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Abstract: The widespread adoption of building information modelling in the construction industry
faces significant obstacles, particularly among small and medium-sized construction enterprises. This
research accessed barriers to building information modelling adoption among small and medium
enterprises in the Nigerian construction industry. The study obtained quantitative data from
182 participants out of the 200 questionnaires that were distributed. A combination of descriptive and
exploratory factor analysis was performed using IBM SPSS version 26, and the Kaiser–Meyer–Olkin
(KMO) test and Bartlett’s sphericity test were conducted to check data adequacy and reliability. The
study findings clustered five factors from the 25 identified barriers to BIM adoption in SMEs in the
Nigerian construction industry. They are functionality and compatibility, risk and the unavailability
of BIM resources, inadequate awareness of BIM, inadequate clients’ demands and support, and
stakeholders’ skills gaps. The study recommends training opportunities for construction profession-
als, government facilitation through incentives, and safeguarding intellectual property linked to
BIM-oriented projects. Collaboration among construction stakeholders would also increase client
awareness and knowledge sharing on modern technology, such as BIM adoption in SMEs in the
construction industry.

Keywords: building information modelling; construction industry; construction professionals; small
and medium-sized enterprises; technology

1. Introduction

The evolution of project conceptualisation, from the initial design phase to the effi-
cient management of construction facilities, has been accelerated by integrating modern
technology within the construction industry [1,2]. Modern technology in the construction
industry, like BIM, has brought about transformative changes, enhancing various project
development and management aspects, including design precision, collaboration efficiency,
resource optimisation, and overall project performance [3]. Through the strategic incor-
poration of modern tools and digital solutions, the construction industry has experienced
a paradigm shift, resulting in streamlined processes, improved decision-making, and the
realisation of more successful and sustainable construction projects [3]. Despite the ad-
vancements in modern technology used in construction operations, many construction
professionals continue to rely predominantly on traditional methods, such as paper-based
working drawings and the manual extraction of building quantities, to execute various
construction projects [4,5]. This often results in gross errors in the form of wrong interpreta-
tion during estimating and at the construction stage [5]. Sometimes, the client’s intention is
wrongly interpreted, leading to dissatisfaction at the end of the project [4].

However, continuous research and development in solving construction challenges
from the design stage to the property management level brought the need to adopt con-
struction technology such as BIM into construction operations and processes [6]. Building
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information modelling technology is strategically developed to tackle significant issues
prevalent in the construction industry [7,8]. These include deficiencies in effectively con-
veying clients’ intentions, the potential for contractors to misconstrue intricate working
drawings, recurrent rework due to discrepancies, and inaccuracies in project cost estima-
tions, among others in the construction industry [9]. However, the seamless integration of
BIM technology into construction operations has many barriers preventing its adoption
to construction operations [10]. This is particularly pronounced among the construction
SMEs, which significantly populate the construction industry landscape [11]. These barri-
ers are notably magnified owing to the dominance of these SMEs within the construction
industry, necessitating careful consideration of strategies to foster the successful adoption
and utilisation of BIM technology [11].

However, in addressing numerous barriers associated with BIM adoption within con-
struction SMEs in the construction industry, this study explicitly focuses on examining
barriers to BIM adoption among construction SMEs. The motivation for this study was
based on a similar study on barriers to BIM adoption in construction SMEs in developing
countries [12]. However, the study by [12] only focused on selected expert panellists and
used an interpretive structural modelling approach. Hence, this present study addresses
this gap by assessing barriers to BIM adoption in construction SMEs among construc-
tion professionals using different professional bodies in the construction industry in Lagos
toward a better understanding of barriers to BIM adoption in SMEs in the Nigerian construc-
tion industry. This study also uses exploratory factor analysis (EFA) to gather information
and explore the interrelationships among a set of variables in research [13].

This study will contribute an additional theoretical base to the body of knowledge for
future studies on BIM adoption among construction SMEs in the Nigerian construction
industry. The practical implications of this study’s findings intend to assist construction
stakeholders, government policymakers, and professional institutions in understanding
strategies to overcome barriers to BIM software (Revit architecture, ArchiCAD, Naviswork
manager, Protastructure, QS CAD, Revit MEP and others) functionality and compatibility,
risk and the unavailability of BIM resources, inadequate awareness of BIM, inadequate
client demands and support, and stakeholders’ skills gaps that significantly affect BIM
adoption by construction SMEs in the Nigerian construction industry.

2. Literature Review
2.1. Small and Medium Construction Enterprises in the Construction Industry

The role of small and medium-sized enterprises in global development cannot be
underscored in terms of economic growth, innovation, job creation, and contribution to
environmental stability [1,14,15]. According to Ward [16], SMEs are businesses categorised
by their revenues, assets, and number of employees, all falling below a specific threshold
set by each country’s SME classification. SMEs are adept at innovating and creating new
products or services, making them highly adaptable to dynamic market demands [17].
Their pivotal role in shaping a country’s economy underscores them as an attractive
and extensive innovative system. According to Endris and Kassegn [18], SMEs hold the
potential to significantly impact the achievement of numerous sustainable development
goals, surpassing the expectations set by their size. Fiseha and Oyelana [19] also note
that SMEs play a pivotal role in tackling the challenges of poverty, inequality, and job
creation in rural areas, and they serve as significant sources of employment, especially for
women, low-skilled workers, and the youth. Similarly, the role of SMEs in the construction
industry is of utmost importance, serving as vital materials suppliers to construction
works, independent project contractors, and essential sub-contractors supporting larger
projects and construction companies [20]. Construction SMEs are the lifeblood of the
construction industry, serving as catalysts for generating social value, fostering innovation,
and propelling product development [19].

