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Abstract: The construction industry has long been perceived as reluctant to embrace change, and
digital transformation is not an exception. The slow adoption rate has been linked to the perceptions
of the effectiveness of construction innovations. An implied link exists between digitalisation and
productivity improvements. However, such a link is yet associated with ambiguities, suggesting
that the influence is not linear. Despite the very low productivity rates achieved in the construction
industry, studies on the association between technology adoption and productivity-related benefits
and advantages are rare, and this may be a contributing factor to the indecision of construction
firms to embrace digitalisation. A systematic literature review enables scholars to disseminate past
research efforts in one scholarly resource, in pursuit of new knowledge. Through systematically
reviewing the literature, this study identifies, classifies, and critically analyses research efforts,
aiming to shed light on the mediators of the relationship between digitalisation and productivity.
Overall, sixty articles have been identified, screened, and included in this study. Productivity,
in this context, is positively related to digitalization, by promoting more safety and well-being,
planning enhancements, collaboration, waste reduction, employee upskilling, design enhancements,
communication and knowledge transfer, and accuracy in information management. The findings also
reflect the popular use of qualitative methods when studying digitalisation in the construction context,
a stance that may be a reflection of a less diverse use of methodological approaches, and presents a
call for more quantitative studies, to explore the relationship between digitalisation and productivity.
Future research is encouraged to use this extensive review as a foundation for comparable empirical
investigations, considering areas of similar interest, to accelerate the adoption of digitalisation.

Keywords: digitalisation; productivity; construction innovation; digital technologies

1. Introduction

The benefits of digitalisation in construction cover a range of critical areas, address-
ing environmental objectives [1,2], such as waste reduction [3], safety objectives such as
minimising workplace risks [4], management objectives such as controlling time [5], and
planning objectives in monitoring construction processes [6]. Moreover, scholarly studies
indicate the role of digitalisation in fostering both communication [7], and collaboration [8].
The need for digitalisation is increasing amidst the pressure on the construction industry
to address its longstanding challenges. Chiefly, such change is driven by the ability of
digitalisation to meet these new targets [9]. Alwan and Ilhan Jones [10] stress this, and shed
light on the ways that digitalisation can offer to overcome and contain key construction
challenges. However, despite the benefits created by the adoption of innovative tech-
nologies [11], there is a lack of consensus among construction firms to heavily invest in
digitalisation [12]. The adoption of digitalisation in construction is slow, and this has been
linked to the lack of studies that justify the need for digitalisation in construction [12,13].
Despite the demonstrated benefits offered by research, the adoption of digitalisation in
construction is still far from achieving a satisfactory rate [14]. One of the key aspects argued
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to drive the adoption of such technological innovations, is the substantiated enhancement
in productivity [15]. In the construction context, the low uptake of digitalisation is linked to
the unawareness of construction professionals of the positive influence of digitalisation in
enhancing productivity [16]. Hence, it is logical to state that, illuminating the influence of
digitalisation on productivity, may help to achieve a common understanding that favours
digitalisation in construction firms.

Despite the global effort to enhance productivity rates of the construction indus-
try in the past 20 years, only a 1% gain in productivity has been recorded [14,17]. Ar-
guably, digitalisation is associated with myriad benefits that can influence better produc-
tivity [18], however, limited studies exist to communicate this influence [19], emphasising
the need for research to investigate the relationship between digitalisation and produc-
tivity. Stojanovska-Georgievska et al. [14] call for investigations to explore the benefits of
digitalisation and the relative advantages connected with its adoption on construction
productivity. Due to digitalisation’s contemporary nature in the construction sector [16,20],
studies identifying the benefits and values are limited, and this may be driving less in-
terest for a fundamental transformation [21]. Demirkesen and Tezel [13] call for future
studies to address the issue of the unawareness, and ignorance, of construction firms
towards acknowledging the benefits associated with digitalisation. Hence, such reasoning
motivates the authors to conceptualise the relationship between digitalisation and produc-
tivity through the lens of previous research efforts, synthesising this knowledge for a new
research objective.

Exploring the correlation between digitalisation and productivity would lead to a
theoretical contribution to both research and practice. The adoption of innovations has been
a widely researched subject matter, capturing the interest of scholars for decades [22–24].
Chiefly, the element where adopters perceive the innovation as advantageous, has been
argued to be a significant predictor for an innovation’s diffusion [25]. An application of the
diffusion of innovation (DOI) theory to examine the readiness of the construction sector’s
social system to embrace digital change, reveals the need to better communicate the benefits
among social members, rather than solely relying on their technological readiness [26].
Similarly, a critical success factor for the adoption of technologies is directly linked to
envisioning a common meaning among the key stakeholders [27], e.g., the key benefits and
maturity factors [28]. An understanding, therefore, of the key abilities of innovation, by
extending its tangible benefits, may help to justify the low adoption rates [29,30].

Overall, the literature lacks robust explorations that identify the relationship between
digitalisation and its influence on productivity. This can be explained by the nonlinear
influence of this relationship, being more complex than it is simplistic [31]. Digitalisation is
believed to significantly enhance productivity [32]. Such a complex relationship has been
illuminated in industries relevant to construction, e.g., manufacturing [33], health [34],
and agriculture [35]. Research efforts, however, have been limited, when studying the
relationship in the construction setting [17]. Therefore, a research gap exists, to justify a
qualitative exploration that can build a theoretical understanding of the mediators that
exist between the use of digitalisation and productivity, in a construction context.

Reviewing the literature has been described as effective in detailing digitalisation’s
benefits and explaining the dynamics behind the influence of digitalisation in construction
firms [17]. Moreover, the recognition of the benefits associated with digitalisation may
critically influence construction firms’ adoption rates and presumed decisions [17]. Hence,
there is a critical need for research to explain, and detail, the influence of digitalisation
on the productivity of construction, as this may lead to a more favourable adopter per-
ception. Knowing that the purpose of a systematic literature review is to filter and sum
the relative available studies in relation to a specific research question, this study utilises
this approach to unravel the digitalisation–productivity conundrum, in the construction
context. Our understanding of what constitutes the mediators orchestrating the relationship
between digitalisation and productivity is lagging, presenting an opportunity to address
this knowledge gap. Our qualitative exploratory method, therefore, focuses on examining
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recent research efforts, to shed light on the influence of digitalisation on productivity in the
construction sector. The following sections present the choice of the method used, followed
by the findings and analysis of the included data. The objectives of this study are to:

• Explore the characteristics of previous digitalisation research in the construction context.
• Identify the themes in which digitalisation is excelling at positively influen-

cing productivity.
• Formulate a conceptualization of the identified mediators for empirical investigation.

2. Materials and Methods

A systematic literature review method enables scholars to achieve a higher level of
conceptualization, compared to independent studies [36]. Reviewing and analysing past
works is a method that allows researchers to systematically approach a subject matter [37].
The use of this method has increased in popularity, due to its transparent and less biased
approach in analysing past data towards one dominant research gap [38]. Moreover, such
a methodology choice enables the authors to summarise and articulate previous works,
while aligning with a new primary aim [39]. Hence, this section details and substantiates
the research’s methodological process.

