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Abstract

Purpose — Despite several advantages of Building Information Modelling (BIM) technology, BIM has not been
adopted and implemented extensively in developing countries. Consequently BIM remains at a beginner level
in developing countries. To increase the level of BIM implementation, first, knowing the root factors that resist
BIM implementation is necessary to know. Therefore, the objective of this study was to identify the factors that
limit BIM implementation in developing countries, specifically in the Turkish Architecture, Engineering and
Construction (AEC) industry.

Design/methodology/approach — A questionnaire was designed with 46 influencing causes (ICs) identified
through a systematic literature review. In total, 141 survey results were returned from architects and engineers,
and reliability analysis, exploratory factor analysis, and confirmatory factor analysis were conducted.
Furthermore, a structural equation model (SEM) was developed to identify the root factors of BIM
implementation.

Findings — Eight root factors affecting the prevalent use of BIM technology in the Turkish construction
industry were determined and grouped into three categories based on BIM implementation level. Problems
with the BIM transition process and a lack of management support are the most influential root factors limiting
BIM implementation. Lack of incentives, lack of BIM education, bias regarding BIM technology and BIM-based
software problems form the second group of root factors that have a significant effect. Awareness and lack of
communication amongst stakeholders were identified as root factors that had a moderate effect.

Research limitations/implications — This study contributes to the knowledge body by revealing eight root
factors limiting BIM implementation in the Turkish AEC industry which can be generalised to most developing
countries. Therefore, the outcomes of this study may be used as a practical reference for future research aimed
at improving BIM adoption in developing countries through governmental, educational, and managerial
solutions.

Originality/value — Several studies have identified the challenges and barriers of BIM implementation in the
construction industry using qualitative and quantitative analyses and projected the current state. Unlike
previous studies, this study comprehensively and quantitatively determined the root factors that constrain the
use of BIM in Turkey using exploratory factor analysis, confirmatory factor analysis, and structural equation
modelling to present a structural model.

Keywords Building Information Modelling (BIM), BIM implementation, BIM adoption, Root factors,
Structural equation modelling, Developing countries
Paper type Research paper

1. Introduction

The modern construction industry requires continuous changes and development of systems
to ensure efficient time and cost management. Therefore, with the development of technology,
design tools have evolved and changed. Initial developments began with the development of
computer-aided design (CAD) programs. Building information modelling (BIM) has been
developed to meet the requirements and expectations of the construction industry.

BIM is defined as shared physical and functional information of a built asset within a
single agreed source of information called a “common data environment” to facilitate
collaborative information processing activities across the asset lifecycle by ISO 19650-1:2018
(BSI, 2018). From a process perspective, BIM is defined as a facility that enables information
management throughout the lifecycle of a building (Isikdag, 2015).
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Compared to the use of traditional delivery methods in the process of a project, BIM
technology has several advantages, such as enabling users, environmental representatives,
contractors, subcontractors, and operators to be involved in the design process. Moreover,
possible problems, particularly clashes, are avoided with the necessary visualisations by
constructing designs in an environment that simulates the real world in a three-dimensional
(3D) building information model (Azhar, 2011). Furthermore, the information stored digitally
in the building information model can be utilised to solve problems in case of technical
problems during use or operation after the construction of the building (Sacks et al, 2018).
The rise of BIM implementation in the last decade stems from its position in the
organisational communication between stakeholders in all construction processes, from
design to maintenance. It is debatable whether BIM implementation has a positive effect on
increasing productivity in the construction sector and reducing the adverse impacts of
fragmentation and insufficient interoperability (Aladag et al, 2016). The fact that it has
become a necessity to use it more in public projects has been realised because worldwide
governments are becoming aware of the benefits of BIM implementation.

BIM has been adopted and extensively implemented in developed countries (the United
States of America, Canada, the United Kingdom, France, etc.). Antwi-Afari et al. (2018)
reported that BIM implementation is widely established in developed countries, such as the
United Kingdom (Eadie ef al, 2013; Khosrowshahi and Arayici, 2012), the United States
(Wong et al., 2011; Becerik-Gerber and Kensek, 2010; Jung and Lee, 2015; Haliburton, 2016),
Australia (Gu and London, 2010; Hong et al, 2018), South Korea (Kim et al, 2016, Won et al.,
2013), and Nordic countries (Jensen and Johannesson, 2013; Wong et al, 2009). Therefore,
studies conducted in these countries are common.

Although the use of BIM is rapidly increasing worldwide, it is still in its beginning phase
in Turkey (Aladag et al., 2016; Simsek and Uzun, 2021) like in other developing countries.
According to Antwi-Afari et al. (2018), developing countries, such as India (Nanajkar, 2014,
Ahuja et al, 2016), Singapore (Liao and Teo, 2017), Nigeria (Amuda-Yusuf, 2018;
Olanrewaju et al., 2020; Olughoyega and Windapo, 2021), Iraq (Hatem et al., 2018), China
(Zhang et al., 2020; Tu et al, 2021; Zhao and Wu, 2017; Zhou et al., 2019), Iran (Hosseini et al.,
2016), Jordan (Btoush and Haron, 2017), and Malaysia (Rogers et al., 2015; Yaakob et al,
2016; Sinoh et al, 2020), the implementation of BIM is lagging. However, significant
attempts have been made to investigate the limiting causes of BIM implementation and how
BIM can be adapted to the construction industries in developing countries (Shahruddin
et al, 2022; Sinoh et al., 2020).

Turkey has a strong and rising economy according to its gross domestic product (GDP)
(United Nations Statistics Division, 2018). The Turkish economy is heavily reliant on the
construction industry (Reina and Tulacz, 2014). The construction industry in Turkey
contributes approximately 30% of the economy in terms of GDP. According to the
Engineering News Record’s (ENR) “Top 250 International Contractors List” for 2021, Turkey
came in second with 39 contractor businesses, accounting for approximately 16% of the top
contractors (Engineering News Record, 2021). Given the significance of Turkey as a major
contributor to the global construction industry, it is critical that the Turkish AEC business
utilises technology, such as BIV, to stay competitive (Ezcan et al., 2013).

However, numerous studies have shown that the AEC industry in Turkey is slow to adopt
innovation (Turkish Contractors Association, Analysis of Turkish Construction Industry-
January 2016), new technology (Simsek and Uzun, 2021), and information management
(Elmaliand Bayram, 2022). BIM implementation in the Turkish AEC industry is considerably
low, with only 16.36% of construction firms adopting it (Turkey BIM Report, 2020).
According to the analysis of the Turkish Contractors Association, Turkish contractors
should increase their competitiveness in international markets and their corporate
performance to earn a sufficiently high income. Therefore, BIM has become even more



crucial for them to increase the number and size of their projects by providing engineering,
procurement, and construction services.

To address this challenge, it is critical for the construction industry to clearly identify the
root factors limiting BIM implementation in order to better understand and suggest strategic
proposals.

