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Abstract: The small and medium-sized enterprises (SMEs) which are the backbone of any economy
are often on the disadvantaged side of the digital divide in the construction industry. With the
advent of building information modelling (BIM), the SMEs are facing challenges and are slow with its
uptake. Hitherto, extant research studies on BIM have focused primarily on the large firms and there
is an observed trend of underrepresentation of the SMEs in BIM studies. Thus, this paper aims to
investigate the major drivers of sustainable adoption of Building Information Modelling in SMEs
and the dynamics of these drivers in developing countries using interpretive structural modelling
approach and Matrice d'Impacts croises-multipication applique a classement (MICMAC) analysis.
The findings reveal that organizational readiness is of utmost importance for the proliferation of
BIM in SMEs. Also, the independent drivers which are the most important drivers consist of BIM
characteristics, internal and external environment drivers and thus portray the BIM adoption as a
complex socio-technical system. This study categorizes the drivers for easy intervention of SMEs’
managers and policymakers. It contributes to the nascent studies of BIM adoption in SMEs of
developing countries.

Keywords: building information modelling (BIM); developing countries; sustainable adoption;
drivers; small and medium-sized enterprises (SMEs)

1. Introduction

The Construction Industry is complex, and this can be related to the inefficiency of the
operation, uncertainties, and interdependence making way for an increase in complexity of the
industry as opined by Dubois and Gadde [1]. The culture of the industry, increase in population,
increase in stakeholders, increase in demand, lack of information reuse and management, and poor
cross-disciplinary communications also contributed to this complexity. This has been having a
tremendous effect on the productivity and the performance of the industry which has been a subject of
criticisms. Latham [2] reported that the industry is ‘ineffective” and ‘incapable of delivering for its
customers’. Egan [3] corroborated that the underperforming nature of the industry is as a result of the
structure and the working practices. A more integrated approach has been recommended as one of the
ways to curb the ineffectiveness of the industry.

There have been proposed remedies such as Total Quality Management (TQM), Lean Practices,
Sustainability, Partnering, and Building Information Modelling (BIM) among others. These are
channelled towards improving the practices in the construction industry. However, only the BIM has
generated an industry-wide influence [4] and has become notable in the AEC industry [5]. The National
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Building Information Model Standard Project Committee [6] defines BIM as ‘a digital representation of
physical and functional characteristics of a facility. It is a shared knowledge resource for information
about a facility forming a reliable basis for decisions during its lifecycle; defined as existing from earliest
conception to demolition’. It is an interrelating set of policies, processes and technologies that enables
the life cycle management of the building data in a digitized format [7]. The information and data
made available in the digital format by the BIM can be easily edited, copied, and shared with the project
stakeholders, which has improved interoperability between different phases of projects compared to the
2D paper formats. Perceived benefits such as improved collaboration, improved profitability, reduced
cost, saved time, improved communication, improved design, reduced errors have been reported on
projects that implemented BIM [8-14]. Similarly, some research studies [15-17] have reported on the
significant benefits such as improved productivity and efficiency in construction organizations that
have adopted BIM. This has led to an increase in the awareness, adoption, and implementation of BIM
in the architecture, engineering, and construction (AEC) industry over the years.

The United Kingdom (UK) mandated the use of BIM towards the bid of reducing the industry cost
by 20% with 2016 deadline and the level of implementation has since increased from 13% in 2011 to 74%
in 2018 [18]. General Services Administration (GSA) started the BIM implementation on projects in the
United States in 2003 and this influenced industry-wide awareness and adoption. McGraw Hill [19]
reported an increase from 28% (2007) adoption level to 71% (2012) in North America. The Building
and Construction Authority (BCA) led the BIM adoption in Singapore and BIM has since become a
mandatory part in the procurement of public sector projects from 2012 [20]. The Hong Kong Housing
Authority (HKHA) has been piloting the use of BIM since 2006 and the adoption has increased in the
industry. Similarly, Senate Properties started piloting of BIM project in the public sector of Finland
while Skanska Oy started the implementation in the private sector [21]. BIM was mandated on public
projects over S$50 million in South Korea. Countries as such Norway, Denmark, Malaysia, Australia,
Canada among others have also recorded an increase in the level of BIM adoption.