Construction SMEs have become a driving force of sustainability in the construction
industry [21]. Sustainable development in construction SMEs involves the conscientious
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integration of environmentally and socially responsible practices throughout the lifecy-
cle to minimise negative impacts and promote long-term viability [22]. Adopting BIM
technology is pivotal in advancing this goal [22]. The adoption of BIM by construction
SMEs contributes to sustainable growth by minimising resource wastage, reducing car-
bon footprints, enhancing project efficiency, and creating aesthetically and functionally
superior buildings that are more environmentally and socially responsible [23]. According
to Lévy and Ouellette [24], BIM’s data-rich environment allows for effective monitoring
and analysing the building’s energy consumption, water usage, and overall environmental
performance. This data-driven approach empowers construction SMEs to identify opportu-
nities for energy savings, operational efficiency, and improved indoor air quality, leading
to more environmentally friendly and economically viable structures [23].

2.2. Construction Technology

Jones [25] described construction technology as integrating innovative tools, methods,
and processes into construction operations to improve various aspects of project planning,
design, execution, and management. Practically, all construction aspects are innovating
with cutting-edge technology, a new dimension to projects and construction execution in
the construction field [7]. It involves a wide range of digital solutions, software applications,
devices, and advanced techniques, which contribute to improving construction projects’
efficiency, accuracy, safety, and sustainability [26]. Modern construction technologies can
be likened to BIM, drones and unmanned aerial vehicles (UAV), augmented reality (AR),
modular construction, 3D printing, construction management software, smart sensors,
internet of things (IoT), robotics, green and sustainable technologies, artificial intelligence
(AI), blockchain technology, site management, and safety tools, which are used simul-
taneously at different stages of construction to achieve quality and a functional project
output [27–30]. Construction technology such as BIM improves project efficiency, reduces
costs, enhances collaboration, reduces environmental impact, and ensures safer working
conditions [31]. As technology advances, the construction industry evolves, benefiting from
innovative solutions that shape how buildings and infrastructure are planned, constructed,
and managed [31,32].

2.3. Building Information Modelling

Building information modelling is a digital process revolutionising how construction
projects are planned, designed, built, and managed [33]. It presents a comprehensive
landscape for improved construction practices by incorporating a high coordination and
management level from the initial construction stage to the end-user level [34]. BIM in-
volves creating a 3D digital model of a building or infrastructure project that encompasses
its physical and functional attributes [35]. The robust data in BIM encourages collaboration
among various stakeholders, such as architects, engineers, contractors, and facility man-
agers [35]. All relevant parties can access and work on the same model simultaneously,
leading to better coordination and communication throughout the project lifecycle [36].
This is a central repository of information, encompassing everything from the building’s
geometry and structural components to the materials used and operational data [37]. It
gives project sponsors a platform to communicate their intentions appropriately and con-
tribute at all construction stages [37]. Furthermore, incorporating BIM into the construction
processes could enhance the process of preparing maintenance budgets, leading to more
effective maintenance practices within the construction industry [38]. BIM improves project
delivery timelines and cost-effectiveness by enhancing collaboration, reducing errors, and
streamlining processes [39]. In addition, BIM data can be used during the operational phase
of a building to support facility management tasks, such as maintenance scheduling, asset
tracking, and energy performance analysis [40]. This data-driven approach ensures that
buildings operate efficiently and sustainably. Summarily, BIM has the potential to trans-
form the construction industry by fostering a more integrated and data-driven approach
to project management, resulting in improved construction practices, better building pro-
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duction, and enhanced user experiences [41]. Despite the huge benefits BIM is associated
with, developing countries are lagging in its adoption, especially construction SMEs in the
Nigerian construction industry [42].

2.4. Barriers to Building Information Modelling Adoption in SMEs in the Nigerian
Construction Industry

James [5] notes that the lack of progress in overall efficiency and productivity in con-
struction SMEs is primarily due to the continued reliance on manual labour and outdated
business models. This, in turn, has resulted in stagnation and hesitance to fully embrace
technological advancements like BIM [5]. Fragmentation and outdated business models
further exacerbate this problem, as they often prioritise familiarity and comfort rather than
embracing innovative solutions such as BIM, thus hindering progress and growth [43].
Aigbavboa [44] noted that some of the stumbling blocks to growth in SMEs can be traced
to poor managerial skills, planning, and inadequate skills, among others. The inability
of construction SMEs to recognise BIM as a digital innovation that will transform the
construction industry often makes them reluctant to use BIM technology for their construc-
tion operations and processes [22]. Although BIM offers numerous advantages, such as
enhanced collaboration, streamlined project management, and reduced errors, the lack
of willingness to fully embrace BIM technology hampers its widespread adoption. As a
result, the construction industry loses out on the potential improvements in efficiency and
productivity that BIM can provide [45].

While the trend towards adopting BIM is gaining traction and becoming standard
practice within the construction industry, there remain uncertainties about the capacity
of the current legal framework to support BIM adoption effectively [46]. Conventional
construction contracts, designed without consideration for BIM’s collaborative nature, are
ill-equipped to address their unique approach to executing construction projects success-
fully [47]. This mismatch can lead to contractual disputes in many construction projects [46].
Team collaboration in BIM raises several concerns, including a deficiency in trust, ambigui-
ties surrounding ownership, intellectual property rights, breakdowns in communication,
and disparities in cultural perspectives, among other factors [48]. Furthermore, supplemen-
tary barriers to BIM adoption may emerge concerning the generated data, encompassing
potential data loss, inconsistencies in data, errors, and accountability for inaccurate or in-
complete data [49]. These collective challenges mutually impede the widespread adoption
of BIM by construction SMEs operating within the Nigerian construction sector [49].