Several prominent studies have identified the obstacles and challenges of BIM
implementation using only a literature review or descriptive analysis, particularly ranking
the factors/causes as adopted methodology. Previous studies have presented several
obstacles to BIM implementation, including managerial skills, organisational structure (Won
et al, 2013; Chien et al., 2014; Aladag et al, 2016; Chan et al., 2019a), technical requirements
(Chien et al., 2014; Aladag et al., 2016; Ma et al., 2020), resistance to change (Chan ef al., 2019a;
Khoshfetrat et al., 2020; Evans and Farrel, 2021), financial requirements/support (Ma et al,
2020), human resources/people dimension (Chien et al, 2014; Khoshfetrat et al., 2020), and
absence of standards (Aladag et al, 2016; Tan et al, 2019; Chan ef al, 2019a; Evans and
Farrel, 2021).

As seen from a brief review of related research, several obstacles were identified, all of
which are important; however, it is unclear which of them are the most influential root factors.
Therefore, in the first stage, it is impossible to take precautions or make strategic plans to
mitigate these effects. From this perspective, knowing the root factors limiting BIM
implementation is crucial for constituting a strategic plan to mitigate these effects.

To fill this gap in the literature, the primary objectives of the current research are
threefold: (1) to determine the root factors related to limiting BIM implementation. (2)
Modelling the determined root factors may help identify the significance of each factor in the
construction industry. This model may help implement actions to overcome existing
obstacles. Finally, (3) this study addresses the research and knowledge gap by identifying the
root factors limiting BIM implementation in the Turkish construction industry that can be
generalised to almost all developing countries. Unlike previous studies, the present study
seeks original factors that limit BIM implementation while considering existing obstacles.
These differences are a crucial dissimilarity from previous studies.

2. Research background and gaps in literature

2.1 Research background

The reasons why BIM technology is not extensively used in the construction industry could
be categorised in four stages by examining pioneering studies: BIM practices (Tsai et al.,, 2014;
Chien et al,, 2014; Ozorhon and Karahan, 2016; Olawumi and Chan, 2018), BIM awareness
(Bryde et al., 2013; Bouguerra et al, 2020), organisation (Takim et al., 2013; Tsai et al., 2014;
Chien et al., 2014; Morlhon et al., 2014; Ding et al., 2015; Ozorhon and Karahan, 2016), and BIM
education (Morlhon et al, 2014; Amuda-Yusuf, 2018; Bouguerra et al., 2020).

2.1.1 BIM practices. “Technological innovation” in the construction industry refers to the
application of new technologies to visibly enhance the design and construction of structures
by reducing construction costs, increasing building performance, and/or advancing business
performance (Toole, 1998). Generally, “technological innovation” encompasses all
stakeholders in the industry. Among the limiting reasons for the adoption and BIM
implementation as a technological innovation related to BIM practices, the process of
transition to BIM and the process of BIM usage can be classified as two crucial causes. In
particular, possible risks, uncertainties, and a lack of management are critical factors in these
processes (Toole, 1998).

2.1.2 BIM awareness. Depending on various factors in relation to the society adopting the
innovation, the adoption of technological innovation can occur over a long or short period of
time. In fact, the adoption of technology is directly proportional to the awareness of the
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adoption of BIM applications as technological innovation. In particular, in national adoption,
it is necessary for countries to create distinct BIM strategies based on their awareness of the
scope and benefits of this novel technology (Liu ef al., 2018). It is necessary to have general
BIM knowledge to reduce the resistance to change related to BIM implementations, to know
the benefits to be obtained by using BIM-based programs, and raise awareness of this issue
(Khosrowshahi and Arayici, 2012).

2.1.3 Organisation. BIM technology allows differentiation and focuses on the market with
the services it offers (Tsai ef al,, 2014). Furthermore, there is a reciprocal relationship between
the necessity of implementing innovations for an organisation to meet expectations while
surviving in a competitive environment in the long run and the organisation’s role in adopting
and using innovations in the sector. Managing the process and technological changes within
the organisation is of critical importance in the adoption of BIM (Khosrowshahi and Arayici,
2012); therefore, organisational influencers can be included among the critical limitations of
BIM implementation.

2.1.4 BIM education. The knowledge of stakeholders and staff in the sector about
technological innovation affects the adoption rate of innovation (Toole, 1998). Although the
use of BIM in the construction industry increases the tendency to work cooperatively, higher
and professional education cannot keep up with this orientation (Becerik-Gerber ef al., 2011).
Reluctance to change and innovation in the construction industry and lack of experienced/
trained BIM practitioners/technicians/trainers have a slowing effect on the adoption and use
of BIM technology (Rooney, 2014). BIM education-related factors, which are thought to help
accelerate the BIM learning curve, are key limiting factors for BIM implementation.

2.2 Gaps in the literature

Although BIM technology is a new research subject, several noteworthy BIM-related studies
have been conducted from different perspectives, including the pre-construction and post-
construction BIM implementation/areas of use of BIM (Aladag et al., 2016; Bouguerra et al.,
2020), BIM benefits (Bryde et al., 2013), challenges and barriers (Chien ef al., 2014; Vass and
Gustausson, 2017; Tan et al,, 2019; Chan et al., 2019a, b; Park et al., 2019; Ma et al., 2020; Evans
and Farrel, 2021; Tam et al., 2021), maturity levels (Succar, 2009), process management of
construction phases (Morlhon et al., 2014), and adoption (Park et al., 2019; Manzoor et al., 2021,
Tam et al., 2021). Studies have also been conducted to investigate the critical success factors
of BIM implementation and adoption (Tsai et al, 2014; Morlhon et al,, 2014; Ozorhon and
Karahan, 2016; Antwi-Afari ef al., 2018; Amuda-Yusuf, 2018; Olawumi and Chan, 2018; Chan
et al., 2019b; Dao et al., 2021), critical risk factors (Chien ef al,, 2014; Khoshfetrat et al., 2020),
and drivers (Olanrewaju et al, 2021) related to the use of BIM/BIM implementation in
developed countries. Shahruddin et al. (2022) interpreted the meaning structure of architects’
actions, behaviours, and performances in a building information modelling (BIM)
environment. Elgewely et al (2021) proposed a virtual reality (VR) platform for
construction detailing that provides experiential learning in a zero-risk environment.

The literature contains a number of researches on BIM implementation in different
regions, such as South Korea (Kim et @/, 2016; Won ef al,, 2013), the Czech Republic (Nyvlt,
2018), Taiwan (Badrinath and Hsieh, 2019; Tsai et al., 2014), the United Kingdom (Dakhil et al,
2019), and Singapore (Liao and Teo, 2017). However, studies on the use of BIM technology in
the Turkish AEC industry are limited.

