environment
can respond immediately to project demands (Berlak et al.,
2020). Therefore, BIM provides a digital construction
management approach for construction managers
(Koseoglu and Nurtan-Gunes, 2018). Furthermore, Greif
et al. (2020) reveal the application of digital twins for
automating construction site logistics. The study

demonstrated the transformation of bulk silos for material
storage through the application of digital twins.

Information Exchange

Digital technologies such as sensors used in construction project
delivery generate data, which activates data/information
exchange among integrated project team members. There is a
significant loss of useful project information with a lack of a
platform for information exchange or incompatible information
exchange platforms (Koch et al., 2019). Increasingly, information
exchange frameworks such as the “Lifecycle Information
Transformation and Exchange (LITE)” framework is used for
defining, managing, and integrating project and asset lifecycle
information (Succar and Poirier, 2020). The LITE framework
demonstrates the transformations possible with information
exchange in construction. These include information flows
from physical to digital assets, between small and large assets,
and between assets within and beyond construction domains.
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Other possible transformations are information exchange at
different scales, such as single information exchange activity or
a set of activities, information exchange in a project delivery
phase or complete project delivery phases, or the whole asset
lifecycle.

DISCUSSION

This review reveals the contributions that research has made
toward an understanding of DT in construction. The inductive
framework also highlights DT in construction as a process where
the implementation of digital technologies creates transformation
effects that trigger strategic considerations for putting in place the
enablers that facilitate transformation effects and suppressing the
barriers to it. Therefore, using a diagrammatic illustration
(Figure 7), the strategic considerations for facilitating specific
enablers and suppressing specific barriers to transformation
effects in construction were presented. Furthermore, they are
described in the following section to serve as DT guideline for the
implementers of digital technologies in construction. In practice,
it is expected that the guideline will help construction
stakeholders to respond and adapt to DT in construction.
Acknowledging that the DT guideline should be domain
sensitive (Korachi and Bounabat, 2020), the previous studies
on how to use DT guidelines in the IT, automation, financial
services, and media sectors (Chanias and Hess, 2016; Chanias,
2017) were sector specific and did not specify guidelines for DT in
the construction sector as suggested in the following.

Process. This strategic consideration facilitates two enablers of
DT in construction, namely, new forms of organization and digital
culture. Both the enablers relate to internal processes that foster
(or hinder) organization objectives (including project
organization). Among incumbent construction organizations,
particularly the small ones, the diffusion of digital technologies
is important to ensure that all internal members are involved in
the implementation (Shibeika and Harty, 2015). This strategic
consideration emphasizes the process approach to diffuse digital
technologies, such as whether a digital technology should be
trialed among a segment of people in an organization before
extending it to other segments in the organization. Similarly, the
strategic consideration emphasizes on a process-centric approach
to embedding the digital culture that shapes the implementation
of digital technologies among internal members in construction
organizations. Furthermore, this strategic consideration
suppresses only a barrier of DT in construction, namely,
displacement of older workers. Specifying a process for
identifying digital capabilities corresponding to age reduces the
tendency to regard older workers as digitally naive in
construction.

Collaboration. This strategic consideration facilitates six
enablers and suppresses three barriers of DT in construction.
Therefore, it is considered the most influential strategic
consideration in this study. The six enablers are digital
champions, training, innovativeness, and systems support.
Others are legitimation and research. Digital champions are
often in leadership positions and strongly motivated to help

Digital Transformation in the Construction Industry

others understand the benefits and implementation of digital
technologies (Grand Union Holding Group, 2020). This strategic
consideration emphasizes the collaborative use of digital
technologies among professionals, projects, and organizations,
allowing digital champions to have greater influence. Both
training and innovativeness enablers reiterate how the
transformation effects of digital technology implementation
overlap construction and other sectors such as the
manufacturing sector. To this end, the emphasis on
collaboration helps to bridge the gaps in digital technology
implementation between the construction and other sectors.
Regarding system support, it emphasizes after-sales support
from product manufacturers and can extend to cocreation
between manufacturers and product users in construction with
appropriate collaboration strategies. Cocreation leads to the
production of customized digital technologies in construction
(Woodhead et al., 2018). Both legitimation and research enablers
reiterate the construction stakeholders, including government
and professional entities, who work together to ensure the
integrated functioning of digital technologies. Strategic
collaboration among these stakeholders ensures that beneficial
DT is achieved in construction (Ezeokoli et al., 2016).