Saka and Chan [12] attributed the barriers to BIM adoption in developing countries,
particularly construction SMEs in Nigeria, to complex sociotechnical systems with the
external environment, internal environment, and technology context. According to ref. [50],
construction SMEs face major barriers to adopting BIM technology due to its high cost.
This cost encompasses the investment in BIM software and hardware, training existing
staff or hiring new experts, and meeting certification and licensing requirements [49]. As a
result, construction SMEs perceive BIM as an expensive technology to implement in their
operations [50]. Likewise, the lack of clear benefits, insufficient incentives for adoption, the
absence of risk insurance, and the absence of established BIM standards create difficulties
for construction SMEs in adopting BIM within the construction industry [51]. Furthermore,
construction SMEs lack sufficient support and encouragement from the government re-
garding policies and documentation procedures for adopting BIM [52]. Puolitaival and
Fotsythe [53] asserted that the government does not prioritise the development of dig-
ital construction by providing the necessary infrastructure and conducive environment
that could promote BIM adoption among construction SMEs. Criminale and Langer [54]
also concluded that the main challenges in BIM implementation are predominantly at the
organisational level, indicating higher resistance to change than project-level challenges.
The significant barriers include employee training, lack of national BIM standards, data
management, and software interoperability [55]. Developed countries are rapidly embrac-
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ing BIM adoption, but the same cannot be said for developing countries, particularly the
Nigerian construction industry, due to the poor state of infrastructure [53].

Adopting BIM in developing countries, particularly Nigeria, faces multiple obstacles,
such as limited government and contractors’ support, inadequate training, and retraining
of professionals on BIM usage [55]. In addition, lack of initiative and education, difficulty
in modifying existing work practices, and a lack of understanding regarding the roles
and benefits of implementing a BIM approach make BIM difficult to adopt by SMEs in
the construction industry [45]. Fadason et al. [52] admitted that lack of BIM education,
information on BIM, investment in BIM technology, government support through legis-
lation, and standard guide to implementation are the major barriers to BIM adoption in
SMEs in the Nigerian construction industry. Furthermore, the lack of awareness among
construction SMEs regarding BIM and its advantages can be attributed to the nonchalant at-
titude construction SMEs exhibit towards adopting BIM technology to their operations [56].
This slow adoption can be further explained by the poor state of electricity in Nigeria and
interoperability risks between BIM-related software, which pose a barrier to BIM uptake
in construction SMEs in the Nigerian construction industry [57]. Ref. [58] admitted that
the most significant barriers in terms of technological, governmental, resource and cultural
categories are lack of client demand, BIM adoption is majorly slow due to the absence of
the government’s mandate for BIM usage at the project level and the high cost of BIM
software and licenses.

Without a strong push from clients for BIM adoption, construction SMEs in the Nige-
rian construction industry might be reluctant to explore and integrate BIM technology
into their workflows [11]. They may see BIM as an additional expense without immediate
returns and thus opt for the traditional methods that they are already familiar with [55].
The reluctance to transition from traditional paper-based methods and the lack of effective
collaboration among project stakeholders are significant barriers to adopting BIM in SMEs
in the Nigerian construction industry [58]. These factors hinder the widespread integration
of BIM technology, which could otherwise enhance efficiency and project quality in the
construction sector [58]. According to ref. [58,59], variations in partners’ work values,
inadequate regulatory frameworks, undefined objectives, cultural clashes among partners,
economic viability concerns, operational limitations, and conflicts of interest undermine
collaboration among construction professionals in the construction industry. However,
ref. [60,61] observed that the lack of skilled personnel and the poor state of infrastructure
are significant setbacks for BIM adoption in construction SMEs. When clients and industry
stakeholders begin to see BIM’s value and demand, construction SMEs will likely be more
motivated to embrace BIM technology and make it an integral part of their construction
processes [56]. Table 1 below summarises the barriers to BIM adoption in SMEs in the
Nigerian construction industry.

Table 1. Barriers to BIM adoption in construction SMEs in construction SMEs in the Nigerian
construction industry.

S/N Barriers to BIM Adoption in SMEs in the
Nigerian Construction Industry Source(s)

1 High cost of BIM implementation [12,47,48]
2 Cost of Training [12,47,50,54,55]
3 Lack of clear benefits [22,45,47,48]
4 Insufficient incentives for adoption [51]
5 Absence of risk insurance [51]
6 Unavailability of BIM standard [47,52,54]
7 Insufficient government support [52,53,55]
8 Resistance to change [4,5,52,54,56,60]
9 Lack of initiative and education [43,45,55,56]
10 Lack of BIM role and benefits [23,45,55]
11 Inadequate BIM awareness [56]
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Table 1. Cont.