Elmal and Bayram (2022) examined civil engineers’ and architects’ awareness levels in
the public and private sectors of BIM implementation in the Turkish AEC industry using
descriptive statistical methods (mean, frequency, and percentage) and ranking analysis.
Akcay (2022) identified the primary challenges to BIM implementation in mega construction
projects using descriptive and ranking analyses. Simsek and Uzun (2021) sought to develop a



mathematical process for determining the features of components impacting value and
arriving at a value-based land share using a 3D virtual BIM model. Tezel et al. (2021)
examined the relationship between facility management and BIM use with descriptive
statistics using data obtained from a questionnaire survey and semi-structured interviews.
Erpay and Sertyesilisik (2021) developed a preliminary checklist template that can be used as
input to the contract phase of BIM-based construction projects. Moreover, Yilmaz ef al. (2019)
proposed eight BIM capability and maturity models identified in the literature based on
several criteria. Aladag et al (2016) investigated challenges and benefits of BIM
implementation in the Turkish construction industry using focus group discussions, and
analysed basic ranking technique. Koseoglu et al (2018) investigated the relationship
between the BIM and lean concepts. Koseoglu and Nurtan-Gunes (2018) examined lean
interactions resulting from mobile BIM processes through a framework by focussing on
digital transformations performed at construction sites. Alshorafa and Ergen (2020)
identified the LOD for BIM implementation in large-scale projects in Turkey, Qatar, and
Saudi Arabia. Moreover, there are studies in which variables affecting the success of BIM use
were determined, and factor analysis was applied to the variables (Ozorhon and Karahan,
2016) to identify the relationship between individual-level collaboration and BIM
implementation (Ozturk, 2019). Despite the significance of this issue, the number of
previous studies on BIM implementation in the Turkish AEC industry lags the rate of BIM
implementation in construction firms. Existing studies on BIM implementation have
attempted to identify the causes of obstacles. However, no research has determined the root
factors limiting BIM implementation either in common BIM or in Turkey and developing
countries. Therefore, there is a gap in the literature on BIM research in developing countries.

When examining the methodologies adopted in previous studies, it can be seen that some
of these studies employed qualitative research method: case study (Alshorafa and Ergen,
2021; Koseoglu and Nurtan-Gunes, 2018); focus group interviews (Aladag et al, 2016; Gu and
London, 2010); decision-making trial and evaluation laboratory method (Chuan et al., 2014),
Delphi method (Evans and Farrel, 2021; Khoshfetrat ef al, 2020). The remaining studies
adopted quantitative methods, composing a questionnaire with a literature review and
analysing the data using descriptive statistics (Gnah and John, 2015), different ranking
techniques (Chan et al, 2019a, b; Amuda-Yusuf, 2018), and hypothesis tests with few
exceptions. Some scholars have used different methods, such as interpretive structural
modelling (Tan et al,, 2019), and structural equation modelling (Park et al, 2019; Sinoh et al,
2020). Several studies reviewed the literature to compose the questionnaire; however, a
systematic review has not been conducted. Only a few studies have used systematic reviews
(Sinoh et al., 2020). It is evident from this brief review that there have been several attempts at
BIM studies; however, these efforts have failed to provide an extensive analysis of the root
factors that limit BIM implementation. To develop effective BIM implementation methods, a
greater understanding of the root factors is required, particularly in countries where BIM is
relatively new, such as the Turkish construction sector.

Although the number of studies on BIM is increasing daily, it is noteworthy that the
number of studies using this modelling method remains low. When the limited researches
modelled the variable and examined BIM, it is evident that the studies focused on modelling
the relationship between BIM attributes and environmental sustainability (Mirpanahi and
Noorzai, 2021); collaborative innovation activities and BIM application (Qiao et al., 2021);
impact of BIM drivers and awareness on the project lifecycle (Olanrewaju et al., 2021); risks
associated with BIM implementation and adoption (Zhao et al, 2017, 2018); work-based
education and BIM adoption (Semaan et al, 2021); teamwork efficiency and BIM-based
collaborative design (Wang et al., 2021); continuous use intention of BIM (Cui et al, 2021);
factors hindering BIM implementation (Liao et al., 2019); factors predicting the behavioural
resistance to BIM implementation (Wang et al., 2020); critical BIM adoption drivers across the
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infrastructure construction sector (Belay et al, 2021); the impact of organisation size and
project type on BIM adoption (Hong et al,, 2019); the BIM-related factors affecting the project
performance (Tam et al,, 2021); the strategies improving the organisational BIM capabilities
(Munianday et al, 2022).

When the above studies were analysed, it was observed that the number of studies
conducted with the structural equation model (SEM) has increased in the last three years.
In addition, no study has focused on the root factors that limit BIM implementation
using SEM.

This study highlights the root factors limiting BIM implementation specific to the Turkish
AEC industry which can be generalised to all developing countries. In this regard, influencing
causes (ICs) are derived from the literature through a systematic literature review (SLR).
Exploratory factor analyses were performed to determine the factors. Subsequently,
confirmatory factor analysis was applied to validate the latent factors, and SEM was
conducted to establish the root factors limiting BIM implementation.

Similar to previous studies, this study employed a questionnaire survey. Unlike previous
studies, the questions of the survey were composed by utilising a SLR, which provides more
reliable and objective criteria for the questionnaire. Moreover, in contrast to previous studies,
deeper quantitative statistical methods were used, and a model was developed to identify the
root factors limiting BIM implementation.

3. Research method and approach

A comprehensive methodological approach of this study is presented in Figure 1. The
research began with a SLR to determine the ICs for restrained BIM implementation. This was
followed by the organisation and validation of the questionnaire. Data collection began with
an online survey of the participants. This was followed by data analysis and reliability
analysis of the obtained data. Exploratory factor analysis (EFA) was then performed to
identify the latent factors, which involved factor extraction and factor rotation. Subsequently,
based on the determined latent factors, SEM was constructed to identify the root factors
limiting BIM implementation. Statistical calculations were performed using Statistical
Package for the Social Sciences (SPSS) 22.0, and LISREL 8.7.

3.1 Identifying the influencing causes (ICS) affecting the prevalent use of BIM technology
The first stage of this study involved the determination of ICs that affect the use of BIM
technology for all pre-construction and post-construction stages related to BIM practices,
BIM awareness, BIM organisation, and BIM education. Conducting SLR, extensive
literature was examined. SLR is identified as a method-driven, transparent, and
reproducible method (Booth et al, 2012) for analysing and understanding all research
related to a certain issue, subject, or phenomenon (Wolfswinkel et al, 2013). SLR decreases
prejudice by performing extensive literature searches in relation to published and
unpublished research and also provides a record of reviewers’ decisions, processes, and
findings (Tranfield et al, 2003). Unlike other methods such as citation-based approaches,
SLR is a powerful tool for evaluating published work in the scientific field. In the present
study, the renowned three-stage approach was used to identify causes. It involves “planning
the review,” “conducting the review,” and “documenting the review” stages, which are
presented in Figure 2.

The research question was designated at the planning stage and a review protocol was
developed. First, primary studies were identified in the transitive review phase.
Subsequently, the identified studies were selected, extracted, analysed, and synthesised,
respectively. Finally, the outputs obtained from the literature were published as a report
during the examination and documentation phase.