However, the diffusion of BIM in the AEC industry is slow and not as envisaged [22].
Both developed countries and developing countries are still facing the challenges of BIM adoption,
though, developed countries are ahead of the developing countries as a result of the concerted efforts of
some of the governments, and organizations in such countries [23]. There have been few reports on BIM
from developing countries [24] especially from the ‘BIM infants’ countries [25,26]. The construction
industry in the developing countries is marred by myriads of challenges such as time overruns, cost
overruns, project delays, project abandonments, corruptions, disputes and generating wastes [27,28].
Thus, the adoption and implementation of BIM have great potential in such clime [23]. However,
the diffusion is slower than that of developed countries [29] and hindered by challenges such as lack
of awareness, lack of government support, high cost of implementation and lack of implementation
guidelines/strategies [25,30-32]

Despite the increase in adoption recorded over the last decade in the AEC industry, there has been
a growing trend of the underrepresentation of the small and medium-sized enterprises (SMEs) in the
extant studies [16] and this is evident by the few numbers of BIM research studies specifically from SME
perspective [4,33]. This could be partly explained by the digital divide between the ‘BIM compliant’
large firms and ‘BIM complaint’ SMEs [32] leaving the SMEs on the disadvantaged side of the divide.
Even though the SMEs are the backbone of economies and represents a larger percentage of the AEC
firms, and integration of the fragmented industry depends on integrating the SMEs and the large firms
(supply chain). Extant studies have often attempted to view and combine the SMEs and large firms
together under the same scope; however, such a singular view might not be realistic and may be prone
to errors. The SMEs and the large firms are different firms cohabiting the same ecological environment
but belong to different business niche, and thus would react and act differently in the same operating
environment [34]. In addition, it is important to note that the SMEs are not the smaller version of the
large firms [35]. SMEs are characterized by a small number of employees, high flexibility, organic
structure, low resources and are often unwilling to adopt innovations that are perceived to be risky and
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far away from their safe zone [34]. Hong, et al. [36] and Arayici, Coates, Koskela, Kagioglou, Usher and
O'Reilly [17] asserted that the SMEs stand to gain from BIM adoption as a result of their characterized
features (small size, small projects, high flexibility and organic structure) which would make change
easy, BIM adoption process manageable and high implementation feasible. However, there is still low
adoption of BIM in the SMEs as reported by studies from the developed countries such as Canada,
Australia, the United Kingdom, France, Italy and the US [16,37—41]. Similarly, McGraw Hills [42]
corroborated that a large percentage of non-adopters are the SMEs due to lack of awareness, lack of
resources, and lack of technical know-how. These challenges have led to the loss of competitiveness
and loss in market share for the non-adopting SMEs.

The few extant studies on BIM in SMEs are from developed countries with a high level of
awareness, adoption and implementation of BIM and coupled with government support. Little
is known about BIM in SMEs of BIM infant industries (developing countries) where the level of
awareness is low, no government mandate and low technology adoption [43]. Pandya [44] reported
that SMEs in developing countries are more vital and important to the economy. Thus, the SMEs in
the AEC of developing countries are more vital to the growth of the industry and have cogent roles
to play in improving productivity as they represent a large percentage of the industry. However,
the SMEs in developing countries are performing below expectancy, less competitive and are often
fighting for survival. Also, despite the importance of SMEs in developing countries, there has been an
underrepresentation of the SMEs’ narratives in BIM research [45]. This could be partly explained by the
low level of awareness in the industry and low level of implementation in the small and medium-sized
enterprises (SMEs) of such countries.