S/N Barriers to BIM Adoption in SMEs in the
Nigerian Construction Industry Source(s)

12 Poor state of infrastructure [53,57,60]

13 Interoperability risks between BIM-related
software [54,57,58]

14 Lack of skilled personnel [44,59]
15 Lack of Demand from Clients [11]

16 Unwillingness to change from traditional
paper-based practices [22,48,55,59]

17 Lack of Collaborative Procurement Systems to
support BIM [47,48,59]

18 Contractual uncertainty [12,46]
19 The complexity of BIM tools [48]
20 Lack of BIM evaluation [48]
21 Limited knowledge of usage [12,55,60,61]
22 Legal disputes and uncertainties in policies [46,49,56]
23 Patent right protection [47,48]
24 Software incompatibility [54,61]
25 BIM data insecurity [49,54,61]

Source: Researcher’s review (2023).

3. Research Methodology

This research adopted a quantitative method to evaluate the barriers to BIM adoption
in SMEs in the Nigerian construction industry. The study explores BIM through an extant
literature review on modern technology in the construction industry. In addition, opinions
of construction professionals such as architects, builders, engineers, quantity surveyors,
estate surveyors, and land surveyors, among others, were sampled for data collection.
The participants were selected based on their ample experience in construction activities
in the Nigerian construction industry and members of various construction professional
bodies in Nigeria. Lagos, Nigeria, was selected as the study area based on the number of
ongoing BIM-related construction projects. According to ref. [62–64], Lagos, Nigeria, has
been a commercial hub for several construction activities in recent times, ranging from
the Lagos Island International Airport, Eko Atlantic City, Lekki free trade zone, Lekki
Deep Sea Port and Dangote Petroleum refinery, and other real estate buildings. Hence,
a quantitative structured survey questionnaire was designed on a Likert scale based on
the research objective. This comprises a sample size that fairly represents construction
professionals in the Nigerian construction industry to improve the generalisation of study
findings in the study area. The structured questionnaire was designed on a Likert scale
based on the research objective. Respondents were asked to indicate their level of agree-
ment with the barriers to BIM adoption in construction SMEs in the Nigerian construction
industry using: 5 = Strongly agree (SA), 4 = Agree (A), 3 = Neutral (N), 2 = Disagree (D),
1 = Strongly disagree (SD). Using the purposive quota sampling technique, two hundred
(200) questionnaires were administered, and one hundred and eighty-two (182) responses
were retrieved for the survey, representing 91% of the total questionnaires administered.
The 182 responses retrieved out of 200 agree with Kothari’s recommendations [65]. Descrip-
tive and principal component analysis (percentage, frequency, and standard deviation) were
performed on the retrieved data using IBM SPSS statistics version 26. The study data ade-
quacy for exploratory factor analysis (EFA) was determined through Kaiser–Meyer–Olkin
(KMO) and Bartlett’s sphericity test. EFA reduces larger datasets into small components
by establishing their level of relationship. Also, Cronbach’s alpha test helps to determine
data reliability and the interrelatedness of the variables in each component [66]. Tavakol
and Dennick [66] posited that Cronbach’s alpha test explores the scale reliability of data
through their internal consistency. The reliability of the data collection instrument returned
0.839 > 0.6 value of the coefficient of Cronbach’s alpha scale recommended by Eiselen,
Uys, and Potgiete [67]. This justifies the reliability of the data collection instrument and
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the responses obtained from the field survey. The results of the analysis were presented
in tables.

4. Results and Discussion
4.1. Respondents’ Years of Working Experience

Figure 1 shows the respondents’ years of working experience. It comprises 2% (4) of
respondents with less than one year of working experience, 25% (45) of respondents with
1–5 years of working experience, 20% (36) of respondents with 6–10 years of working
experience, 19% (34) with 11–15 years of working experience, 14% (26) with 16–20 years of
working experience, 13% (24) with 21–25 years of working experience and 7% (13) above
25 years of working experience from the 182 respondents who participated in the survey.
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4.2. Respondents’ Professional Designation

Figure 2 shows the respondents’ professional designation. It was revealed that builders
were the most common profession with 40% (73), in second place was architects with 22%
(40), and the third was quantity surveyors with 10% (18). It also involved 7% (13) project
managers, 7% (13) engineers, 5% (9) quality control coordinators, 5% (9) contractors, 3%
(5) consultants and 1% (2) others.
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4.3. Respondents’ Professional Affiliations