10n

Root factors
limiting BIM
lementat

imp

 wondeg

'€ uonIag

YIomourer
Teuondeouod
SIOJOBJ PAYTIUSPI

Sumdnois sQ1

[l (i RETY

arrequorisant
parerdurod
AMY 141

7€ o13s

oum} Surmsue
10} sapnuIw 07
suoysanb payLre[)

ameuuorsenb
1red-somy L

1°¢ uondeg

SOI9% PawTEIqO

_ uonIdg _

M sawoNnQ

TOISSNISIT
29 SHNSaY

uonejuaweydur
uonejuowaidurn 4 ! )
Suyuny 0nsuo) oy, nig areauoyson
_\Mwmz 1007 Jo Ayprres Sumrury sxo1oey a1qerer ySg
T Juoje] 131
SuepoN azkeny Szkeny e
uonenbyg I0308,] 10308, firy % M<
emponng £ropewnryuo) froperoydxg L

[

I

I

I

TwoNOR[[0) dsuodsay
pue AeAmg ouIuO

I

sisA[euy ereq

wone[I0) Bl

Figure 1.
Research methodology
framework

Kaamg jonid

|

3[eds JaYI'T
jmod-g ‘suonsenb

PopUL-paso]D

_

MITAY
QIMJBISIIT OLRWIA)SAS

uoneziwe3Io
aneuuonsond)

uonesynuapy (1)
sosne) Jurousnpur

MO [OI8ISIY




OHI

Figure 2.
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(u = 40)

Web of Science (WoS) search engines were used to find scientific papers regarding BIM
implementation. WoS was considered for its accuracy, comprehensiveness, and skilled
coverage of several study fields (Hong and Chan, 2014). The search was limited to English-
language articles and review papers published in academic journals between 2007 and 2021.
Keywords were used to set search parameters in the WoS database. The search parameters
were remarked as keywords: (1) for population, “CONSTRUCTION PROFESSIONALS”; (2)
for outcomes, “BIM ADOPTION CHALLENGES”, AND “BIM ADOPTION OBSTACLES”,
AND “CONSTRUCTION INDUSTRY”.

In total, 563 journal articles were identified during the initial search. Experts recommend
that at least two authors work independently to assess studies that meet the review’s defined
inclusion and exclusion criteria (Templier and Paré, 2015). Therefore, the findings were
confirmed by a crosscheck among the authors within the criteria. Based on the study topic,
researchers should define inclusion and exclusion criteria (Kitchenham and Charters, 2007).
This portion of the method scans all of the grey and irrelevant literature using well-stated
specified inclusion and exclusion criteria, such as “Articles that are irrelevant with BIM
implementation or adoption” or “Articles that are unrelated to the construction industry”

Based on WoS categories, engineering civil, construction building technology,
management, multidisciplinary engineering, and architecture were selected for filtering as
search fields. After filtering 426 articles remained. Both authors then reviewed and examined
each of the 426 abstracts, introductions, and conclusion sections. In total, 124 journal articles
that were not related to construction professionals at the first stage of screening were
removed. Following this step, 179 articles that were irrelevant to BIM implementation or
adoption were excluded. The remaining 123 articles were analysed based on their full text.
Ultimately, 40 articles were selected for thorough examination to identify ICs. The 40 selected
articles were coded in order to relate the key study findings to particular causes categories,
taking into consideration BIM practices, BIM awareness, BIM organisation, and BIM
education. Eventually, 46 ICs that were directly related to these four categories were
determined and are listed in Table 1

3.2 Organizing the questionnaire
Based on SLR, a questionnaire was organised and administered to architects and engineers
working in architectural offices and construction companies in Turkey that do not use BIM
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Table 1.



technology. The questionnaire comprised three main parts. To measure all the causes
limiting extensive BIM implementation, the first part of the questionnaire comprises four
fragments that can be summarised as related to BIM practices, BIM awareness, organisation
and BIM education, and demographic variables. The survey comprised 46 ICs (13 for
practices, 9 for awareness, 18 for organisation, and 6 for education) that were to be assessed
on a 5-point Likert-type scale, with 1 representing “not severe” and 5 representing “most
severe.” All participants rated the importance of the 46 ICs affecting BIM use according to
their presumptions and anticipation.

The second part contained one question that was included to gain insights into the
participants’ general perception of the level of BIM implementation in the Turkish AEC
industry on a 5-point Likert scale.

The participants’ personal and sociodemographic information was obtained in the third
part, which comprised questions focussing on profession, gender, education, experience in
the construction industry, and occupation.

A pilot survey was conducted prior to the main survey. The primary objective of the pilot
survey was to evaluate the clarity of the questions to eliminate any obstacles or unclear
statements in the language and to estimate how long it would take a participant to complete
the survey. A pilot survey was conducted by distributing twenty questionnaires to engineers
and architects who had more than five years of experience in the Turkish AEC industry. The
final version of the questionnaire was created based on feedback and ideas received from the
pilot survey.

3.3 Admunistration process of questionnaire and participants’ profile

The target population of this research included Turkish architects and engineers. The sample
group contains architects and engineers work in companies that do not use BIM technology.
The questionnaires were sent to 600 people via e-mail, consisting of architects and engineers,
from 07 July 2021 to 14 November 2021. In total, 152 questionnaires were returned, of which
11 were extracted because of missing data, and 141 completed questionnaires were used as
material for the current study.

3.4 Data analysis

The participants’ responses were coded and analysed using the Statistical Package for Social
Sciences (SPSS) 22.0 and LISREL 8.7 software to perform several statistical tests, such as
reliability analysis, exploratory factor analysis (EFA), confirmatory factor analysis (CFA),
and structural equation modelling (SEM).

To determine the internal consistency among questions using a Likert scale in a survey,
reliability should be measured (Nunnally and Bernstein, 2007). Cronbach’s alpha (@) was
utilised to determine the statistical reliability and validity of the participants’ replies. The a
coefficient range from “0” to “1”; the minimum acceptable reliability threshold was
determined as 0.7 (Cronbach, 1951; Tavakol and Dennick, 2011).

To achieve the main objective of this study, it is important to identify the underlying factor
structure. To highlight the key factors, the responses for the 46 ICs contained in the
questionnaire were imported into the SPSS program and subjected to EFA using varimax
rotation (eigenvalue = 1 cut-off). Accordingly, the main factors were identified as ICs, with a
factor loading greater than 0.4 (Nunnally and Bernstein, 2007).

Following the EFA analysis, confirmatory factor analysis (CFA) was performed on all
identified ICs using LISREL software to construct validity. Construct validity refers to how
successfully a hypothesised factor has been quantified (Lavrakas, 2008) and survey
questions with higher construct validity can better assess the characteristics they claim to
reveal. CFA was utilised as the primary indicator of validity. Multiple fit indices were selected

Root factors
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to demonstrate evidence of good model-data fit, including the chi-square (y?) test statistic,
comparative fit index (CFI), and root mean square error of approximation (RMSEA). Ina CFA,
the path coefficients among variables are referred to as effect sizes, which have values of less
than 0.1 for small effects, around 0.3 for medium effects, and greater than or equal to 0.5 for
large effects (Lohmoller, 1982). In this study, associations with path coefficients of 0.5 or
greater and t-values of more than 2.58 were considered significant (99% confidence level).

Finally, an SEM was developed using LISREL 8.7 to identify the root factors limiting BIM
implementation quantitatively. This analysis provides an opportunity to confirm the
sufficiency of the model concerning the relationship between measurement paths and latent
variables. While there are several outlooks for the adequacy of path coefficients above the 0.1
threshold, a path coefficient of 0.2 is recommended (Chin, 1998). The higher the path
coefficient, the stronger is the relationship between the independent and dependent
constructs of a path (Lohmoller, 1982).