2.1. Stage 1: Identifying the Data Source

A systematic review starts with selecting a database of academic contributions [40]. In
this paper, the database chosen is Scopus, due to its wide coverage of the literature and
global reputation [41]. The search reflects a range of published articles in the last ten years
and has led to the inclusion of sixty publications from reputable journals. It is worth noting,
that the authors are not trying to convey that older publications hold less merit, but simply
stating that this study includes publications from the last ten years, where digitalisation
in construction research has gained momentum [42], offering the required comprehensive
overview. The cited references are all indexed and can be tracked throughout the database.
The reliability of effectively selecting a database to offer scholarly metadata, has been
described as vital in review papers [43]. Such a key attribute encourages the choice of
Scopus as the main database to explore peer-reviewed publications [41]. Such a choice
aligns with Boyle [44], p. 148, who states that Scopus is the “largest single abstract database
in the world”, offering a broad exposure to multidisciplinary resources [45], and aligning
with comparable research studies [46]. Additionally, a manual search of similar search
codes with other databases, such as Web of Science and Google Scholar, led to the articles
already included in this paper. Figure 1 depicts a PRISMA diagram, that details the four
main stages of the process. Overall, the number of articles included is sixty, these have
been explored and related to the study’s aims and objectives; this number is deemed to be
sufficient to pinpoint the key assumptions.

2.2. Stage 2: Rationalising the Search

The search process adopts keywords that are used in recent comparable reviews touch-
ing on the same subject [47–50]. The search terms included the keywords “digitalisation”
OR “digitalization” AND “construction” OR “built environment” OR “productivity”, which
ensured that the authors are reflecting results from both the American and English contexts,
and can relate the context of each article to the objectives of this study. Articles included
are subject to exclusion if, upon careful screening, they are determined to be (a) based on
a non-construction subject, (b) within a ten-year interval, and (c) not realising merit in
relating digitalisation to construction productivity, e.g., infer relatable findings that suggest
the same. The key merit of systematic literature reviews, compared to other review types,
is the inclusion of comparative studies in isolation from the vast available literature and
data [51]. To achieve this, an inclusion–exclusion criterion is utilized, to limit the review to
the most relevant publications, even if the exclusion supersedes 90% of all articles emerging
from the search [52]. Thus, the criteria has been developed in line with the guidelines
implied by Krnic Martinic [53], which ensures that, (1) articles included are highly relative
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to this study’s purpose, i.e., digitalisation in construction, and (2) the results of the study
included can be seen as fitting into the overall context of this study, i.e., identifying the
relation between the higher use of digitalisation with respect to productivity enhancements.

Figure 1. PRISMA diagram.

The first Scopus search was conducted in August 2022, which enabled insights and
inclusion of the most recent publications. The condition to include recent studies has been
argued as a key characteristic of reviews, to communicate new and contemporary studies
to the readers [54]. The first stage included reducing the number of articles from the initial
search from 1117 to 341, which was achieved through the metrics offered by Scopus. The
tool collectively filters a large number of results, in line with limitation options such as
subject area, i.e., construction, document type, i.e., journal paper, language, i.e., English,
and publication stage, i.e., final. Such conditioning parameters have been described as
highly credible in limiting studies to a number that can then be manually screened in
full-text [55]. Moreover, VOS viewer has been utilised to depict the relationships, which is
common in comparable digitalisation studies [56] (see Figure 2).

2.3. Stage 3: Classifying the Themes

This paper comprises sixty articles, a number that drove the adoption of a thematic
approach, to classify the findings into relative themes. Such analysis choice allows the
authors to extract and analyse secondary data from the literature [57]. Data are then
classified, in isolation from their original contexts, based on the trends emerging between
them [58]. The study adopts the procedure where patterns of repetitive nature are grouped
into themes, and then related to the overall aim of the study [59]. Trends and patterns,
hence, are indicators of potentially important relationships in systematic reviews [60].
A thematic content analysis extracts meanings from such trends, and is effective when
analysing large amounts of secondary data [57]. Such an analysis criterion, therefore,
adds consistency to classifying the literature into common themes and genres, concerning
the subject area being explored [61]. Thematic analysis is commonly used in systematic
reviews, to identify themes based on patterns within the data [62]. Such an approach
becomes particularly effective in textually synthesising large quantities of qualitative
data [40]. Subsequently, the integration of the findings would act as a summary of the
derived meanings, as additional contributions beyond the initial independent intention
of these studies. Hence, this study applies a thematic analysis approach, to reveal the
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themes that can inform the relationships between the use of digitalisation and productivity
enhancements in the construction context.

Figure 2. Keyword co-occurrence based on the included articles (60 publications).

3. Results and Discussion

As shown in Figure 3, the number of publications that reflect an interest in digitalisa-
tion is increasing over time, as the interest tends to extensively emerge at the start of 2020,
sustaining an upward trend ever since. Such attention by academics and researchers is not
surprising, as the more publications that cover digitalisation in the construction context,
the more we realise the importance and potential of these contemporary advancements [63].
In terms of the distribution of articles among the peer-reviewed journals, Figure 4 shows
that most of the research has been published in Buildings, Sustainability, and Construction
Management and Economics, all of which are highly rated journals. The articles with respect
to their countries, are shown in Figure 5.

Ehwi et al. [64] opined that the majority of publications in the niche of construction
innovations utilised a quantitative approach. To verify this in the context of this paper,
each of the included papers has been classified into three methods of research use, namely;
qualitative, quantitative, and mixed methods, based on their choice. In contrast with previ-
ous reviews, the review’s findings reveal that 68% of the research methods are qualitative
in nature, implying the popularity of these methods when investigating digitalisation in
the construction context. Moreover, the findings expose the limited application of the-
oretical approaches, with only 11% of the included articles utilising theories to explain
and interpret their contributions. Articles using theories were limited, and included Lap-
palainen et al. [65] (who used situational awareness theory); Aghimien, Aigbavboa, Oke,
and Aghimien [21] (who applied institutional theory); Hewavitharana et al. [19] (the theory
of planned behaviour); Aghimien et al. [66] (the unified theory of technology adoption
and use of technology); and Sommarberg and Mäkinen [67] (the theory of disruptive inno-
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vation). Hence, we can infer the relatively low interest in recent research efforts to apply
theories in their digitalisation context.

Figure 3. Publication date against article count.

Figure 4. Journal distribution against article count.

This paper follows a systematic literature review process to explore the mediators
orchestrating the relationship between digitalisation and productivity. A thematic analysis
is subsequently applied, enabling the authors to classify the mediators and promote a range
of in-depth discussions. The following subsections include safety and wellbeing, planning
enhancements, collaboration, communication, design enhancements, waste reduction,
skill development, and error minimisation. The emergence of the themes is not linked to
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any pre-determined set of constructs, but are rather inductively identified based on the
trends and patterns of the discussions, as opposed to deductive analysis. Such themes,
therefore, represent key focus areas to link digitalisation with productivity, where each
theme represents a mediator that contributes to this relationship, as shown in Figure 6.

Figure 5. Journal distribution by country.

Figure 6. Conceptualisation of the mediators between digitalisation and productivity.

3.1. Safety and Wellbeing

The literature identifies a relationship between the level of safety and well-being of
the stakeholders involved in construction projects, with the level of productivity. Orzeł and
Wolniak [68] indicate that the comfort and well-being of employees became known during
the pandemic, in which the power of using digital tools to sustain an acceptable rate of
work was forced into effect by construction organisations. Tentatively, the higher the level
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of well-being achieved, the higher the productivity rates. Hallin et al. [69], p. 5, discuss that,
‘doing things by hand’ does not foster a safe and productive work environment, a stance
that is effectively minimised through the use of technologies. Digitalisation, in this context,
is linked to reducing the number of accidents on site, as it offers an extended ability of
monitoring, and alerts higher management and supervisors upon the emergence of a safety
concern [17,70,71]. Another aspect associated with the relationship between digitalisation
and construction productivity is the comfort of the stakeholders. Digitalisation makes
processes more intelligent, synchronising activities to be more efficient, which meets the
goals necessary for stakeholders’ comfort and well-being [50]. Hence, a relationship exists
between the ability for digitalisation to improve employees’ safety and well-being, which
are characteristics of a productive environment.