Context

This study aims to present and analyze the major drivers of sustainable BIM adoption in SMEs
and the dynamics between these drivers in a BIM infant industry of developing countries. The study of
innovations such as BIM is highly contextual [46], thus, Nigeria a developing and BIM infant industry
is adopted as a case study. This study draws from theoretical lenses of technology, organization and
environment framework (TOE) [47], institutional theory [48] and innovation diffusion theory (IDT) [49].
These theoretical lenses are well-suited as they are organizational level theories which are in tandem
with this present study. The innovation diffusion theory (IDT) has been said to be well suited for
studying BIM adoption [39] and delineates the stages of innovation as awareness, interest, decision
(adoption), implementation, and confirmation [49]. Also, relative advantage, compatibility, complexity,
tribality and observability are identified as the characteristics that affect innovation diffusion. The major
criticism is that it focuses on the technology context of innovation [50] and ignores the organizational
and environmental factors. Thus, the lapse of the IDT is complimented by the adopted institutional
theory which emphasized the roles of the external environment. According to institutional theory,
the isomorphic pressures acting on the organization from the environmental context are mimetic,
coercive, and normative pressure [48,51]. The technology, organization, environment framework,
on the other hand, is also well suited for new technology in SMEs as it assumed that the firms are
merely passive victims of technology, which better describes smaller industry players like the SMEs [52].
A theory mining review of these innovation theories and other theories revealed underlined contexts
of individual (organization) characteristics, innovation characteristics (technology), and contextual
characteristics (internal and external environmental factors) [53]. Thus, the adopted lenses will be
synthesized and use to frame this study.

These lenses enable this study to benefits from the internal and external context of innovation as
against many extant innovation studies that often overlook the influence of external drivers and are
much focused on internal drivers from a positivist perspective [54]. Also, this would enable this study
to benefit from seminal studies that have built on a robust body of knowledge from communications,
sociology and psychology to explain innovation [55]. Neglecting theories in studies of innovation
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‘seem irrational” and might result in ‘overlooking many aspects of innovations in any field including
construction” [54].

Innovation studies could be at the industry level, firm-level, and project level. Studies have often
emphasized the need to differentiate between innovation levels as innovation are adopted at the firm
level and implemented at the project level. This study is a firm-level view of innovation as Sexton,
And and Aouad [34] opined that ‘Companies, not projects, are the only credible focus for change in the
construction industry’. Project teams are often temporary and project innovation are often specific
which might make adopting the same innovation on different projects difficult; established innovations
at the firm level are more sustainable than project innovations with temporary teams [56]. It is also
noteworthy that SMEs in developing countries often have the same identity as the project in the sense
that they do not many projects at hand unlike the large firms, thus, they tend to focus on the few
projects they have at hand and the firm’s influence is felt. Also, firms are the focus of the few extant
studies on BIM in SMEs.

The main objectives of this study are: (a) To identify the major drivers of sustainable adoption of
BIM in SMEs; (b) to assess the interrelationship of the drivers in developing countries; (c) prioritize these
drivers based on their dynamics; and (d) to categorize these drivers for easy intervention. Interpretive
Structural Modelling (ISM) approach will be employed in this study. This study is significant and
indispensable because identifying the major drivers is one of the precursors of BIM proliferation in the
SME:s [57]. Also, the study of BIM use in SMEs is an important mediator for widespread adoption in
the AEC industry, and it has global significance and impact [4]. Hillebrandt [58] corroborated that the
effect of a 5% increase in the productivity of the SMEs will equate to the effect of a 20% increase in the
productivity of the large firms. Lastly, the SMEs are an essential and distinct entity [59] that would
continue dominating the construction industry [60].

2. Building Information Modelling (BIM) in the Nigerian Construction Industry

The Nigerian Construction Industry (NCI) is the largest in West Africa and plays a key role in the
development of the country [61]. It employs approximately 25% of Nigeria’s workforce and contributed
3.72% to the real GDP in 2017 [62]. However, this sector is not performing up to expectation and it is
being marred by many challenges such as low productivity, waste, low quality, cost overrun, rework,
delay, project abandonment and conflicts [63]. This is a result of the fragmented nature of the industry
coupled with ineffective communication/information management [64]. Kori and Kiviniemi [65]
opined that the NCI stands to benefit from the implementation of BIM. However, the discussion on
BIM in the Nigerian context is less than a decade, as the discussion just started in 2012. Review studies
on the potential of adopting BIM in the NCI were carried out by Alufohai [66], Ibrahim and Bishir [67]
and Munir and Jeffrey [68]. These early studies stressed the need for adopting and implementing BIM
in the NCI and the associated benefits during the design stage, construction, and operation phases
of construction projects. Extant studies revealed that the level of awareness and adoption of BIM in
the industry is still low and facing many challenges such as lack of knowledge, lack of government
support, and lack of implementation guidelines/strategies.