4. Results

4.1 Respondent profile

When the demographic characteristics of the sample group were examined, 105 (74.5%)
participants were architects available, 36 (25.5%) were civil engineers; 70 (49.6%) were male
and 71 (50.4%) were female. In total, 105 (74.5%) held a bachelor’s degree, 34 (24.1%) held a
master’s degree, and 2 (1.4%) held a doctorate degree. Although people with postgraduate
degrees are in the sector, most architects and engineers have a bachelor’s degree. In total, 86
of participants (61.0%) 0-5 years, 21 (14.9%) 6-10 years, 17 (12.0%) 11-15 years, 10 (7.2%)
16-10 years, and 7 (4.9%) aged 21 years or more had professional experience. Furthermore,
118 participants (83.7 %) occupied the private sector, whereas 23 (16.3 %) worked in the public
sector. When the distribution was analysed according to project type, 71 (50.4%) participants
worked in residential areas, 34 (24.1%) worked in non-residential buildings or facilities
projects, and 36 (25.5%) worked in other projects.

Out of 600 surveys sent, 141 responses were received, representing a 25.3% response rate.
When conducting surveys, the appropriate response rate for research in the construction field
is between 20 and 30% (Akintoye, 2000). Therefore, the response rate is considered
acceptable.

4.2 Reliability and validity of questionnaire vesults

The Cronbach’s o coefficient of the dataset for the 46 ICs affecting BIM implementation and
the level of use of BIM technology in the Turkish construction industry was determined to be
0.961, which is above the minimum threshold of 0.7 (Tavakol and Dennick, 2011).

4.3 Designating latent factors limiting the BIM implementation-EFA

The lighting factor structure is significant because an elementary aim of this study is to
investigate the root factors limiting BIM implementation. Prior to reaching this aim,
exploratory factor analyses (EFA) was performed to identify the latent factors. In this study,
the EFA was extracted using the principal component method and the Kaiser normalisation
of rotation for varimax was applied. ICs with a loading factor greater than 0.5 were
determined to be the primary factors. Table 2 summarises the 46 ICs, along with their factor
loadings and coefficient alpha reliabilities.

The sample adequacy value for Kaiser—Meyer—Olkin (KMO) is 0.865, which is greater than
0.5, indicating that the sampling was adequate for factor analysis (Pallant, 2005). Bartlett’s
test on the data reported a significant value of y* (6345.31), p < 0.001, indicating that
correlations between items were sufficiently substantial to perform EFA. The loadings of ICs



Confirmatory factor Root factors

Exploratory factor analyse analyse . hmltlng BHVI
Eigen % Of Factor Standardised 1mplementat10n
Factors Code of ICs value variance loadings coefficients
Factor 1 (ALB) A8 17.564 17.225 0.869 0.90
A6 0.864 0.87
A4 0.862 092
A2 0.860 0.86
A3 0.857 0.85
A7 0.849 0.87
A5 0.843 0.89
Al 0.839 0.85
A9 0.833 0.86
Factor 2 (LMS) 06 4814 12.354 0.823 0.86
05 0.809 0.85
(023 0.766 0.82
o7 0.681 0.74
08 0.678 0.71
01 0.598 0.70
03 0.559 0.75
09 0.554 0.65
02 0.490 0.67
Factor 3 (PBT) 017 3511 10.991 0.716 0.75
014 0.702 0.73
016 0.676 0.78
018 0.655 0.67
013 0.604 0.83
015 0.576 0.79
012 0.556 0.75
011 0.499 0.78
010 0.478 0.69
Factor 4 (LBE) E4 2311 10.227 0.807 0.88
El 0.803 0.80
E2 0.800 0.85
E3 0.793 0.88
E6 0.682 0.74
E5 0.629 0.67
Factor 5 (BSP) P11 1.851 7.631 0.785 0.80
P13 0.780 0.80
P12 0.724 0.88
P10 0.670 0.72
P9 0.554 0.50
Factor 6 (LIB) P4 1481 5.812 0.736 0.69
P5 0.725 0.93
P6 0.508 0.69
Factor 7 (LCS) pP7 1.169 5.014 0.777 0.89
P8 0.745 0.88
Factor 8 (BBT) P1 1.154 4.342 0.790 0.68
P2 0.685 0.81
P3 0.543 0.58
Total explained variance 73.597 y2/df 2.20
Kaiser-Meyer—Olkin (KMO) value 0.865 RMSEA 0.04
Barlett’s test of Approx. 6345.315 CFI 0.96
sphericity chi-square Table 2.
df 1,035 GFI 097 Results of EFA

p 0.000 AGFI 0.91 and CFA
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onto their corresponding grouping were then revealed using a varimax rotation, as indicated
in Table 2. All component loadings exceeded 0.40, implying that all ICs placed onto their
respective factors are critical (Hair et al., 2006).

EFA revealed eight factors with eigenvalues greater than 1, accounting for 73.59% of the
total variance. Each factor was assigned a name corresponding to the nature of latent factors
which load onto that particular component. The interpretations, labels, and abbreviations for
each of these components are as follows:

(1) Factor 1: Awareness and knowledge level of BIM (ALB);

(2) Factor 2: Lack of management support (LMS);

(3) Factor 3: Problems with BIM transition process (PBT);

(4) Factor 4: Lack of BIM education and training opportunities (LBE);
(5) Factor 5: BIM-based software problems (BSP);

(6) Factor 6: Lack of incentives for BIM (LIB);

(7) Factor 7: Lack of communication between project stakeholders regarding the use of
BIM (LCS) and

(8) Factor 8: Bias regarding BIM technology (BBT).

4.4 Confirmatory factor analyse

The results of the CFA supported the use of an eight-factor model to identify the root factor
limiting BIM implementation. Table 2 lists the CFA results, where all the standardised
coefficients are equal to or higher than 0.5. Goodness of fit (GOF) was proposed to evaluate the
model. The results were satisfactory, with a value of x%/df = 2.20 <3.00 was obtained. The
comparative fit index (CFI) was 0.96, the root mean square error of approximation (RMSEA)
was 0.04, and the goodness of fit index (GFI) was 0.97. These results indicated a good model
fit. The fitness ratios of the model indicate that the CFA model fits the data well. Therefore,
the model allows the verification of the measurement scales. Therefore, all ICs and latent
factors included in the hypothetical model were considered reliable, and SEM was utilised to
test the theoretical model.

4.5 Evaluation of measurement model
After the CFA checked the validity of the measurement scale, a hypothetical model was
constructed and eight hypotheses were developed (Figure 3). Each path in the model presents
a hypothetical relationship between a pair of constructs.

Regarding the eight latent factors (ALB, LMS, PBT, LBE, BSP, LIB, LCS, and BBT), root
factors limiting the BIM implementation was considered. Therefore, eight hypotheses were
established (paths in Figure 3) to identify the root factors limiting the BIM implementation.