The dangerous environment of the construction industry is due to the naturally
associated heavy activities and the need for machinery and equipment with a track record
of causing causalities and impacts in a work environment. Digitalisation promotes a less
labour-intensive line of work, where hard and risky work conditions are dealt with by
systems, having a minimum influence on human lives, thereby, offering a safer workplace
that stimulates productivity [18], p. 214. Productivity, in the same context, is also enhanced
by the lower dependency on safety supervision and management, due to fewer physical or
hazardous activities [69]. The enhanced uptake of digitalisation, moreover, would enable
organisations to collect more accurate human data and reflect more informed decisions,
relevant to making workplaces and sites safer [72]. Digitalisation’s link to productivity
enhancements, therefore, can be argued to emerge through the values it offers in fostering
employees’ safety and well-being.

3.2. Planning Enhancements

The analysis of the selected articles reflects a relationship between digitalisation and
planning enhancements, informing a potential mediator effect on productivity. Liu et al. [73]
discussed that this relationship exists amidst the complex nature of construction tasks, as
digitalisation tends to shape networks that can support effective and efficient planning.
Effective planning means that fewer tasks would be discarded, as all activities are tracked,
due to this extended ability of digitalisation [74–76]. Another influence on planning in
construction, is the ability of digitalisation to offer a database of information that can reflect
precise planning decisions [62,65]. This means that decision-makers can anticipate the
events that cause disruption much more easily, in contrast to traditional situations, due to
the clarity associated with the availability and reach of the information [77,78]. Empirically,
Zheng et al. [79] indicate the effectiveness of digitalisation in achieving critical time savings,
this is proposed to be due to effective planning achieving, alone, a staggering rate of over
three months of time reduction. Similarly, Barkokebas et al. [12] discuss a case study, in
which a 47% time reduction in tasks is exclusively linked to digitalisation. Hence, we can
conclude that planning is another potential key mediator shaping the positive relationship
between digitalisation and productivity.

3.3. Facilitating Collaboration

Facilitating collaboration between construction project stakeholders is another aspect
that can highlight the relationship between digitalisation and productivity. The use of
digitalisation is said to communicate transparent and traceable information to parties
involved in a construction project, and by doing so, yield better collaboration [47]. The role
that digitalisation can play in nurturing collaboration among construction groups can be
hardly limited to one aspect, due to the wide power of technologies to better connect parties
involved [14,17,80]. Technically, collaboration is enhanced through exploiting digital data
and the ease of sharing the said data across several platforms, with minimum redundancy
or information loss [49]. Empirically, Lappalainen et al. [65] studied a case in which
digitalisation has proven effective in bridging the gap between multiple stakeholders at
different levels, at an event that fostered collaboration and succeeded in addressing clients’
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needs. The influence of digitalisation in promoting collaboration could be linked to clarity,
ease of sharing, and accuracy, all of which are key determinants that foster connectedness
and increase accountability. Aghimien et al. [81] indicate the importance of rolling out such
benefits initially, and at an early stage, to ensure these capabilities are effectively harvested.
Another dimension digitalisation conveys, in addition to the above, is trust among parties
and peers. Scholarly research reiterates the stance that digitalisation is associated with an
enhanced level of trust, a key aspect that supports effective collaboration [82,83]. However,
despite the evidence suggesting collaboration is critically supported by a higher level
of digitalisation, research is still limited in providing a wider empirical proof of this
relationship [75,84], however, the more digitalisation that is effectively embedded in a
construction organisation, the more collaboration is tentatively sensed, and in turn, the
higher the productivity.

3.4. Waste Reduction

The relationship between waste reduction and productivity has transpired as a theme
in the collected articles. Li et al. [47] discuss that a focus on waste reduction reflects a
movement towards a smarter built environment, linking such attributes with the character-
istics of smart cities. Overall, this theme aims to unravel the relationship between waste
reduction and productivity enhancements. The literature has explained this relationship
to the benefits associated with waste reduction, beyond the environmental aspects, where
Aghimien et al. [66] underline that the lower the waste, the more the efficiency. This means
that the characteristic of a productive environment is the existence of an effective waste
management system, that substantiates and measures waste in construction [85]. Similarly,
Säynäjoki et al. [86] indicated the influence of waste management on driving cooperation
and motivating reforms in existing business models. Digitalisation, therefore, may be de-
scribed as a pioneering innovation towards more waste reduction [87], where it extends the
industry’s ability to repair its bad reputation, regarding its lag in sustainability [88], which
in turn, motivates more productivity [11]. Hence, in this subsection, we aimed to reveal the
linkage between reducing waste and productivity, a relationship that is well-defined in the
existing literature.

3.5. Drive Employee Skill Development

The employee skill development theme transpires to inform us of the connection
between digitalisation and productivity. Employee skill development is represented by the
pressure imposed on employees to develop and thrive, in order to embrace the changing
environment and respond to the competitive nature of their roles. A competitive drive is
described as an advantage, as it encourages skill improvement, and subsequently, drives
more efficiency in a job [89]. The emergence of digitalisation, therefore, could be looked at
through two different lenses, one being a threat to current roles [18], and another being a
potential opportunity that drives development [9]. The former may be explained by the
capabilities of digitalisation to reduce the number of workers on site [77], while the latter
perceives digitalisation as a potential that would ensure employees are radically developing
their skills [90–92], where future recruitment would then focus on the employment of
competences in the workplace [69]. Digitalisation, in this context, is argued to motivate the
upskilling of employees, through seeking information and knowledge, as an attempt to
adapt to a new reality and sustain their roles. This stance will create a more robust social
system of employees within firms, in terms of skills and knowledge, motivated by the
fear of job loss, but has a significant influence on enhancing productivity, through skill
intensity [93].

An adequate fostering of digitalisation, however, calls for measures to ensure the
correct flow of information upon employee development. The literature underlines the
need for firms to support their employees in this transformation, through continuous webi-
nars and educational materials, which would facilitate awareness and knowledge among
peers [66,78]. Similarly, Nikmehr et al. [11] emphasised the importance of restructuring
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and firm modifications, that would facilitate digitalisation among employees. Jacobsson
and Linderoth [94] discussed that, among the champions fostering the drive for digitali-
sation are new graduate students. The critical role of new graduates in communicating
positive trust and confidence in digitalisation is argued to be a driver for other peers in
the social system. Arguably, the nature of digitalisation dictates an interplay between a
spectrum of disciplines, where a strategy may be needed to build and harmonise employ-
ees’ capabilities [67]. The relationship between the firm and its employees has a complex
interaction, with interchangeable influences, calling for an adequate focus on the internal
processes to support the external change, and not vice versa, through effective leadership
and management [84]. A transformation, indeed, may be perceived as challenging [13].
Productivity enhancements, however, may act as a sufficient purpose, that can foster and
drive employee development in the construction industry [17]. Hence, digitalisation has
been argued to drive and encourage employee development, which is a key element that
influences productivity.

3.6. Design Enhancements

The enhancements in design to the overall construction productivity, are another
feature facilitated by digitalisation. Firstly, Orzeł and Wolniak [68] studied the extended
potential offered by digitalization, to promote designers’ remote working, a potential
that meant higher productivity, compared to the traditionally limited co-working work-
places. Digitalisation enables companies to track real-time design progresses and make
informed managerial decisions accordingly [65,95]. Similarly, Alwan and Ilhan Jones [10]
and Nikmehr et al. [11], described how decisions that lead to reducing carbon in the design
phase, are directly linked to the values offered by digitalisation. Productivity, herewith, is
sensed in the design phase by the ease of data transfer within key models [96], promoting
critical interactions with designers and other parties [97]. This aligns with what has been
underlined by McNamara and Sepasgozar [75], on the power of digitalisation to enable
fewer clashes within designs and with dealing with complex data, all of which can be
linked back to the influence of digitalisation on productivity.