Furthermore, the three barriers are data access and ownership,
lack of system integration, and low standardization. Regarding the
legality of data access and ownership, the strategic considerations
that promote collaborative use of digital technologies foster joint
ownership of data and prevent users from independent data
management (Pauwels et al, 2017) with significant legal
implications (Fan et al., 2018). Also, regarding the lack of
system integration, increasing digitization through a
technology-enabled collaborative ecosystem reduces software
incompatibility and point solutions in  construction
(Woodhead et al, 2018). Consequently, it increases the
standardization of digital technologies and ease of
implementing them in construction.

Learning. This strategic consideration facilitates two enablers
of DT in construction, namely, the attraction of digital and
training. Regarding the attraction of digital, the strategic
consideration specifying model updates and upgrades creates
opportunities to learn new things from the implementation of
digital technologies. Also, it is a key attraction for young
construction employees (Soman and Whyte, 2020). Also,
regarding training, model updates and upgrades raise the need
for digital training in construction. Meanwhile, this strategic
consideration suppresses only a barrier to DT in construction,
namely, displacement of older workers. The strategy that promotes
inclusive digital training helps older workers increase their digital
capabilities and obtain their inputs in digital learning.

Value. This strategic consideration suppresses only a barrier to
DT in construction, namely, ROI uncertainty. It emphasizes the
development of the business case for digital technologies, which
in the case of BIM helps identify the benefits derivable, thereby
removing the fears of loss of digital investment (Reddy, 2011; Raji
et al., 2020).

Lifecycle. Like the value strategic consideration, this one also
suppresses only the DT’s ROI uncertainty barrier in construction.
This strategic consideration overviews digital technologies as a
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long-term investment that extends over the project and
organization lifecycle. This consideration quells the notion of
quick ROI on digital investment in construction.

Choice of Digital. This strategic consideration facilitates an
enabler of DT in construction, namely, training. It emphasizes
choosing the digital technologies that can be easily implemented,
which shortens the digital learning curve for the implementers in
construction. Also, this strategic consideration suppresses a
barrier to DT in construction, namely, lack of owner buy-in.
The strategic consideration emphasizes aligning the choice of
digital technologies to the objectives of project owners to serve as
motivation to increase their investment in digital.

Data. This strategic consideration facilitates an enabler of DT
in construction, namely, research. The emphasis is to make data
from digital technologies available when implemented, and this
increases the potential for further digital research in construction.
Furthermore, this strategic consideration suppresses three
enablers of DT in construction, namely, complex data
processing, data access and ownership, and risk of system
attacks. Regarding data processing and data access and
ownership, this strategic consideration emphasizes making
data available across platforms and project phases to ease data
analytics and decision making and enhance data sharing and
data dependency. Also, making data available should encompass
data breach and security measures for preventing system attacks
(Chong and Diamantopoulos, 2020).

This study identified that the implementation of digital
technologies divided into digital data, automation system,
digital access, and connectivity components had increased the
potential of digital transformation in construction. The existing
knowledge of digital transformation in other sectors such as IS
and business economics does not provide an understanding of
digital transformation in construction. However, with increasing
literature on the implementation of digital technologies, this
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study took stock of the knowledge through an inductive
literature review to provide an understanding of digital
transformation in construction. Following the inductive
review, the inductive framework that was developed highlights
digital transformation in construction as a process where the
implementation of digital technologies creates transformation
effects that trigger strategic considerations for putting in place the
enablers that facilitate transformation effects and suppressing the
barriers to it. Subsequently, the variables of strategic
considerations, enablers, and barriers identified from the
review were described. Finally, the strategic considerations for
facilitating specific enablers and suppressing specific barriers
were discussed and presented as digital transformation
guidelines in construction using an illustration (Figure 7).
This study concluded that the implementation of digital
technologies has increased the understanding of and provided
a solid basis for digital transformation in construction. Also, the
digital transformation in construction activity fields is concurrent
designing and printing, construction process integration,
interfirm relations, automated payment systems, digital
construction, and information exchange. Regarding research
limitation, the findings were obtained from 36 journal
publications. However, it was acknowledged in this article that
the subject and the research about it are still emerging. Therefore,
this study employed an inductive review approach that isolated
conference publications to obtain quality findings. Also, the
approach helped in capturing the relevant concepts in the
emerging field.
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