HI1. ALB has a direct effect on BIM implementation.
H2. LMS has a direct effect on BIM implementation.
H3. PBT has a direct effect on BIM implementation.
H4. LBE has a direct effect on BIM implementation.
Hb5. BSP has a direct effect on BIM implementation.
H6. LIB has a direct effect on BIM implementation.



Awareness and
knowledge level of
BIM (ALB)

BIM-based software
problems (BSP)

Lack of incentives
for BIM (LIB)

Lack of management
support (LMS)

BIM Implementation

Lack of communication
between project

stakeholders regarding the
use of BIM (LCS)

Problems with BIM
transition process

(PBT)

Lack of BIM education
and training opportunities

(LBE)

Bias regarding BIM
technology (BBT)

H7 LCS has a direct effect on BIM implementation.
HS8. BBT has a direct effect on BIM implementation.

4.5.1 Reliability testing. Regarding the conceptual model (Figure 3), SEM was developed
(Figure 4), which presents the standardised path coefficients of each hypothesis. The
measurement model’s convergent validity and individual item reliability values, which were
concurrently produced, must be evaluated.

The construct’s reliability can be quantified using two methods: Cronbach’s alpha (@) (CA)
and composite reliability (CR) (Hair ef @/, 2011). Because the indicators are not equally reliable,
the rule of thumb for both reliability criteria is that they must be greater than 0.70. Because CR
(weighted) is more accurate than CA (unweighted), it should be evaluated and reported. Both
CA and CR assessed the reliability of the model constructs in this study. The degree to which
items regularly display the hidden construct is referred to as construct reliability (Hair ef al.,
2014). In the present study, CR for all constructs/latent variables exceeded the recommended
cut-off of 0.70 and ranged between 0.734 and 0.966, and all CA values surpassed the
recommended cut-off of 0.70 and ranged from 0.724 to 0.968, as listed in Table 3.

4.5.2 Validity testing. The data were validated after review for reliability. The Average
Variance Extracted (AVE) test (Fornell and Larcker, 1981) was used to evaluate the internal
consistency of the construct by assessing the amount of variance captured by a latent variable
from its measurement items to the amount of variance captured by measurement errors.

According to Fornell and Larcker (1981) and Hair ef al (2011), the AVE should be greater
than 0.5, indicating that the latent variables accounted for at least 50% of the measurement
variance. In this study, all AVE values ranged from 0.56 to 0.79, exceeding the required AVE
of >0.50, supporting the use of all constructs (Table 3).

4.6 Evaluation of structural model

After determining the reliability and validity of the measurement model, its structure
was tested. Four distinct tests were conducted to establish the inner model, as indicated by
Urbach and Ahlemann (2010), Hair et al (2017), and Ramayah et al (2016): coefficient of
determination (R%), GOF measures, t-value test, and path coefficient.

Root factors
limiting BIM
implementation

Figure 3.
Hypothetical model of
root factors limiting the
BIM implementation
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The model was assessed based on first GOF measures in Table 4.

Root factors

Meanwhile, #-value test, path coefficient values and R? values were used for evaluating the limiting BIM
results presented in Table 5. implementation
The coefficient of determination, often known as R?, is a crucial measure for evaluating the p
structural model. The R? value indicates how much variance in the endogenous variable can
be explained by one or more exogenous factors (s). The R? values, which reflect the ability of
the exogenous variables to explain the endogenous variables, determine the structural
model’s quality. R? levels exceeding 0.67 are regarded as strong, and values between 0.33 and
0.67 are considered moderate, while R? values between 0.19 and 0.33 are considered weak, and
R values less than 0.19 are deemed unacceptable (Urbach and Ahlemann, 2010). Hair et al.
(2017) considered the model to be considerable if R* = 0.75, moderate if R* = 0.50, and weak if
R% = 0.25. As presented in Table 5, the R values of the current study range between 0.33
and 0.77.
Constructs/Latent variables CR Cronbach’s alpha (CA) AVE
ALB 0.966 0.968 0.76
LMS 0.921 0.920 0.57
PBT 0.920 0.920 0.56
LBE 0916 0916 0.65 Table 3.
BSP 0.862 0.866 056 Reliability results and
LCS 0.879 0.875 0.79 constructs/latent
BBT 0.734 0.724 0.58 factors
Fit index Suggested values Observed values Evaluation
7df Fdf<3 2.17 Excellent
GFI 095 < GFI < 1.00 0.96 Excellent
AGFI 0.90 < AGFI <1.00 0.92 Excellent
NFI 0.95 < NFI < 1.00 0.96 Excellent Table 4.
CFI 0.95 < CFI < 1.00 0.95 Excellent Summary statistics of
RMSEA 0 <RMSEA < 0.05 0.04 Excellent model fitness indices

Hypothetical paths and expected influences  Path coefficient”  t-value (1-tail) R Interpretation

H1: ALB — BIMP 70.581& —6.77 034 Supported
H2: LMS — BIMP —087 -10.29 0.75  Supported
H3: PBT — BIMP —0.88" —911 0.77  Supported
H4: LBE — BIMP 70.65f —7.46 043  Supported
H5: BSP — BIMP —065 —6.89 042  Supported
H6: LIB — BIMP -068" —6.36 046  Supported
H7: LCS — BIMP 70.57).5 —6.46 033 Supported
H8: BBT — BIMP —0.68" —5.65 042  Supported

Note(s): “All standardised path coefficient estimates are expected to be significant at p < 0.01; ALB:
awareness and knowledge level of BIM; LMB: lack of management support; PBT: problems with BIM transition
process; LBE: lack of BIM education and training opportunities; BSP: BIM-based software problems; LIB: lack
of incentives for BIM; LCS: lack of communication between project stakeholders regarding the use of BIM; BBT:
bias regarding BIM technology and BIMP: BIM implementation

Table 5.
Standardised
coefficient estimates of
the model
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The SEM revealed that all hypotheses in the conceptual model were supported. Table 5
presents that the f-values for each hypothesis exceed the critical two tailed t-value of 2.58 at the
0.01 significance level. The fully evaluated model is illustrated in Figure 4.

5. Discussion

The current study examined the root factors affecting BIM implementation in the Turkish
construction industry in terms of challenges in the use of BIM by architects and engineers
using data from 141 questionnaire respondents in the industry who work in companies that
do not use BIM technology.

The EFA and CFA revealed eight IC factors that limit BIM implementation. With the
construction of SEM, the root factors limiting BIM implementation were identified.

SEM supported all eight hypotheses. As shown in Figure 4 and Table 5, there are
differences in the path coefficient values of the hypotheses. Path coefficient values that are
approximately one imply a strong association, whereas values near zero indicate a weak
relationship (Hair et al., 2019). Therefore, the significance and effect of the root factors divided
into three groups that path coefficient range between 1 and 0.81 are the most crucial and has
very high effect; 0.80-0.61 has the high effect, and 0.60-0.40 have a moderate effect. While
this does not imply that the determined root factors that are moderate and high do not have
any significance with regard to BIM implementation, it will guide the determination of
priority issues that need to be resolved.