Productivity, as apparent in studies, is positively related to the use of digitalisation.
The benefits of digitalisation through productivity extend to reflect myriad benefits. For
instance, the influence of design enhancements due to digitalisation has been linked to up
to 21% of savings [14]. Such usage is not limited to a single software, digitalisation is rather
enhancing the design phase, with improvements that range to cover digital photogram-
metry [98], building information modelling (BIM) [14], geographic information systems
(GIS) [49], and visualisation [97]. The adoption of such a variety of digital tools is where
the merit lies. However, digitalisation is argued to still be far from being widely compre-
hended by design companies [84]. Enhancements in the key design phase have traced and
well-recorded benefits on productivity in the subsequent phases, hence, pinpointing the
role of digitalisation in indirectly influencing productivity through this mediation variable.

3.7. Communication and Knowledge Transfer

A key characteristic of digitalization, is the ability to drive better communication and
facilitate knowledge transfer, all of which are key aspects that ensure adequate productivity.
Säynäjoki et al. [86] touch on this, by describing that the attribute of a digitalised business
is the distinguished distribution of data. Data transfer is argued to be minimal in the con-
struction context [16,99]. The use of digitalisation, nevertheless, is directly linked to critical
enhancements to communication, as the ease of work offered due to this, has influenced
greater comfort for construction employees [68]. The higher effectiveness of communication
and knowledge transfer due to the use of digitalization, can be explained by the technical
capabilities of the adopted tools, proving competent in capturing data [70], accurately
reporting project issues [74], and securely storing delicate information [9,100]. For instance,
Ayat et al. [77], p. 667, used the word “localisation”, to describe the ability of digitalisation
to pinpoint communicational benefits. Communication and knowledge transfer, therefore,
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extends the managerial abilities to be well briefed on all aspects influencing a productive
environment, and accordingly, allowing informed actions [72,93].

The transformation towards digitalization, means a transition from a workplace that
is centred around documents, to one more focused on information [101]. This theme
reflects the literature’s contributions and implications, by reiterating the novelty associ-
ated with the higher use of digitalisation on productivity through communication. In
addition, to the above values and impacts on communication and knowledge trans-
fer, Barkokebas et al. [12] proposed the ability to exploit the ease of reaching data of
more value, by minimising rework and meeting client’s requirements, another deter-
minant that links digitalisation with productivity. Therefore, we can acknowledge that
the bridge between this theme and the level of digitalisation is the methodical inter-
action among stakeholders and the ease of exchanging and tracing credible data [87].
Gharouni Jafari et al.’s (2021) statement corroborates that of Ozturk [102], by addressing
the key phases of dealing with data in a digitalised environment, reporting these as cap-
turing data, storage, and sharing of information. It is logical to state that digitalisation
accumulates knowledge [82], increases communication [75], and motivates knowledge
transfer [17]. Hence, digitalisation drives better communication and knowledge transfer,
and in turn, drives productivity enhancements.

3.8. Accuracy and Error Minimisation

The ability to ensure accurate information and minimal recorded errors within a
workplace are key for adequate productivity. Digitalisation, albeit broader in the sense
of peculiarity, has been extensively discussed within the studies, as the main cause for
an accurate flow of information [98,103,104]. For instance, Shahzad et al. [70] explained
how digitalisation extended the capabilities of information management, which led to the
retrieval of key behavioural information and the application of the same, in virtual means.
To understand how digitalisation influences productivity, it is imperative to understand
the challenges imposed by the inaccurate flow of information. The challenges elucidated
from the publications extracted for this study, include the problematic nature of accurately
diagnosing the factors that impact productivity, and making decisions to enhance produc-
tivity, uninformed by a higher involvement of humans in the process [72]. Accuracy, in
this sense, is the minimal involvement of the human factor, that is considerably linked
to errors and inaccurate data transfer [69]. Bazán et al. [96] indicated that digitalisation’s
existence yielded a consensus among entities on the minimal concerns that would influence
the accuracy of data, reflecting the confidence such innovation can impose on construction
stakeholders. The assurance that data is being transmitted accurately, through effective re-
porting, 3D visual potential, and information tracing [82], can all represent the effectiveness
of digitalisation in enhancing productivity in the construction context. Thus, minimising
errors and reaching broader accuracy can be seen as a mediator between productivity
enhancements and the higher use of digitalisation.

4. Conclusions and Further Trends

This study aimed to disentangle the means which may be undermining the uptake
of digitalisation in construction organisations, due to the difficulty of achieving common
nomenclature when evaluating its effectiveness. The key assumption in this study, is that
existing research efforts are of an “out of sight” nature, inhibiting a clear and direct relation
to informing decision-makers on the values of digitalisation concerning productivity. The
study addressed transpiring concerns and reviewed significant recent publications, to pave
the way for an empirical investigation.

From the critical analysis of sixty articles, the findings suggest eight themes that are
conceptually correlated, and deemed critically relevant, to be placed as mediators of the
influence of digitalisation on construction productivity. These are, safety and well-being,
planning enhancement, collaboration, communication, design enhancement, waste reduc-
tion, skill development, and error minimisation. Each of the identified mediators has a track
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record in enhancing productivity, as substantiated in the literature. Our findings suggest
that the use of qualitative methods of research dominates the included publications. A
stance that may delimit a diverse use of methods and may require considering quantitative
means to capture and investigate digital adoption. Moreover, the findings inform on the
nature of the circular narrative of the emerging themes relative to digitalisation, implying a
regenerative stance influencing productivity in the construction sector.

This review concludes that it is assumed that the emerging interest in digitalisation will
largely shape construction management research in the near future. Such interest is evident
in the increasing number of publications meant to address the role of digitalisation in the
construction industry. Therefore, future research efforts must focus on the effectiveness and
adoption of digitalisation in the construction context, as these means are proving to have a
considerable ability to address the construction challenges that have, for decades, bedevilled
both practice and research. Future studies in the forte of construction digitalisation are
expected to place this exploratory review as a foundation, where the provided mediators are
to be empirically validated and tested in terms of influence and significance, this includes
verifying these groupings, identifying the measuring determinants, and clustering the
themes into larger groupings, through exploratory and confirmatory analysis. Moreover,
future studies are encouraged to explore the flow of other construction innovations in
relation to their adoption in a complex social system like the construction industry, areas
of interest may include 3D printing, offsite construction, and other innovations that are
effectively benefiting from the broader uptake of digital innovations.

Author Contributions: S.L.Z.: conceptualization, methodology, writing—review and editing, vi-
sualization, supervision. A.M.S.: conceptualization, methodology, formal analysis, investigation,
writing—original draft preparation, visualization. T.O.: writing—review and editing and visualiza-
tion. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Carvalho, J.P.; Bragança, L.; Mateus, R. Sustainable building design: Analysing the feasibility of BIM platforms to support

practical building sustainability assessment. Comput. Ind. 2021, 127, 103400. [CrossRef]
2. Too, J.; Ejohwomu, O.A.; Hui, F.K.P.; Duffield, C.; Bukoye, O.T.; Edwards, D.J. Framework for standardising carbon neutrality in

building projects. J. Clean. Prod. 2021, 373, 133858. [CrossRef]
3. Gulghane, A.A.; Khandve, P.V. Management for Construction Materials and Control of Construction Waste in Construction

Industry: A Review. J. Eng. Res. Appl. 2015, 5, 2248–962259.
4. Biggs, H.C.; Williamson, A.R. Safety impacts of alcohol and other drugs in construction: Development of an industry policy and

cultural change management program. Assoc. Res. Constr. Manag. 2012, 1, 445–454.
5. Asiedu, R.O.; Adaku, E.; Owusu-Manu, D.G. Beyond the causes: Rethinking mitigating measures to avert cost and time overruns

in construction projects. Constr. Innov. 2017, 17, 363–380. [CrossRef]
6. Olbina, S.; Elliott, J.W. Contributing project characteristics and realized benefits of successful BIM implementation: A comparison

of complex and simple buildings. Buildings 2019, 9, 175. [CrossRef]
7. Duan, R. Research on the Efficiency Path of Civil Construction Management Engineering Based on BIM Technology. In Proceedings

of the 2020 6th International Conference on Hydraulic and Civil Engineering, Xi’an, China, 11–13 December 2020; Volume 643.
[CrossRef]

8. Gholami, E.; Sharples, S.; Shokooh, J.A. Exploiting BIM in Energy Efficient R efurbishment: A paradigm of future opportunities.
In Proceedings of the Sustainable Architecture for a Renewable Future, Munich, Germany, 10–12 September 2013; Volume 2.