Figure 3 shows the respondents’ professional affiliations. 48% (87) of the respondents
are affiliated with the Nigerian Institute of Building (NIOB), 21% (38) are affiliated with the
Nigeria Society of Engineers (NSE), 10% (18) are affiliated with the Nigerian Institute of
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Architects (NIA), 8% (14) are affiliated with the Nigerian Institute of Quantity Surveyors
(NIQS), 6% (11) are affiliated with the Nigerian Institution of Estate Surveyors and Valuers
(NIESV), and the last 9% (16) are other professional affiliations such as Project Management
Professional (PMP) and Nigerian Institute of Town Planners (NITP), among others.
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Table 2 ranked respondents’ level of agreement on the 5-point Likert scale: 1 = Strongly
disagree (SD); 2 = Disagree (D); 3 = Neutral (N); 4 = Agree (A); 5 = Strongly agree (SA) on the
twenty-five identified barriers to BIM adoption among small and medium-sized enterprises
in the Nigerian construction industry using the mean item scores (MIS) and standard
deviation (σ). As recommended by Opawole and Jagboro [68], an MIS value of 3.50 indicates
the importance of the identified barriers to BIM adoption, while an MIS value < 3.50 is an
insignificant barrier to BIM adoption. According to the respondents ranking of barriers
to BIM adoption in small and medium-sized enterprises, limited knowledge of usage was
ranked first (MIS = 3.92; σ = 1.08), high cost of implementation emerged second (MIS = 3.90;
σ = 1.046), poor collaboration among professions ranked third (MIS = 3.88; σ = 1.140), high
cost of training was ranked fourth (MIS = 3.87; σ = 1.143), lack of professional training
(MIS = 3.87; σ = 1.57) and limited resources for BIM adoption (MIS = 3.86; σ = 1.098)
emerged fifth. Likewise, poor financial resources ranked seventh (MIS = 3.78; σ = 1.185),
poor client demand emerged eighth (MIS = 3.70; σ = 1.122), lack of BIM evaluation ranked
ninth (MIS = 3.65; σ = 1.038), resistance to change from professionals ranked tenth (MIS
= 3.62; σ = 1.165). Poor awareness emerged as the eleventh-ranked barrier to adopting
BIM in small and medium-sized enterprises. The complexity of BIM tools ranked twelfth
(MIS = 3.62; σ = 1.165), lack of risk insurance protection ranked thirteenth (MIS = 3.49;
σ = 1.131), and no incentives for the adoption also ranked thirteenth (MIS = 3.49; σ = 1.169).
Patent right protection (MIS = 3.48 σ = 1.126) and unsustainable for small construction
projects (MIS = 3.48; σ = 1.206) were ranked fifteenth. No implementation guide ranked
seventeenth (MIS = 3.44; σ = 1.191), contractual uncertainty ranked eighteenth (MIS = 3.73;
σ = 1.077), and unclear financial benefit ranked nineteenth (MIS = 3.42; σ = 1.143). Legal
disputes and uncertainties in policies (MIS = 3.38; σ = 1.219) and BIM data insecurity
(MIS = 3.38; σ = 1.105) ranked twentieth. High risk in implementation ranked twenty-
second (MIS = 3.38; σ = 1.105), software incompatibility ranked twenty-third (MIS = 3.36;
σ = 1.217), poor compatibility with construction projects ranked twenty-fourth, and no
tangible benefits ranked twenty-fifth (MIS = 2.89; σ = 1.131) as barriers often faced with in
BIM adoption among small and medium-sized construction enterprises.
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Table 2. Barriers to building information modelling adoption in small and medium-sized construction
enterprises.

Barriers to BIM Adoption Mean Standard Dev. Rank

Limited knowledge of usage 3.92 1.080 1
High cost of implementation 3.90 1.046 2
Poor collaboration among professionals 3.88 1.140 3
High cost of training 3.87 1.043 4
Lack of professional training 3.86 1.157 5
Limited resources for BIM adoption 3.86 1.098 5
Poor financial resources 3.78 1.085 7
Poor client demand 3.70 1.122 8
Lack of BIM evaluation 3.65 1.038 9
Resistance to change from professionals 3.62 1.115 10
Poor awareness of BIM 3.60 1.165 11
The complexity of BIM tools 3.55 1.120 12
Lack of risk insurance protection 3.49 1.131 13
No incentives for adoption 3.49 1.169 13
Patent right protection 3.48 1.126 15
Unsustainable for small construction project 3.48 1.206 15
No implementation guide 3.44 1.191 17
Contractual uncertainty 3.43 1.153 18
Unclear financial benefit 3.42 1.143 19
Legal disputes and uncertainties in policies 3.38 1.219 20
BIM Data Insecurity 3.38 1.105 20
High risk in implementation 3.37 1.177 22
Software incompatibility 3.36 1.217 23
Poor compatibility with construction projects 3.29 1.219 24
No tangible benefits 2.89 1.313 25

The exploratory analysis of the twenty-five identified barriers to BIM adoption in
small and medium-sized enterprises in the Nigerian construction industry was subjected to
exploratory factor analysis (EFA) using the IBM SPSS statistics version 26. The exploratory
factors analysis used a principal component to check data appropriateness for factor
analysis. The value of the KMO test of 0.836 for sample adequacy from the result obtained in
Table 3 shows that the value is higher than the recommended value of 0.6 for the exploratory
factor analysis [69,70]. The significant value of Bartlett’s test of sphericity (represented
by “Sig”) shows a measure of the multivariate normality of the dataset distributions. The
data returned a 0.000 significance value, indicating the acceptance of the data for factor
analysis. According to George and Mallery [71], a significant value less than 0.05 represents
the research data that could be accepted for factor EFA because the data does not generate
an identity matrix. Therefore, a correlation coefficient of >0.3 supported the KMO and
Bartlett’s test for the factorability of the datasets.

Table 3. KMO and Bartlett’s test for the barriers to BIM adoption in construction SME enterprises.

KMO and Bartlett’s Test

Kaiser–Meyer–Olkin Measure of Sampling Adequacy. 0.836
Bartlett’s Test of Sphericity Approx. Chi-Square 2565.207

Df 300
Sig. 0.000

Table 4 shows that the extraction values obtained are >0.3, which means that the
identified variables for barriers to BIM adoption in small and medium-sized enterprises
in the Nigerian construction industry fit well in their factors without any sign of variance.
Thus, the factor grouping is reliable because none of the identified variables has a low
extraction value.
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Table 4. Communalities table.