Based on the path coefficient groupings, two root factors occur in the first group:
“Problems with the BIM transition process (PBT)” is the most influential root factor limiting
BIM implementation with a path coefficient of —0.88. The second important root factor is the
“lack of management support in the use of BIM technology in the sector (LMS)” with —0.87
path coefficient, which is as significant as PBT. Although previous studies (Ganah and John,
2015; Vass and Gustavsson, 2017) identified these factors under the list of challenges and
barriers to BIM implementation in different countries, this study revealed that “problems
during the process of transition to BIM” and “lack of management support in the use of BIM”
are the most significant limiting factors having significant effects on root factors for BIM
implementation. The two root factors mentioned above are directly related with support of
the management. This result is partially consistent with the research of Sinoh et al (2020),
who found that management and leadership have the strongest direct effect on BIM
implementation, with a path coefficient of 0.457. In contrast, the current study revealed that in
addition to management support problems faced during the transition phase to BIM are also
significant factors limiting BIM implementation.

Undoubtedly, involvement and support management are critical to the success of
technology implementation (Mitropoulos and Tatum, 2000; Francoise et al., 2009). However,
problems encountered during the transition process should not be ignored for successful BIM
implementation. Consequently, the resistance to change decreased. As Yiing and Ahmad
(2009) point out, top management is ultimately responsible for deciding whether to employ
new software or technology. In fact, it is particularly true for companies that use a top-down
management system, which is common in the construction industry, particularly in Turkey
and other developing countries (Theong ef al., 2014). Therefore, the acceptance of innovation
by management has a favourable impact on BIM implementation.

Within the high affecting root factors as the second group “Lack of incentives for BIM (LIB)”
with —0.68 path coefficient; “Lack of BIM education and training opportunities (LBE)”, “BIM-
based software problems (BSP)”, and “Bias regarding BIM technology (BBT)” with —0.65 path
coefficients are considered. This result is partially consistent with that of previous studies.

Most previous studies highlighted the significant role of government support and incentives
to BIM (Chan et al, 2019b; Jiang ef al, 2022) with ranking and descriptive analysis. However,



these efforts fail to determine the impact and size of the effect. Based on the findings of this
research, lack of government support is a high effect root factor limiting BIM implementation.

Similarly, BIM-based software problems are also root factors limiting BIM
implementation. Unlike Sinoh ef al. (2020) that revealed software knowledge and problems
and hardware availability are less significant than non-technical factors, this study
ascertains that software problems are as much important as non-technical factors.

Unlike previous research, this study revealed the original root factor of LBE. Although the
importance of BIM education has been highlighted in previous studies (Sinoh et al., 2020,
Elmali and Bayram, 2022), there is no existing research that evaluates and incorporates the
lack of BIM education as a latent factor at former researches. Some previous studies (Chan
et al., 2019a, 2019b; Liao et al., 2019) have addressed this issue within the context of training.
However, this subject gained a different perspective from this result. The number of qualified
and skilled staff members using BIM is still lacking around the world. Arranging training
with the firms for staff is neither sufficient nor economical. Higher education institutions in
Turkey lack the expertise or resources required to create sufficient BIM-capable graduates
for the AEC industry (Ttrkyilmaz, 2016). Departments of architecture and engineering in
higher education could restructure their curricula and add BIM-related courses to educate
undergraduates.

Among the moderate influential root factors as third group “Awareness and knowledge
level of BIM (ALB)” with —0.58 and “Lack of communication between project stakeholders
regarding the use of BIM (LCS)” with —0.57 path coefficients emerged as relatively high. The
result regarding BIM awareness is partially consistent with previous research (Gamil and
Rahman, 2019; Enshassi et al, 2016) that which identified BIM awareness as only a criterion
under the list of BIM implementation challenges/barriers. However, the lack of BIM
awareness of BIM potential is a core factor of BIM implementation (Khoshfetrat et al., 2020;
Gamil and Rahman, 2019). Unlike these studies, the current research highlights BIM
awareness with its impact and effect on BIM implementation. BIM awareness is required
throughout a project’s lifetime (design, construction, and operation), which is necessary for
BIM adoption (Olanrewaju ef al., 2021).

A differentiation is revealed regarding the lack of communication among stakeholders
between former and current research. Sinoh et al. (2020) stated that non-technical factors,
such as communication, ranked higher than technical factors; however, communication
among stakeholders has the least path coefficient (—0.57) among eight root factors that
have considerably high effects. Sinoh et al. (2020) focused on the Malaysian AEC industry.
Although Malaysia and Turkey are developing countries, their cultures are different:
Malaysians are predominantly collectivists, whereas Turkish are uncertainty avoidant
(Hofstede Insights, 2022). Therefore, cultural dissimilarities may explain this
differentiation.

6. Conclusions

BIM technology has significant advantages for all stakeholders, particularly architects and
engineers in the construction industry. Although the use of BIM has increased in many
countries, the use of BIM is uncommon in Turkey and other developing countries. To promote
BIM implementation in developing countries, the root factors limiting BIM implementation
should first be known to find optimised solutions. Therefore, this study identifies the root
factors limiting BIM implementation using SEM, which has been overlooked in previous
research. This study is unique in that it assists construction researchers and stakeholders
identify the primary factors that impede BIM implementation, which is critical for BIM
implementation throughout a project’s lifetime. Furthermore, this study is the first to develop
a quantified model to demonstrate and measure the effect size of the root factors limiting BIM
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implementation which will be useful for policymakers in Turkey to devise appropriate
frameworks for BIM adoption in the Turkish AEC industry, which could be generalised to
other developing countries. This model would be valuable for construction stakeholders and
firms to adopt BIM in their projects. Furthermore, this study has crucial management
implications and empirical contributions for the AEC sector, which are outlined below.

6.1 Conceptual and empirical contributions

The proposed model proved the need for BIM implementation, particularly in the AEC
industry of developing countries. This study identified the core causes of BIM
implementation limitations using the proposed model. Consequently, the gap between BIM
theory and practice is close. To the best of our knowledge, no study has investigated the root
factors restraining BIM implementation in Turkish or other developing countries in the AEC
industry. In the first stage of the study, ICs was identified using the SLR. This result paves the
way for further research on the factors that hinder BIM implementation in developing
countries, particularly in the field of construction management. To this end, the theoretical
aspects of this study provide a mathematical framework for identifying and quantifying the
root factors limiting BIM implementation in Tukey and other developing countries, which
could be used successfully in Tukey and other developing countries. Using SEM, eight
factors that limit BIM implementation in the Turkish construction industry were identified.
Consequently, this study provides a framework for policymakers who are interns to
incorporate BIM impartially. Furthermore, this study made several conceptual and empirical
advances which are as follows:

(1) The study contributes to the conceptual framework by identifying and
conceptualising additional components to be added to it, such as the influence of
root factors restricting BIM implementation in the construction sector.

(2) Most BIM implementation studies have been conducted in developed countries (the
UK, USA, Hong Kong, and Australia). Few studies have been conducted on BIM
implementation in the Turkish construction industry; therefore, the findings of the
current research may be generalised to developing countries. The present work lays a
solid foundation for addressing BIM implementation to increase the dependability of
local construction projects and close the knowledge gap highlighted earlier.