9. García de Soto, B.; Turk, Ž.; Maciel, A.; Mantha, B.; Georgescu, A.; Sonkor, M.S. Understanding the Significance of Cybersecurity
in the Construction Industry: Survey Findings. J. Constr. Eng. Manag. 2022, 148, 04022095. [CrossRef]

http://doi.org/10.1016/j.compind.2021.103400
http://doi.org/10.1016/j.jclepro.2022.133858
http://doi.org/10.1108/CI-01-2016-0003
http://doi.org/10.3390/buildings9080175
http://doi.org/10.1088/1755-1315/643/1/012019
http://doi.org/10.1061/(ASCE)CO.1943-7862.0002344


Buildings 2023, 13, 839 13 of 16

10. Alwan, Z.; Ilhan Jones, B. IFC-based embodied carbon benchmarking for early design analysis. Autom. Constr. 2022, 142, 104505.
[CrossRef]

11. Nikmehr, B.; Hosseini, M.R.; Martek, I.; Zavadskas, E.K.; Antucheviciene, J. Digitalization as a strategic means of achieving
sustainable efficiencies in construction management: A critical review. Sustainability 2021, 13, 5040. [CrossRef]

12. Barkokebas, B.; Khalife, S.; Al-Hussein, M.; Hamzeh, F. A BIM-lean framework for digitalisation of premanufacturing phases in
offsite construction. Eng. Constr. Archit. Manag. 2021, 28, 2155–2175. [CrossRef]

13. Demirkesen, S.; Tezel, A. Investigating major challenges for industry 4.0 adoption among construction companies. Eng. Constr.
Archit. Manag. 2022, 29, 1470–1503. [CrossRef]

14. Stojanovska-Georgievska, L.; Sandeva, I.; Krleski, A.; Spasevska, H.; Ginovska, M.; Panchevski, I.; Ivanov, R.; Arnal, I.P.;
Cerovsek, T.; Funtik, T. BIM in the Center of Digital Transformation of the Construction Sector—The Status of BIM Adoption in
North Macedonia. Buildings 2022, 12, 218. [CrossRef]

15. Ninan, J.; Sergeeva, N.; Winch, G. Narrative shapes innovation: A study on multiple innovations in the UK construction industry.
Constr. Manag. Econ. 2022, 884–902. [CrossRef]

16. Leontie, V.; Maha, L.G.; Stoian, I.C. COVID-19 Pandemic and its Effects on the Usage of Information Technologies in the
Construction Industry: The Case of Romania. Buildings 2022, 12, 166. [CrossRef]

17. Regona, M.; Yigitcanlar, T.; Xia, B.; Li, R.Y.M. Opportunities and Adoption Challenges of AI in the Construction Industry: A
PRISMA Review. J. Open Innov. Technol. Mark. Complex. 2022, 8, 45. [CrossRef]

18. García de Soto, B.; Agustí-Juan, I.; Joss, S.; Hunhevicz, J. Implications of Construction 4.0 to the workforce and organizational
structures. Int. J. Constr. Manag. 2022, 22, 205–217. [CrossRef]

19. Hewavitharana, T.; Nanayakkara, S.; Perera, A.; Perera, P. Modifying the unified theory of acceptance and use of technology
(UTAUT) model for the digital transformation of the construction industry from the user perspective. Informatics 2021, 8, 81.
[CrossRef]

20. Ejohwomu, O.A.; Chan, P.W.; Lu, Y. Guest editorial. Eng. Constr. Archit. Manag. 2021, 28, 1345–1354. [CrossRef]
21. Aghimien, D.; Aigbavboa, C.; Oke, A.; Aghimien, L. Latent Institutional Environment Factors Influencing Construction Digital-

ization in South Africa. Int. J. Constr. Educ. Res. 2022, 18, 142–158. [CrossRef]
22. Dulaimi, M. The climate of innovation in the UAE and its construction industry. Eng. Constr. Archit. Manag. 2022, 29, 141–164.

[CrossRef]
23. Gledson, B. Enhanced model of the innovation-decision process, for modular-technological-process innovations in construction.

Constr. Innov. 2022, 22, 1085–1103. [CrossRef]
24. Zhi, M.; Hua, G.B.; Wang, S.Q.; Ofori, G. Total factor productivity growth accounting in the construction industry of Singapore.

Constr. Manag. Econ. 2003, 21, 707–718. [CrossRef]
25. Rogers, E.M. Diffusion of Innovations LK, 5th ed.; Free Press: New York, NY, USA, 2003; 551p. Available online: https://leedsbeckett.

on.worldcat.org/oclc/52030797 (accessed on 12 March 2023).
26. Gledson, B.J.; Greenwood, D. The adoption of 4D BIM in the UK construction industry: An innovation diffusion approach. Eng.

Constr. Archit. Manag. 2017, 24, 950–967. [CrossRef]
27. Robert, K.; Ola, L. Reflexive sensegiving: An open-ended process of influencing the sensemaking of others during organizational

change. Eur. Manag. J. 2021, 39, 476–486. [CrossRef]
28. Adekunle, S.A.; Aigbavboa, C.; Ejohwomu, O.; Ikuabe, M. Digitisation Era. Buildings 2022, 12, 45.
29. Akgün, A.E.; Keskin, H.; Byrne, J.C.; Lynn, G.S. Antecedents and consequences of organizations’ technology sensemaking

capability. Technol. Forecast. Soc. Chang. 2014, 88, 216–231. [CrossRef]
30. Edwards, D.J.; Akhtar, J.; Rillie, I.; Chileshe, N.; Lai, J.H.K.; Roberts, C.J.; Ejohwomu, O. Systematic analysis of driverless

technologies. J. Eng. Des. Technol. 2022, 20, 1388–1411. [CrossRef]
31. Leviäkangas, P.; Mok Paik, S.; Moon, S. Keeping up with the pace of digitization: The case of the Australian construction industry.