Abubakar, et al. [69] assessed the readiness of design firms in Nigeria to adopt BIM using the
four readiness categories of management, people, process, and technology. It was revealed that the
firms are ready to adopt BIM but are facing challenges such as lack of awareness among professionals
and clients. Abubakar, Ibrahim, Kado and Bala [30] surveyed BIM barriers and drivers in the NCI.
Availability of trained BIM professionals, affordability of BIM tools, and enabling environments are the
most significant drivers while resistance to change, high cost of BIM and lack of enabling environment
are hindering BIM in NCI. Dare-Abel, et al. [70] assessed the level of awareness of the architecture
firms and concluded that there is an increase in the level of awareness of the firms. Awareness of NCI
professionals have also been carried out in many studies [71-77] and the level of awareness has been
increasing over the years. However, the level of awareness does not translate to increase in the level of
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implementation. The level of adoption and implementation of BIM by the professionals is still low and
this is also reflected by studies [78-81] at the organization level.

Saka, Chan and Olawumi [26] noted that the emerging trend in these studies is the assumption
that there are no differences between the SMEs and large firms, thus, they all adopted a singular view
of BIM in the NCI. Despite the conclusion by Amuda-Yusuf [82] that the size of the organization
influences the level of awareness and understanding of BIM in the NCI. Kori, et al. [83] revealed that
the SMEs which are characterized with 0-199 employees, inadequate resources, and flexible structure
is slow with the adoption of BIM in Nigeria. These SMEs represent 96% of the firms in Nigeria, and as
such are the backbone of the economy. However, they are performing woefully [84]. The SMEs in the
NCT are thus less competitive and struggle with innovation adoption.

BIM in SMEs

Empirical evidence in innovation studies have asserted that there is a significant relationship
between the size of an organization and innovation adoption. Shefer and Frenkel [85] averred that
those large firms tend to invest more in research and development compared to small firms that often
invest less than 3% [35]. Although the studies revealed that this might varies across industries.

Audretsch and Acs [59] argued that the often contradictory findings of studies on innovation and
size might be as a result of the approach often adopted which relies on large firms with few or no
SME:s for comparison. Acs and Audretsch [86] corroborated that the large firms tend to have a relative
advantage in innovation in industries that are capital intensive and produce different goods while
small firms have a relative advantage in industries dominated by large firms and with large skilled
labor. The construction industry, on the other hand, is different from other industries in terms of its
production in which the product has long life cycle and are fixed in a geographical location [87]; and
is dominated by the SMEs that are said to be less innovative because of their financial and technical
capability [88]. These contributed to the innovation capability of the industry [89]. Innovation studies
in the construction industry have also asserted that there seems to be a relationship between the firm
size and the capability to innovate [90]. The large firms are often on the advantaged size because of
the presence of organizational slack which permits them to try out innovation and because of their
technical and financial ability. Despite all odds, there has been emerging evidence to suggest that small
and medium-sized firms can innovate successfully in the construction industry.

The studies on BIM adoption and implementation have been often contradictory and vary from
context to context [57]. Thus, there might be different findings from different countries, different
discipline, and different firm sizes. Surprisingly, there are often contradictory findings from studies in
the same context. Chen et al. [91] studied the adoption of BIM in the Chinese construction industry
using the technology-organization-environment framework. The study revealed that the relative
advantage of BIM and top management support are a major factor for BIM adoption in the Chinese firms
and younger firms are more likely to innovate. It added that the engineering firms deemed organization
readiness to be significant which is contrary to the view of construction firms. Surprisingly, the study
did not find any significant consistency for environmental pressures on Chinese firms. However,
these findings contradict extant findings from the same Chinese context. For instance, Xu et al. [92]
built on TAM and concluded that complexity and relative advantage do not influence the user adoption
decision. However, it was during the early phase of BIM adoption in China. Cao, Li and Wang [51]
adopted institutional theory and revealed that coercive pressures and mimetic pressures which are
environmental pressures to be significant on the adoption of BIM. Also, Ding, et al. [93] adopted the
theory of reasoned action to study adoption indicators for architectural firms in China and revealed
that management support is not significant for BIM adoption. Albeit the studies are from the same
context, the findings are contradictory and could be partly explained by the different scope, and
theoretical framework.