Challenges Faced in BIM Adoption Initial Extraction

Limited resources for BM adoption 1.000 0.476
Poor collaboration among professionals 1.000 0.753
BIM data insecurity 1.000 0.852
Limited knowledge of usage 1.000 0.829
High cost of training 1.000 0.813
High cost of implementation 1.000 0.736
Unclear financial benefit 1.000 0.495
No incentives for adoption 1.000 0.644
Lack of professional training 1.000 0.730
Lack of BIM evaluation 1.000 0.717
Lack of risk insurance protection 1.000 0.820
Poor financial resources 1.000 0.842
Resistance to change from professionals 1.000 0.641
High risk in implementation 1.000 0.580
The complexity of BIM tools 1.000 0.525
Poor compatibility with construction projects 1.000 0.609
Poor client demand 1.000 0.543
No tangible benefits 1.000 0.483
Poor awareness of BIM 1.000 0.474
No implementation guide 1.000 0.630
Software incompatibility 1.000 0.659
Patent right protection 1.000 0.614
Unsustainable for small construction project 1.000 0.605
Contractual uncertainty 1.000 0.601
Legal disputes and uncertainties in policies 1.000 0.624
Extraction method: principal component analysis.

4.4. Total Variance Explained

Table 5 shows that the latent root or Kaiser’s criterion retains factors with >1.0 eigen-
values for the total variance explained by the barriers to BIM adoption in SME enterprises
in the Nigerian construction industry (Figure 4). Five factors with eigenvalues > 1.0 were
explored as 6.113, 4.576, 2.504, 1.402, and 1.294, which explains 20.077%, 18.302, 10.017,
5.610, and 5.177%. Thus, the five factors explained a cumulative percentage of 65.183 of the
variance, highlighting the significance of the variables in the five factors.

4.5. Scree Plot
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4.6. Exploratory Factor Report

Table 6 shows the pattern matrix for the twenty-five identified barriers to BIM adop-
tion in SME enterprises in the Nigerian construction industry. The twenty-five variables
are clustered into five factors. Thus, the factors are interpreted based on the inherent
relationship between the variables under each factor before assigning a familiar name to the
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factors. Therefore, Factor 1 is named Functionality and Compatibility; Factor 2 is named Risk
and Unavailability of BIM Resources; Factor 3 is named Inadequate Awareness of BIM; Factor
4 is named Inadequate Clients’ Demands and Support; Factor 5 is named Stakeholders Skills
Gaps. Yong and Pearce [72] posited a 0.40 loading cut-off is considered a significant variable
in exploratory factors components based on pragmatic reasons. Thus, the study retained
underlying variables with loadings of more than 0.4.

Table 5. Total variance explained.

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared
Loadings a

Total % of Vari Cum % Total % of Vari Cum % Total

1 6.519 26.077 26.077 6.519 26.077 26.077 6.113
2 4.576 18.302 44.379 4.576 18.302 44.379 4.202
3 2.504 10.017 54.396 2.504 10.017 54.396 2.640
4 1.402 5.610 60.006 1.402 5.610 60.006 2.936
5 1.294 5.177 65.183 1.294 5.177 65.183 3.774
6 0.883 3.532 68.714
7 0.825 3.298 72.012
8 0.781 3.123 75.136
9 0.643 2.572 77.708
10 0.636 2.544 80.252
11 0.569 2.275 82.527
12 0.548 2.192 84.719
13 0.516 2.063 86.781
14 0.424 1.695 88.476
15 0.403 1.610 90.086
16 0.362 1.448 91.534
17 0.355 1.419 92.953
18 0.317 1.269 94.221
19 0.301 1.204 95.426
20 0.258 1.030 96.456
21 0.248 0.991 97.446
22 0.217 0.868 98.315
23 0.194 0.775 99.090
24 0.151 0.603 99.693
25 0.077 0.307 100.000

Extraction method: principal component analysis. a When components are correlated, sums of squared loadings
cannot be added to obtain a total variance.

Table 6. Pattern matrix (a).

Component
1 2 3 4 5

Legal disputes and uncertainties in policies 0.820
Software incompatibility 0.817
No implementation guide 0.816
Contractual uncertainty 0.757
Patent right protection 0.748
No tangible benefits 0.730
Poor compatibility with construction projects 0.716
Unsustainable for small construction project 0.578
Poor awareness of BIM 0.525
Unclear financial benefit 0.432
Lack of risk insurance protection 0.963
Poor financial resources 0.944
Resistance to change from professionals 0.748
The complexity of BIM tools 0.626
High risk in implementation 0.618
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Table 6. Cont.

Component
1 2 3 4 5

Limited resources for BIM adoption 0.570
Limited knowledge on usage 0.911
BIM Data Insecurity 0.907
Poor collaboration among professionals 0.856
Poor client demand 0.857
Lack of BIM evaluation 0.801
No incentives for adoption 0.735
High cost of training −0.947
High cost of implementation −0.819
Lack of professional training −0.534

Extraction method: principal component analysis. Rotation method: Oblimin with Kaiser normalization. (a) Rota-
tion converged in 8 iterations.