Technol. Soc. 2017, 50, 33–43. [CrossRef]
32. Wang, K.; Guo, F.; Zhang, C.; Schaefer, D. From Industry 4.0 to Construction 4.0: Barriers to the digital transformation of

engineering and construction sectors. Eng. Constr. Archit. Manag. 2022. [CrossRef]
33. Gaglio, C.; Kraemer-Mbula, E.; Lorenz, E. The effects of digital transformation on innovation and productivity: Firm-level

evidence of South African manufacturing micro and small enterprises. Technol. Forecast. Soc. Chang. 2022, 182, 121785. [CrossRef]
34. Jabali, A.K.; Waris, A.; Khan, D.I.; Ahmed, S.; Hourani, R.J. Electronic health records: Three decades of bibliometric research

productivity analysis and some insights. Inform. Med. Unlocked 2022, 29, 100872. [CrossRef]
35. Fuentes, S.; Gonzalez Viejo, C.; Tongson, E.; Dunshea, F.R. The livestock farming digital transformation: Implementation of new

and emerging technologies using artificial intelligence. Anim. Health Res. Rev. 2022, 23, 59–71. [CrossRef]
36. Campbell, R.; Pound, P.; Pope, C.; Britten, N.; Pill, R.; Morgan, M.; Donovan, J. Evaluating meta-ethnography: A synthesis of

qualitative research on lay experiences of diabetes and diabetes care. Soc. Sci. Med. 2003, 56, 671–684. [CrossRef]
37. Popay, J.; Roberts, H.; Sowden, A.; Petticrew, M.; Arai, L.; Rodgers, M.; Britten, N.; Roen, K.; Duffy, S. Guidance on the Conduct of

Narrative Synthesis in Systematic Reviews: A Product from the ESRC Methods Programme; Lancaster University: Lancaster, UK, 2006.
[CrossRef]

38. Crossan, M.M.; Apaydin, M. A multi-dimensional framework of organizational innovation: A systematic review of the literature.
J. Manag. Stud. 2010, 47, 1154–1191. [CrossRef]

http://doi.org/10.1016/j.autcon.2022.104505
http://doi.org/10.3390/su13095040
http://doi.org/10.1108/ECAM-11-2020-0986
http://doi.org/10.1108/ECAM-12-2020-1059
http://doi.org/10.3390/buildings12020218
http://doi.org/10.1080/01446193.2022.2037144
http://doi.org/10.3390/buildings12020166
http://doi.org/10.3390/joitmc8010045
http://doi.org/10.1080/15623599.2019.1616414
http://doi.org/10.3390/informatics8040081
http://doi.org/10.1108/ECAM-06-2021-991
http://doi.org/10.1080/15578771.2020.1838973
http://doi.org/10.1108/ECAM-07-2020-0492
http://doi.org/10.1108/CI-02-2021-0021
http://doi.org/10.1080/0144619032000056126
https://leedsbeckett.on.worldcat.org/oclc/52030797
https://leedsbeckett.on.worldcat.org/oclc/52030797
http://doi.org/10.1108/ECAM-03-2016-0066
http://doi.org/10.1016/j.emj.2020.10.007
http://doi.org/10.1016/j.techfore.2014.07.002
http://doi.org/10.1108/JEDT-02-2021-0101
http://doi.org/10.1016/j.techsoc.2017.04.003
http://doi.org/10.1108/ECAM-05-2022-0383
http://doi.org/10.1016/j.techfore.2022.121785
http://doi.org/10.1016/j.imu.2022.100872
http://doi.org/10.1017/S1466252321000177
http://doi.org/10.1016/S0277-9536(02)00064-3
http://doi.org/10.13140/2.1.1018.4643
http://doi.org/10.1111/j.1467-6486.2009.00880.x


Buildings 2023, 13, 839 14 of 16

39. Petticrew, M. Systematic reviews from astronomy to zoology: Myths and misconceptions. Br. Med. J. 2001, 322, 98–101. [CrossRef]
[PubMed]

40. Xiao, Y.; Watson, M. Guidance on Conducting a Systematic Literature Review. J. Plan. Educ. Res. 2019, 39, 93–112. [CrossRef]
41. Chadegani, A.A.; Salehi, H.; Yunus, M.; Farhadi, H.; Fooladi, M.; Farhadi, M. A Comparison between Two Main Academic

Literature Collections: Web of Science and Scopus Databases. Archives 2017, 9, 18–26. [CrossRef]
42. Gomez-Trujillo, A.M.; Gonzalez-Perez, M.A. Digital transformation as a strategy to reach sustainability. Smart Sustain. Built

Environ. 2022, 11, 1137–1162. [CrossRef]
43. Zhu, S.; Li, D.; Zhu, J.; Feng, H. Towards a Data-Rich Era: A Bibliometric Analysis of Construction Management from 2000 to

2020. Buildings 2022, 12, 2242. [CrossRef]
44. Boyle, F.; Sherman, D.; Boyle, F. Scopus TM: The Product and Its Development. Ser. Libr. 2006, 49, 147–153. [CrossRef]
45. Burnham, J.F. Scopus database: A review. Biomed. Digit. Libr. 2006, 3, 1. [CrossRef] [PubMed]
46. Bordignon, F. Tracking Content Updates in Scopus (2011–2018): A Quantitative Analysis of Journals per Subject Category and

Subject Categories per Journal. In Proceedings of the 17th International Conference on Scientometrices & Informetrics, Rome,
Italy, 2–5 September 2019; p. 1630.

47. Li, J.; Greenwood, D.; Kassem, M. Blockchain in the built environment and construction industry: A systematic review, conceptual
models and practical use cases. Autom. Constr. 2019, 102, 288–307. [CrossRef]

48. Terzis, D. Monitoring innovation metrics in construction and civil engineering: Trends, drivers and laggards. Dev. Built Environ.
2022, 9, 100064. [CrossRef]

49. Xia, H.; Liu, Z.; Efremochkina, M.; Liu, X.; Lin, C. Study on city digital twin technologies for sustainable smart city design: A
review and bibliometric analysis of geographic information system and building information modeling integration. Sustain. Cities
Soc. 2022, 84, 104009. [CrossRef]

50. Yousif, O.S.; Zakaria, R.; Wahi, N.; Aminudin, E.; Abdul Tharim, A.H.; Gara, J.A.; Liyana Umran, N.I.; Khalid, R.; Ismail, N.
Monitoring the Construction Industry towards a Construction Revolution 4.0. Int. J. Sustain. Dev. Plan. 2022, 17, 633–641.
[CrossRef]

51. Sandelowski, M.; Docherty, S.; Emden, C. Qualitative metasynthesis: Issues and techniques. Res. Nurs. Health 1997, 20, 365–371.
[CrossRef]

52. Chambers, E.A. An Introduction to Meta-Analysis With Articles From The Journal of Educational Research (1992–2002). J. Educ.
Res. 2004, 98, 35–45. [CrossRef]

53. Krnic Martinic, M.; Pieper, D.; Glatt, A.; Puljak, L. Definition of a systematic review used in overviews of systematic reviews,
meta-epidemiological studies and textbooks. BMC Med. Res. Methodol. 2019, 19, 203. [CrossRef]

54. O’Dea, R.E.; Lagisz, M.; Jennions, M.D.; Koricheva, J.; Noble, D.W.A.; Parker, T.H.; Gurevitch, J.; Page, M.J.; Stewart, G.; Moher, D.;
et al. Preferred reporting items for systematic reviews and meta-analyses in ecology and evolutionary biology: A PRISMA
extension. Biol. Rev. 2021, 96, 1695–1722. [CrossRef]

55. Aung, P.N.; Hallinger, P. Research on sustainability leadership in higher education: A scoping review. Int. J. Sustain. High. Educ.
2023, 24, 517–534. [CrossRef]

56. Adekunle, S.A.; Aigbavboa, C.O.; Ejohwomu, O.; Adekunle, E.A.; Thwala, W.D. Digital transformation in the construction
industry: A bibliometric review. J. Eng. Des. Technol. 2021, ahead-of-print. [CrossRef]

57. Finfgeld-Connett, D. Use of content analysis to conduct knowledge-building and theory-generating qualitative systematic reviews.
Qual. Res. 2014, 14, 341–352. [CrossRef]

58. Braun, V.; Clarke, V. Thematic Analysis. In APA Handbook of Research Methods in Psychology, Vol. 2. Research Designs: Quantitative,
Qualitative, Neuropsychological, and Biological; American Psychological Association: Washington, DC, USA, 2012; pp. 57–71.
[CrossRef]