Similarly, Ahuja et al. [94] adopted the TOE framework to study the adoption of BIM in architectural
firms in India. The study asserted that trialability, top management support, and BIM expertise
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(knowledge capability) are significant in BIM adoption. The study also argued the need to view BIM
adoption as a multi-level social construct. However, the study revealed that there is no environmental
pressure on BIM adoption which is in contrary to Juan et al. [95]. Juan, Lai and Shih [95] revealed that
government policies, competitor pressures, financial incentive, and technological support influence the
willingness of Taiwanese architectural firms to adopt BIM. Won et al. [96] argued that nontechnical
organizational issues such as willingness to share information, BIM team, and collaboration are of high
priority for the adoption of BIM at the organization level during the early adoption period. Ahmed
and Kassem [97] supported the argument that adoption of BIM is a socio-technical process that is
affected by the BIM characteristics (relative advantage and compatibility), the internal environment
(communication behavior, organization size, organizational readiness, and management support), and
external environment (coercive pressures) in architectural firms in the UK. Son et al. [98] adopted
TAM to assess factors affecting BIM adoption of Korean architects. Antecedents factors such as top
management support, confidence in computer use, normative pressure and compatibility are identified
as critical factors mediated by perceived ease of use and or perceived usefulness.

Overall, these studies have highlighted varying factors affecting BIM adoption. However, there
has been no general agreement in the literature and most of the factors are often from the perspective
of large. There is a need for contextual studies of the identified factors on BIM innovation diffusion.

3. Research Methods
A three-stage approach was adopted to achieve the objectives of this study as shown in Figure 1.

Stage I: A comprehensive desktop search was conducted using some search engines such as Web of
Science (WOS) which ‘consists of important and influential journals in the world” [99,100]; Scopus,
which has been said to have a wider coverage [101]; Google Scholar; and Science Direct. The search
query “BIM” and “SME” and “BIM” and “Small firm” was used on the search engines, and both journal
articles and conference papers were considered as BIM adoption in SMEs is still at an infant stage of
development, also to avoid publication bias. The initial outputs were refined using language and field
as this is the common practice in related studies. Citation tracking was carried out using the reference
list of the previous outputs until ‘saturation point’[102]. A total of 55 papers that specifically address
BIM from the perspective of SMEs was the result of the search. These papers were reviewed to identify
the major drivers of sustainable adoption of BIM in SMEs.

Stage II: Drawing from the theoretical lenses of institutional theory, innovation diffusion theory and
technology organization framework, similar drivers were synthesized. The synthesized drivers’ list
was presented to four experts (2 industry experts and 2 academic researchers) with extensive hands-on
experience on BIM in SMEs. The two industry experts and two academic researchers were invited
for participation in the pilot survey to review and validate the adequacy, clarity and relevance of
the identified items on the draft survey form before the launch of the main survey, and their inputs
were not used to formulate any conclusions. A point worthy of note is that the Interpretive Structural
Modelling (ISM) survey does not require a large number of respondents unlike the normal surveys and
this applies to the pilot survey as well (see Ravi and Shankar [103], Mitra Debnath and Shankar [104],
Shen, Song, Wu, Liao and Zhang [105], Liu, Li, Bian, Song and Xiahou [106] and Ahuja, Sawhney and
Arif [94]). A mix of industry experts and academic researchers were adopted to achieve a balanced
view of the two sides of the divide. These two selected industry experts have gained extenstive
hands-on working experience in BIM and SMEs while the two selected academic researchers have
acquired abundant research expertise in BIM and SMEs. Suggested corrections and recommendations
were reviewed and incorporated in the identified drivers as deemed appropriate.