4.6.1. Factor 1: Software Functionality and Compatibility

Factor 1 clustered ten variables: legal disputes and uncertainties in policies 82%,
software incompatibility 82%, non-implementation guide 82%, contractual uncertainty 76%,
right patent protection 75%, no tangible benefits 73%, poor compatibility with construction
and projects 72%, unsustainable for small construction project 59%, poor awareness of
BIM 53%, and unclear financial benefits 43%. The factor variables clustered a cumulative
percentage of 20.077 variances. The ten variables clustered into Factor 1 are significant
because they amount to 20.077% of the cumulative variances. The variables loaded in the
factor include legal disputes and uncertainties in policies, software incompatibility, non-
implementation guide, contractual uncertainty, right patent protection, no tangible benefits,
poor compatibility with construction and projects, unsustainable for small construction
projects, poor awareness of BIM, and unclear financial benefits. This factor provided
the construction stakeholders and the industry with possible barriers to BIM adoption in
the study area’s small and medium construction enterprises. The study findings aligned
with Azhar [57,73], which emphasised BIM copyright laws and other legal provisions
to protect intellectual property as barriers preventing its adoption among construction
stakeholders. The study findings show various barriers preventing BIM adoption in
Nigeria’s small and medium construction enterprises. In line with the findings of ref. [11,74],
BIM adoption is affected by unclarified data ownership and the incompatibility of BIM
software because of the size and capacity of the project that can be handled by small and
medium construction enterprises in Nigeria. These barriers in factor 1 can be resolved
by identifying the ownership of the intellectual property in all parts of the BIM project
and ensuring software companies produce inter-related programmes that will make BIM
operatable on different software packages to facilitate easy adoption of BIM by SMEs in the
Nigerian construction industry.

4.6.2. Factor 2: Risk and Unavailability of BIM Resources

Factor 2 clustered four variables: lack of risk insurance protection 96%, poor financial
resources 94%, resistance to change from professionals 75%, high risk in implementation,
and the complexity of BIM adoption 57%. The factor variables clustered a cumulative
percentage of 18.302 variances. The four variables clustered into Factor 2 are significant
because they amount to 18.302% of the cumulative variances. The variables loaded into this
factor include lack of risk insurance protection, poor financial resources, resistance to change
from professionals, high risk in implementation, and the complexity of BIM adoption.
The factor is named risk and unavailability of BIM resources to the small and medium
construction enterprises in Nigeria to incorporate BIM adoption into the construction
processes. BIM adoption in Nigeria’s small and medium construction enterprises starts
from stakeholder’ willingness to transition from a conventional approach to a technology-
based construction method. In collaboration with Maki and Kerosuo [12,75], the study
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findings established that BIM adoption requires transitioning from the traditional approach
to construction execution to a technology-based workplace environment. Stakeholders’
resistance to change, high risk in implementation, and the complexity of BIM processes
due to the lack of mobile devices and the understanding of BIM tools restrict the practical
use of BIM to a few tasks, places, and operations on construction sites [75]. Since BIM
adoption allows collaboration among stakeholders in construction processes, the study
finding aligns with Abanda et al. [32], who noted that property identification information,
intellectual property rights, and multiple protocols are parts of the barriers affecting BIM
adoption in construction practices among small and medium construction enterprises in
the Nigerian construction industry. Also, the study findings emphasised that Nigeria’s
small and medium construction enterprises often lack the basic infrastructure to facilitate
BIM adoption, such as electricity and internet connectivity [59]. The challenges identified
in Factor 2 can be mitigated by providing insurance for all BIM-based projects. This will
provide confidence for construction SMEs to adopt BIM in their operations as the security
of their investment is guaranteed.

4.6.3. Factor 3: Inadequate Awareness of BIM

Factor 3 clustered three variables: limited knowledge of usage 91%, BIM data insecu-
rity 91%, and poor collaboration among professionals 86%. The factor variables clustered
a cumulative percentage of 10.017 variances. The third factor clustered three significant
variables, amounting to 10.017% of the cumulative variances. The variables loaded into this
factor include limited knowledge of BIM usage, BIM data insecurity, and poor collaboration
among professionals. The variables loaded into this factor show the low awareness of
BIM adoption among small and medium construction enterprises in Nigeria. The findings
aligned with Arayici [76] that a low level of awareness and acceptance among stakeholders
limits collaboration and maintaining an effective team to determine the method of operation
and data exchange among the project team. The factor also indicates inadequate awareness
of BIM among stakeholders in Nigeria’s construction SME enterprises. This collaborates
with the findings of Hamma-Adama [11] that construction professionals’ unwillingness
to form alliances toward BIM implementation hinders its adoption. However, the collabo-
ration of construction professionals in modern construction practice could improve BIM
knowledge and usage in all construction operations, thus improving BIM adoption in the
construction industry.

4.6.4. Factor 4: Inadequate Client Demands and Support

Factor 4 clustered three variables: poor client demand 86%, lack of BIM evaluation 80%,
and no incentive for adoption 74%. The factor variables clustered a cumulative percentage
of 5.610 variances. The fourth factor clustered three significant variables, amounting to
5.610% of the cumulative variances. The variables loaded into this factor include poor client
demand, lack of BIM evaluation, and no incentive for adoption. Because of cost and time
constraints, the factors explained inadequate client demand and support to incorporate
BIM tools in construction processes. The finding is consistent with the Hamma-Adama [11]
study, which noted that poor client demand and a lack of government policy for BIM
affect BIM usage in small and medium construction enterprises in developing countries,
especially Nigeria. Improving BIM awareness and evaluating BIM importance at all stages
of the construction process could facilitate clients’ interest in BIM project implementation,
including other stakeholders in the construction industry.