59. Braun, V.; Clarke, V.; Hayfield, N. ‘A starting point for your journey, not a map’: Nikki Hayfield in conversation with Virginia
Braun and Victoria Clarke about thematic analysis. Qual. Res. Psychol. 2022, 19, 424–445. [CrossRef]

60. Saad, A.; Ajayi, S.O.; Alaka, H.A. Trends in BIM-based plugins development for construction activities: A systematic review. Int.
J. Constr. Manag. 2022, 1–13. [CrossRef]

61. Elo, S.; Kyngäs, H. The qualitative content analysis process. J. Adv. Nurs. 2008, 62, 107–115. [CrossRef]
62. Hajirasouli, A.; Banihashemi, S.; Drogemuller, R.; Fazeli, A.; Mohandes, S.R. Augmented reality in design and construction:

Thematic analysis and conceptual frameworks. Constr. Innov. 2022, 22, 412–443. [CrossRef]
63. Zulu, S.L.; Khosrowshahi, F. A taxonomy of digital leadership in the construction industry. Constr. Manag. Econ. 2021, 39, 565–578.

[CrossRef]
64. Ehwi, R.J.; Oti-Sarpong, K.; Shojaei, R.; Burgess, G. Offsite Manufacturing Research: A Systematic Review of Methodologies Used.

Constr. Manag. Econ. 2022, 40, 1–24. [CrossRef]
65. Lappalainen, E.M.; Seppänen, O.; Peltokorpi, A.; Singh, V. Transformation of construction project management toward situational

awareness. Eng. Constr. Archit. Manag. 2021, 28, 2199–2221. [CrossRef]
66. Aghimien, D.O.; Ikuabe, M.; Aigbavboa, C.; Oke, A.; Shirinda, W. Unravelling the factors influencing construction organisations’

intention to adopt big data analytics in South Africa. Constr. Econ. Build. 2021, 21, 262–281. [CrossRef]
67. Sommarberg, M.; Mäkinen, S.J. A method for anticipating the disruptive nature of digitalization in the machine-building industry.

Technol. Forecast. Soc. Chang. 2019, 146, 808–819. [CrossRef]

http://doi.org/10.1136/bmj.322.7278.98
http://www.ncbi.nlm.nih.gov/pubmed/11154628
http://doi.org/10.1177/0739456X17723971
http://doi.org/10.5539/ass.v9n5p18
http://doi.org/10.1108/SASBE-01-2021-0011
http://doi.org/10.3390/buildings12122242
http://doi.org/10.1300/J123v49n03
http://doi.org/10.1186/1742-5581-3-1
http://www.ncbi.nlm.nih.gov/pubmed/16522216
http://doi.org/10.1016/j.autcon.2019.02.005
http://doi.org/10.1016/j.dibe.2021.100064
http://doi.org/10.1016/j.scs.2022.104009
http://doi.org/10.18280/ijsdp.170228
http://doi.org/10.1002/(SICI)1098-240X(199708)20:4&lt;365::AID-NUR9&gt;3.0.CO;2-E
http://doi.org/10.3200/JOER.98.1.35-45
http://doi.org/10.1186/s12874-019-0855-0
http://doi.org/10.1111/brv.12721
http://doi.org/10.1108/IJSHE-09-2021-0367
http://doi.org/10.1108/JEDT-08-2021-0442
http://doi.org/10.1177/1468794113481790
http://doi.org/10.1037/13620-004
http://doi.org/10.1080/14780887.2019.1670765
http://doi.org/10.1080/15623599.2022.2093815
http://doi.org/10.1111/j.1365-2648.2007.04569.x
http://doi.org/10.1108/CI-01-2022-0007
http://doi.org/10.1080/01446193.2021.1930080
http://doi.org/10.1080/01446193.2021.2007537
http://doi.org/10.1108/ECAM-12-2020-1053
http://doi.org/10.5130/AJCEB.v21i3.7634
http://doi.org/10.1016/j.techfore.2018.07.044


Buildings 2023, 13, 839 15 of 16

68. Orzeł, B.; Wolniak, R. Digitization in the Design and Construction Industry-Remote Work in the Context of Sustainability: A
Study from Poland. Sustainability 2022, 14, 1332. [CrossRef]

69. Hallin, A.; Lindell, E.; Jonsson, B.; Uhlin, A. Digital transformation and power relations. Interpretative repertoires of digitalization
in the Swedish steel industry. Scand. J. Manag. 2022, 38, 101183. [CrossRef]

70. Shahzad, M.; Shafiq, M.T.; Douglas, D.; Kassem, M. Digital Twins in Built Environments: An Investigation of the Characteristics,
Applications, and Challenges. Buildings 2022, 12, 120. [CrossRef]

71. Ebekozien, A.; Samsurijan, M.S. Incentivisation of digital technology takers in the construction industry. Eng. Constr. Archit.
Manag. 2022, ahead-of-print. [CrossRef]

72. Calvetti, D.; Mêda, P.; Gonçalves, M.C.; Sousa, H. Worker 4.0: The future of sensored construction sites. Buildings 2020, 10, 169.
[CrossRef]

73. Liu, D.; Wang, H.; Lu, H. Composition of construction services with hierarchical planning on digital platform. Autom. Constr.
2022, 141, 104449. [CrossRef]

74. Jahanger, Q.K.; Louis, J.; Pestana, C.; Trejo, D. Potential positive impacts of digitalization of construction-phase information
management for project owners. J. Inf. Technol. Constr. 2021, 26, 1–22. [CrossRef]

75. McNamara, A.J.; Sepasgozar, S.M.E. Intelligent contract adoption in the construction industry: Concept development. Autom.
Constr. 2021, 122, 103452. [CrossRef]

76. Aghimien, D.; Aigbavboa, C.O.; Oke, A.E.; Edwards, D.; Thwala, W.D.; Roberts, C.J. Dynamic capabilities for digitalisation in the
AECO sector—A scientometric review. Eng. Constr. Archit. Manag. 2022, 29, 1585–1608. [CrossRef]

77. Ayat, M.; Ullah, A.; Kang, C.W. Impact of the Coronavirus disease 2019 and the post-pandemic construction sector (Pakistan). Int.
J. Manag. Proj. Bus. 2022, 15, 659–675. [CrossRef]

78. Osunsanmi, T.O.; Aigbavboa, C.O.; Emmanuel Oke, A.; Liphadzi, M. Appraisal of stakeholders’ willingness to adopt construction
4.0 technologies for construction projects. Built Environ. Proj. Asset Manag. 2020, 10, 547–565. [CrossRef]

79. Zheng, Y.; Tang, L.C.M.; Chau, K.W. Analysis of improvement of bim-based digitalization in engineering, procurement, and
construction (Epc) projects in China. Appl. Sci. 2021, 11, 11895. [CrossRef]

80. Atuahene, B.T.; Kanjanabootra, S.; Gajendran, T. Transformative role of big data through enabling capability recognition in
construction. Constr. Manag. Econ. 2023, 41, 208–231. [CrossRef]

81. Aghimien, D.O.; Aigbavboa, C.O.; Oke, A.E. Critical success factors for digital partnering of construction organisations—A
Delphi study. Eng. Constr. Archit. Manag. 2020, 27, 3171–3188. [CrossRef]

82. Qian, X.; Papadonikolaki, E. Shifting trust in construction supply chains through blockchain technology. Eng. Constr. Archit.
Manag. 2021, 28, 584–602. [CrossRef]