Stage III: The responses were analysed using interpretive structural modelling and Matrice d'Impacts
croises-multipication applique a classement (MICMAC) technique. Figure 2 shows the ISM approach
adopted for this study. The ISM method was developed by Warfield in 1974 [107]. It enables the study
of the interrelationship in a complex system and gives insight to the direct and indirect relationships
between the various factors in the system. It involves decomposing a complex system to various
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subsystems with experts” experience, knowledge which would be used in developing a multi-level
structural model that would clarify the complex relationships with clarity. The number of experts
involves in ISM is usually low as the focus is on the quality of the responses rather than on the quantity
of the respondents [105]. As a result of its high efficiency, the method has gained widespread adoption in
analysing and studying variables in complex systems in construction management [94,105,106,108-110]
and diverse areas. Similar methods for analysing factors such as mean score, weighted score, relative
importance index, and severity index require data from a large number of respondents. Nevertheless,
these methods do not present insight into the dynamics of the factors [105]. In areas such as BIM in SMEs
of BIM infants with fewer experts as the adoption of BIM in the SMEs is still at the germinating stage
would benefit from this approach. There has been no consensus on the number of respondents required
for ISM in the literature. Ravi and Shankar [103] and Mitra Debnath and Shankar [104] consulted two
experts; Shen, Song, Wu, Liao and Zhang [105] and Liu, Li, Bian, Song and Xiahou [106] consulted five
experts, and seven experts were consulted by Ahuja, Sawhney and Arif [94]. The followings are the
steps involved:

1.  Step 1: Variables affecting the system under consideration are identified;

2. Step 2: Contextual relationship is established between the identified variables in Step 1;

3. Step 3: Structural Self-Interaction Matrix (SS5IM) is developed for the variables which indicate the
pairwise relationships among them;

4.  Step 4: Reachability matrix is developed from the SSIM and the matrix is checked for transitivity.
The transitivity is a basic assumption in ISM; it states that if variable A is related to variable B and
B is related C, then A is necessarily related C;

5.  Step 5: The reachability matrix is partitioned into different levels;

6. Step 6: A diagraph is developed based on the reachability matrix and hierarchy structure;
The ISM model is developed and checked for conceptual inconsistency.

Stage I:
Drivers of sustainable adoption of BIM

v

Stage II: Validation
e (larity and representativeness of the drivers
e Interpretive Structural Model Survey Form

v

Stage III:
Interepretive Structural Modelling (ISM) and Matrice d'Impacts
croises-multipication applique a classement (MICMAC) technique

v

ISM-based hierarchical structure and Diagraph

Figure 1. Research approach of the study.
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Drivers of sustainable . Literature review of BIM in
adoption - SMEs
Contextual relationship | Experts’ opinion >
between the drivers (i,j) | p p -
A
Develop a structural self-
interaction matrix for the » Develop reachability matrix
drivers ‘
Partition the reachability matrix into different levels Yes
Remove transitivity from the | Develop Diagrap and
diagraph - MICMAC analysis
A
Replace variables nodes with ere any conceptual
relationship statement inconsistency?
+—N
Represent the relationship statement into model for drivers of BIM
in SMEs

Figure 2. Interpretive structural modelling (ISM) approach for the study.

Matrice d'Impacts croises-multipication applique a classement (MICMAC) technique is used in
classifying of the variables under study based on the driving power and dependence [111]. It was
developed by Duperrin and Godet [112] for classifying hierarchical factors into clusters in order to
provide clarity as regards the dynamics between the factors.

4. Drivers of Sustainable Adoption of BIM in SMEs

Sustainable adoption relates to ‘confirmed adoption” beyond the implementation stage of the
innovation diffusion per Roger [49]. Sustainable adoption is necessary because some firms do drop out
of the innovation process before the confirmation stage. Table 1 shows the synthesized and reviewed
drivers from the literature. The drivers are categorized into technology context, external environment
and internal environment.
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Table 1. Drivers of sustainable adoption of BIM.

Contexts Drivers ID Sources

(a) Technology (TOE) .