4.6.5. Stakeholders’ Skills Gaps

Factor 5 clustered three variables: high cost of training 95%, high cost of implementa-
tion 82%, and lack of professional training 53%. The factor variables clustered a cumulative
percentage of 20.077 variances. The factor variables clustered a cumulative percentage of
5.177 variances. The fifth factor clustered three variables with a total of 5.177% of the cumu-
lative variances. The variables loaded in the factor include the high cost of training, high
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cost of implementation, and lack of professional training. The factor explains stakeholders’
skills gaps in integrating BIM adoption into construction processes in small and medium
construction enterprises in developing countries, especially Nigeria. This finding aligns
with the Kassem [77] study, which posited that the high cost of hardware, practical training,
and supportive infrastructures like office space and electricity are significant retardants to
the usage of BIM in the construction industry, especially among construction in Nigeria.
The unwillingness of construction professionals to adapt to a new construction method
is due to knowledge gaps and inadequate training [77]. The variables loaded in the fifth
factor explain the need for the construction stakeholders to attend continuous development
training for the effective take-up of BIM among small and medium construction enterprises
in developing countries, especially Nigeria. This study’s finding agrees with Usman and
Alaezi [78], positing that construction SMEs’ barriers to adopting BIM include persistent in-
dustry fragmentation, inadequate collaborations with suppliers and contractors, difficulties
recruiting a talented workforce, and insufficient knowledge transfer from project to project.
Thus, government incentives through training and subsidising BIM implementation costs,
especially on government projects, can reduce these adoption barriers.

4.7. Component Correlation Matrix

A positive relationship exists between the variables clustered in the factor correlation
matrix in Table 7. The values of the relationship between the component variables are
around 0.30.

Table 7. Component correlation matrix.

Factor 1 2 3 4 5

1 1.000 −0.087 −0.021 0.024 −0.456
2 −0.087 1.000 0.176 0.381 0.007
3 −0.021 0.176 1.000 −0.044 −0.050
4 0.024 0.381 −0.044 1.000 −0.087
5 −0.456 0.007 −0.050 −0.087 1.000

Extraction method: principal component analysis. Rotation method: Oblimin with Kaiser normalization.

4.8. Reliability of Cluster Factors

Table 8 shows the reliability test of the variables clustered in each factor; it revealed that
the variables measured are valid for each factor. Table 8 shows that the Cronbach’s alpha
value for each factor for barriers to BIM adoption in small and medium-sized enterprises in
the Nigerian construction industry ranges between 0.766 and 0.908.

Table 8. Reliability of cluster factors.

Factor Cronbach’s Alpha Coefficient

1 Functionality and Compatibility 0.908
2 Risk and Unavailability of Resources 0.869
3 Inadequate Awareness of BIM 0.880
4 Inadequate Clients Demands and Support 0.787
5 Stakeholders’ Skills Gaps 0.766

5. Conclusions and Recommendation

Despite the advantages BIM offers, many factors affect the adoption process in the
construction industry. The objective’s findings established the barriers confronting BIM
adoption in Nigeria’s small and medium construction enterprises. This study’s findings
revealed that the barriers to BIM adoption in SMEs in the Nigerian construction industry
include software functionality and compatibility, risk, unavailability of BIM resources,
inadequate awareness of BIM, inadequate client demands and support, and stakeholders’
skills gaps. BIM adoption is expected to improve construction projects through collaborative
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input from stakeholders to enhance project quality, delivery, and performance. However, it
is noteworthy that construction firms, stakeholders, and the government contributed to the
barriers to adopting BIM in SMEs in the Nigerian construction industry.

This study explores the barriers to BIM adoption in construction SMEs in the Nigerian
construction industry. The empirical findings from the survey conform with the theoretical
review. The major barrier to BIM adoption in small and medium-sized enterprises is the lack
of BIM data ownership. The descriptive analysis ranked the top ten barriers in Nigeria’s
small and medium-sized construction enterprises as follows: inadequate knowledge of
usage, high cost of implementation, poor collaboration among professions, high cost of
training, lack of professional training, limited resources for BIM adoption, poor financial
resources, poor client demand, lack of BIM evaluation, and resistance to change from
professionals. Thus, understanding the barriers to BIM adoption in small and medium-
sized construction enterprises in developing countries, especially Nigeria, will further
increase the knowledge of BIM adoption in the construction industry.

Likewise, as indicated in the five factors obtained from the exploratory factor analysis,
BIM functionality and compatibility, risk and unavailability of BIM resources, inadequate
awareness of BIM, inadequate clients’ demands and support, and stakeholders’ skills gaps
significantly affect BIM adoption among construction SMEs in the Nigerian construction
industry. Consequently, the conclusions drawn from this study’s findings provide:

i. An understanding of the need for copyright laws and other legal provisions to
protect users’ intellectual property, enabling full BIM adoption among construction
stakeholders.

ii. Provision of government incentives through training and subsidising BIM implemen-
tation costs, especially on government projects, to reduce BIM adoption barriers.

iii. Mitigating BIM adoption via insurance for all BIM-based projects will provide confi-
dence for construction SMEs in adopting BIM in their operations as the security of
their investment is guaranteed.

The study recommends that identifying intellectual property ownership and breaking
software interoperability barriers can improve BIM adoption among construction SMEs
in the Nigerian construction industry. Collaboration among construction professionals
can also improve knowledge sharing in modern digital construction and the provision
of incentives by the government through training and subsiding BIM implementation
costs on public projects. The present study was conducted in Lagos state, a southwestern
state of Nigeria, which suggests that the study’s limitation and scope should be expanded.
However, the findings are similar to those of the construction industry in other geographical
contexts. Thus, further research could be designed, a sample frame could be drawn
across Nigeria’s six geopolitical zones, or research could be conducted in other developing
countries to further explore the barriers to BIM adoption in construction SMEs to improve
BIM adoption in the Nigerian construction industry.
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