83. Karimi, S.; Iordanova, I. Integration of BIM and GIS for Construction Automation, a Systematic Literature Review (SLR)
Combining Bibliometric and Qualitative Analysis. Arch. Comput. Methods Eng. 2021, 28, 4573–4594. [CrossRef]

84. Morgan, B. Organizing for digitalization through mutual constitution: The case of a design firm. Constr. Manag. Econ. 2019, 37,
400–417. [CrossRef]

85. Mêda, P.; Calvetti, D.; Hjelseth, E.; Sousa, H. Incremental digital twin conceptualisations targeting data-driven circular construc-
tion. Buildings 2021, 11, 554. [CrossRef]

86. Säynäjoki, A.; Pulkka, L.; Säynäjoki, E.S.; Junnila, S. Data commercialisation: Extracting value from smart buildings. Buildings
2017, 7, 104. [CrossRef]

87. Gharouni Jafari, K.; Noorzai, E.; Hosseini, M.R. Assessing the capabilities of computing features in addressing the most common
issues in the AEC industry. Constr. Innov. 2021, 21, 875–898. [CrossRef]

88. Abadi, M.; Moore, D.R. Selection of Circular Proposals in Building Projects: An MCDM Model for Lifecycle Circularity Assess-
ments Using AHP. Buildings 2022, 12, 1110. [CrossRef]

89. Aghimien, D.; Aigbavboa, C.; Oke, A.; Thwala, W.; Moripe, P. Digitalization of construction organisations—A case for digital
partnering. Int. J. Constr. Manag. 2022, 22, 1950–1959. [CrossRef]

90. Koseoglu, O.; Keskin, B.; Ozorhon, B. Challenges and enablers in BIM-enabled digital transformation in mega projects: The
Istanbul new airport project case study. Buildings 2019, 9, 115. [CrossRef]

91. Kraatz, J.A.; Sanchez, A.X.; Hampson, K.D. Digital modeling, integrated project delivery and industry transformation: An
Australian case study. Buildings 2014, 4, 453–466. [CrossRef]

92. Nguyen, T.T.N.; Do, S.T.; Nguyen, V.T.; Nguyen, T.A. Interrelationships among enabling factors for BIM adoption in construction
enterprises. Eng. Constr. Archit. Manag. 2022. [CrossRef]

93. Grybauskas, A.; Stefanini, A.; Ghobakhloo, M. Social sustainability in the age of digitalization: A systematic literature Review on
the social implications of industry 4.0. Technol. Soc. 2022, 70, 101997. [CrossRef]

94. Jacobsson, M.; Linderoth, H.C.J. Newly graduated students’ role as ambassadors for digitalisation in construction firms. Constr.
Manag. Econ. 2021, 39, 759–772. [CrossRef]

95. Koseoglu, O.; Nurtan-Gunes, E.T. Mobile BIM implementation and lean interaction on construction site: A case study of a
complex airport project. Eng. Constr. Archit. Manag. 2018, 25, 1298–1321. [CrossRef]

96. Bazán, Á.M.; Alberti, M.G.; Arcos Álvarez, A.A.; Pavón, R.M.; Barbado, A.G. Bim-based methodology for the management of
public heritage. Case study: Algeciras market hall. Appl. Sci. 2021, 11, 11899. [CrossRef]

http://doi.org/10.3390/su14031332
http://doi.org/10.1016/j.scaman.2021.101183
http://doi.org/10.3390/buildings12020120
http://doi.org/10.1108/ECAM-02-2022-0101
http://doi.org/10.3390/buildings10100169
http://doi.org/10.1016/j.autcon.2022.104449
http://doi.org/10.36680/j.itcon.2021.001
http://doi.org/10.1016/j.autcon.2020.103452
http://doi.org/10.1108/ECAM-12-2020-1012
http://doi.org/10.1108/IJMPB-11-2020-0349
http://doi.org/10.1108/BEPAM-12-2018-0159
http://doi.org/10.3390/app112411895
http://doi.org/10.1080/01446193.2022.2132523
http://doi.org/10.1108/ECAM-11-2019-0602
http://doi.org/10.1108/ECAM-12-2019-0676
http://doi.org/10.1007/s11831-021-09545-2
http://doi.org/10.1080/01446193.2018.1538560
http://doi.org/10.3390/buildings11110554
http://doi.org/10.3390/buildings7040104
http://doi.org/10.1108/CI-04-2020-0050
http://doi.org/10.3390/buildings12081110
http://doi.org/10.1080/15623599.2020.1745134
http://doi.org/10.3390/buildings9050115
http://doi.org/10.3390/buildings4030453
http://doi.org/10.1108/ECAM-05-2022-0465
http://doi.org/10.1016/j.techsoc.2022.101997
http://doi.org/10.1080/01446193.2021.1955398
http://doi.org/10.1108/ECAM-08-2017-0188
http://doi.org/10.3390/app112411899


Buildings 2023, 13, 839 16 of 16

97. Lasarte, N.; Elguezabal, P.; Sagarna, M.; Leon, I.; Otaduy, J.P. Challenges for digitalisation in building renovation to enhance the
efficiency of the process: A spanish case study. Sustainability 2021, 13, 12139. [CrossRef]

98. Diana, L.; D’Auria, S.; Acampa, G.; Marino, G. Assessment of Disused Public Buildings: Strategies and Tools for Reuse of
Healthcare Structures. Sustainability 2022, 14, 2361. [CrossRef]

99. Pregnolato, M.; Gunner, S.; Voyagaki, E.; De Risi, R.; Carhart, N.; Gavriel, G.; Tully, P.; Tryfonas, T.; Macdonald, J.; Taylor, C.
Towards Civil Engineering 4.0: Concept, workflow and application of Digital Twins for existing infrastructure. Autom. Constr.
2022, 141, 104421. [CrossRef]

100. Lavikka, R.; Kallio, J.; Casey, T.; Airaksinen, M. Digital disruption of the AEC industry: Technology-oriented scenarios for possible
future development paths. Constr. Manag. Econ. 2018, 36, 635–650. [CrossRef]

101. Locatelli, M.; Seghezzi, E.; Pellegrini, L.; Tagliabue, L.C.; Di Giuda, G.M. Exploring natural language processing in construction
and integration with building information modeling: A scientometric analysis. Buildings 2021, 11, 583. [CrossRef]

102. Ozturk, G.B. Digital Twin Research in the AECO-FM Industry. J. Build. Eng. 2021, 40, 102730. [CrossRef]
103. Sepasgozar, S.M. Differentiating Digital Twin from Digital Shadow: Elucidating a Paradigm Shift to Expedite a Smart, Sustainable

Built Environment. Buildings 2021, 11, 151. [CrossRef]
104. Feng, H.; Song, Q.; Yin, C.; Cao, D. Adaptive Impedance Control Method for Dynamic Contact Force Tracking of Robotic

Excavators. J. Constr. Eng. Manag. 2022, 148, 04022124. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/su132112139
http://doi.org/10.3390/su14042361
http://doi.org/10.1016/j.autcon.2022.104421
http://doi.org/10.1080/01446193.2018.1476729
http://doi.org/10.3390/buildings11120583
http://doi.org/10.1016/j.jobe.2021.102730
http://doi.org/10.3390/buildings11040151
http://doi.org/10.1061/(ASCE)CO.1943-7862.0002399

	Introduction 
	Materials and Methods 
	Stage 1: Identifying the Data Source 
	Stage 2: Rationalising the Search 
	Stage 3: Classifying the Themes 

	Results and Discussion 
	Safety and Wellbeing 
	Planning Enhancements 
	Facilitating Collaboration 
	Waste Reduction 
	Drive Employee Skill Development 
	Design Enhancements 
	Communication and Knowledge Transfer 
	Accuracy and Error Minimisation 

	Conclusions and Further Trends 
	References