(b) Relative Advantage, Hong, et al. [102]; Bosch-Sijtsema,
Compatibility, Perceived usefulness (e.g., time Isaksson, Lennartsson and Linderoth
Complexity, Tribality saving, cost reduction, higher D1 [52]; Hong, Hammad, Sepasgozar and
and Observability productivity, smooth workflow) Akbarnezhad [36]; Rodgers, et al.
(IDT) [103]

Hong, Hammad and Akbarnezhad
Perceived ease of use D2 [102]; Bosch-Sijtsema, Isaksson,

Lennartsson and Linderoth [52]
Compatibility with work practices Hong, Hammad and Akbarnezhad

d iobs in hand D3 [102]; Hong, Hammad, Sepasgozar

and jobsm han and Akbarnezhad [36]

Hong, Hammad and Akbarnezhad
Low level of complexity D4 [102]; Bosch-Sijtsema, Isaksson,

Lennartsson and Linderoth [52]
Tangible BIM benefits D5 Bosch-Sijtsema, Isaksson, Lennartsson
(Observability) and Linderoth [52]

(a) Environment (TOE) Hong, Hammad and Akbarnezhad

(b) Mimetic pressure [102]; Bosch-Sijtsema, Isaksson,
Coercive pressure, and  Client demand D6 Lennartsson and Linderoth [52];
Normative pressure Hong, Hammad, Sepasgozar and
(INT) Akbarnezhad [36]; Caroll and

McAuley [104]
Caroll and McAuley [104]; Anuar and
Government mandate b7 Abidin (2015); Forsythe [105]
Adoption by competitors in the
D8
market
Institutional bodies (i.e., push by {“116:; -e}zs[el Oﬁléijé‘i(;u&tclllggcﬁlu;i}é
professional bodies, educational D9 Sty P~ ’ &
institutions) Syal [37]; Poirier, Staub-French and
Forgues [16]
gg;?gszaizteh%g’scuremem and D10 Li, Zheng, Si and Xu [106]
El‘;sr}ll;y software vendors in the D11 Li, Zheng, Si and Xu [106]
Hieh awareness by various Bosch-Sijtsema, Isaksson, Lennartsson
s taiehol ders y D12 and Linderoth [52]; Hong, Hammad,
Sepasgozar and Akbarnezhad [36]
Joseph Garcia, Mollaoglu and Syal
[37]; Bosch-Sijtsema, Isaksson,
(a) Organization (TOE) Lennartsson and Linderoth [52];
8 Top management support D13 Hong, Hammad, Sepasgozar and
Akbarnezhad [36]; Poirier,
Staub-French and Forgues [16]
Bosch-Sijtsema, Isaksson, Lennartsson
L . and Linderoth [52]; Poirier,
Organization readiness D14 Staub-French and Forgues [16];
Olatunji [107]
. . Li, Zheng, Si and Xu [106]; Caroll and
Adequate financial resources D15 McAuley [104]
Li, Zheng, Si and Xu [106]; Joseph
Appropriate organization culture D16 Garcia, Mollaoglu and Syal [37];
Olatunji [107]; Olatunji [107]
Organizational structure D17 Hong, Hammad, Sepasgozar and

Akbarnezhad [36]; Olatunji [107]
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4.1. Interpretive Structural Modelling (ISM) Approach

4.1.1. Structural Self-Interaction Matrix (SSIM)

This present study sent invites to 25 experts in the Nigerian Construction Industry by sending an
email explaining the aim and objectives of the study to them and the approach to be adopted in the
study. Only 16 experts accepted the invite and participated in the study. The number of respondents is
deemed sufficient as the focus is on the quality of the responses, not the quantity and extant studies
that adopted ISM often have lower responses. Table 2 shows the experts” demographics.

Table 2. Experts’ distribution.