(3) This study’s findings include a substantial prediction tool (SEM) for discussing the
influence of limiting BIM implementation factors on the construction sector for the
first time. Consequently, this tool has the potential to improve traditional BIM
implementation in the construction industry, particularly in developing countries.
This contribution is empirical in nature because it focused on evaluating a theoretical
linkage between eight root factors limiting BIM implementation, which have not
previously been tested.

(4) Regarding the geographical context, it is evident that BIM implementation remains at
a low level, and this is projected to skyrocket over the next few years. The present
empirical study provides evidence that there is a significant and negative impact of
the root factors limiting BIM implementation in the construction industry.
Consequently, this can encourage the Turkish government and other local
organisations to implement BIM.

6.2 Managerial implications
The following managerial implications can be used by construction practitioners to
understand the impact of root factors limiting BIM implementation.



Accordingly, “Problems with BIM transition process (PBT)” and “Lack of management
support (LMS)” are the most influential root factors limiting the BIM implementation and
thus are worthy of our attention. The following measures can be taken to mitigate the adverse
effects of these factors.

@

@
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Regarding PBT, this study suggests that key stakeholders in the construction
industry, such as top management, clients, chief contractors, and engineering
companies, reduce their resistance to change and adopt dynamic and supportive
attitudes toward BIM. Construction project owners, clients, and real-estate developers
of construction projects are advised to be proactive in adopting BIM.

Owing to stakeholders’ resistance to changing from the industry’s conventional 2D to
3D approach, a shift in perspective is required to enhance BIM adoption in
construction projects in Turkey, as well as in most developing countries, by both
private and public property developers.

Regarding LMS, it is recommended that the up-down management create a
dedicated BIM department to handle or support BIM deployment in their projects in
the long run. Moreover, top management in construction organisations are urged to
address gaps in their employees’ skill sets by supporting them in attending
appropriate BIM seminars, workshops, or conferences to improve their BIM capacity
and knowledge.

The use of new software and hardware is not the only method to implement BIM. In
reality, this necessitates a change in conventional construction delivery processes.
The early engagement of all the important stakeholders in a construction project is
part of this transition. It guarantees that all stakeholders may contribute their
knowledge and experience to create a digital model that requires as little change as
possible as the project advances. Organisations and their management should be
open to change to effectively implement BIM at the intra-firm level and adapt to
industry development at the inter-firm level.

Lack of incentives for BIM (LIB)”, “Lack of BIM education and training opportunities (LBE)”,
“BIM-based software problems (BSP)”, “Bias regarding BIM technology (BBT)” constitute
the second group root factors limiting the BIM implementation. To mitigate the adverse
effects of these factors.

@

@

Both universities and the government should take responsibility for LBE. Related
departments of universities, particularly architecture and engineering
departments, should update their education curricula and increase the number of
BIM-related courses. Higher education institutions and the government should
collaborate to develop a national BIM curriculum to fulfil the need for BIM
proficiency among graduates entering the workforce. This guarantees that
graduates entering the AEC sector have the necessary skills and expertise to
apply BIM to their businesses. The creation of such a curriculum may be a subject of
future research.

The government should establish and fund educational programs for industry
professionals and create a knowledge portal with historical performance data and
lessons learnt to evaluate the most effective BIM implementation approaches.
Furthermore, construction stakeholders should motivate their staff to acquire
practical skills and real-world experience through frequent BIM training programs
that help them stay updated and be aware of critical abilities that need to be
improved.

Root factors
limiting BIM
implementation




OHI

®)

@)

©)

©)

©)

Initial investment is required to purchase new software, hold training programs, and
hire consultants. Government financial incentives may be provided to relieve these
companies’ financial pressure.

One of the main obstacles in the global AEC industry is the BIM software.
Consequently, this study encourages further collaboration between software vendors
and construction companies. The partnership is intended to help provide a greater
degree of compatibility and lower the risk of data loss during data migration across
the software. Moreover, complete migration to cloud BIM by both organisations and
developers may reduce the severity of this problem.

During the early phases of BIM implementation, the government should actively
promote local BIM demand by granting incentives and financial subsidies to the local
AEC industry as well as selecting a few pilot projects to introduce BIM to the ACE
industry.

The government should implement legislation and rules to encourage construction
companies to use BIM during their project execution. The government should also
provide an enabling environment for BIM users, including intellectual property
protection, BIM rules, and a common contract for BIM implementation.

The advantage of gaining a long-term competitive advantage as a result of successful
BIM implementation as well as government subsidies can help industry participants
overcome psychological barriers to change and initiate BIM implementation.

Governments that are yet to take measures to incentivise BIM implementation could
use these managerial strategies to develop and implement their plans and policies
more strategically and efficiently. They can conditionally mandate BIM use in their
construction and building projects, establish national data exchange standards for
improved multidisciplinary model integration, and provide technical support by
defraying a portion of the capital investments in software purchase, subscription,
updating, and training.

“Awareness and knowledge level of BIM (ALB)” and “Lack of communication between
project stakeholders regarding the use of BIM (LCS)” constitute the third group root factors
limiting the BIM implementation. To mitigate the adverse effects of these factors.
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Information regarding BIM has to be synchronised with workflows to improve the
awareness.

Effective communication is crucial, allowing people to be involved in the
implementation process while being simultaneously educated about organisational
practices, expectations, and goals.

As a controlling position, the project manager strives to establish and maintain good
information resources, thereby improving communication quality. As a supporting
job, the BIM coordinator helps project management, information transfer across
projects, and communication. It has been argued that the activities of the controlling
role have a significant influence on information quality. In contrast, when information
on true facts and alternate routes is lacking, a lack of communication limits the
prospects for collaboration. The capacity of project participants to inform the design
early on is considerably strengthened by this method.

The suggested conceptual framework revealing the root factor groups is unique and can
support BIM implementers in identifying particular modifications to their BIM



implementation operations to improve BIM implementation more effectively. Consequently,
the primary results of this work contribute to the BIM implementation scholarship. To reduce
the effects of the root factors of BIM implementation, project teams, which include executives
and workers from significant stakeholders, should adapt their usual work practices.

6.3 Limitations and future research

Despite the great efforts made in this study to contribute significantly to the identification of
the root factors limiting BIM implementation, it has several limitations. These limitations will
lead future studies. First, it was limited in terms of geographical location. The research
instrument (questionnaire) was administered only to architects and engineers in Turkey.
Future studies should seek to further explore other developing countries to improve the
generalisability of the study which will build upon this work with new contributions. Besides
architects and engineers, different stakeholders (contractors and material suppliers) should
be incorporated into the sampling. Furthermore, the perception of ICs and root factors
limiting BIM among the stakeholders could be examined at future studies. This study
contributes to identifying the root factors hindering BIM implementation in developing
countries by using SEM with theoretical conceptualisation. Future studies could use the
innovation diffusion theory or examine roadmaps to overcome BIM implementation
challenges and develop supportive strategies to increase BIM implementation in developing
countries. Moreover, the developed SEM provided a good fit; future research could focus on
the mediating influence of the demographic variables of participants.
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