Demographics Category Number Percentage

Engineer 3 18.75%
. Quantity Surveyor 2 12.5%
Profession Architect 6 37.5%
Researcher 5 31.25%
Consultant 7 43.75%

T Contractor 4 25%

ype . . S
University/Research institutes 5 31.25%
Consultant 7 43.75%
<5 years - -

5-10 years 3 18.75%
Years of professional experience 11-15 years 7 43.75%

16-20 years 4 25%
>20 years 2 12.5%
1-3 projects 5 31.25%
Number of BIM projects involved A;:g gig}gzzz 2 15.(%0%

>10 projects

The experts identified the contextual relationship between the drivers of BIM in SMEs using:

V = driver Di influences driver Dj and Dj does not influence Dj;
A = driver Dj influences driver Di and Di does not influence Dj;
X = driver Di influences driver Dj and Dj influences Di;

O = drivers Di and Dj are unrelated.

The aggregated responses of the 16 experts are shown in Table 3 as a structural self-interaction
matrix (SSIM). The aggregation was done using the ‘Minority gives way to the majority” as per extant
studies [105,113,114] to avoid subjectivism.
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Table 3. Structural Self-Interaction Matrix (SSIM).
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4.1.2. Initial Reachability Matrix

According to the principle of ISM, the SSIM was converted to an initial reachability matrix using
the following rules:

(a) If the cell entry is V in SSIM, cell i,j will be 1 and cell j,i will be 0 in the initial reachability matrix;
(b) If the cell entry is A in SSIM, cell i,j will be 0 and cell j,i will be 1 in the initial reachability matrix;
(c) If the cell entry is X in SSIM, cell i,j will be 1 and cell j,i will be 1 in the initial reachability matrix;
(d) If the cell entry is O in SSIM, cell i,j will be 0 and cell j,i will be 0 in the initial reachability matrix.

Table 4 shows the initial reachability matrix of the drivers derived from the SSIM. For instance,
cell D1/D7 is O in Table 3, thus according to rule d, cell D1/D17 is 0 and D17/D1 is 0 in Table 4. Similarly,
cell D13/D17 is V in Table 3, and according to rule a, cell D13/D17 is 1 and D17/D13 is 0 in Table 4.
The above rules a to d were applied to the Table 3 to have Table 4 using the instances cited.

Table 4. Initial reachability matrix of the drivers derived from the SSIM.

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16 D17

D1 1 0 0 0 0 1 1 1 1 0 0 0 1 1 0 0 0
D2 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
D3 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0
D4 O 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0
D5 0 0 0 0 1 1 1 1 1 0 0 0 1 1 0 0 0
D6 0 0 1 0 0 1 0 0 0 1 0 0 1 1 1 0 0
D7 0 0 0 0 0 1 1 0 0 1 0 1 1 1 0 0 0
D8 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0
D9 O 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0
D10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
D11 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0
D12 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0
D13 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1
D14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
D15 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
D16 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0
D17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
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4.1.3. Final Reachability Matrix of the Drivers Derived from the SSIM

The initial reachability matrix is check for transitivity based on the procedures of ISM. Transitivity
is a fundamental assumption in ISM which avers that if A is equal to B and B is equal to C, then A will
be equal to C. A Python function (shown below) was used to check for transitivity (Xiang, 2013).

def transitivity (matrix):

result ="
length = len(matrix)
for iin range(0, length):

for row in range(0, length):

for col in range(0, length):
matrix [row] [col] = matrix [row][col] or (matrix[row][i] and matrix[i][col])

result += ("\n W" + str(i) +" is: \n" + str(matrix).replace("],", "] \n") + "\n")
result += ("\n Final Reachability Matrix is \n" + str(matrix).replace("]," , "]\n"))
print (result)

return result

Table 5 shows the outputs from the Python function which checked for the transitivity.

Table 5. Final Reachability Matrix of the drivers derived from the SSIM.

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16 D17

D1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1
D2 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1
D3 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1
D4 O 1 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1
D5 0 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1
D6 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1
D7 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1
D8 O 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1
D9 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1
D10 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1
D11 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1
D12 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1
D13 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1
D14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
D15 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
D16 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1
D17 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1

4.1.4. Hierarchical Structure of the Drivers Derived from the SSIM

In order to partition the drivers to different levels, the reachability set, antecedent set, and the
intersection set is identified for each of the drivers using the final reachability matrix. The reachability
set for a driver consists of the driver itself and any other drivers with a value of 1 in the corresponding
row. Similarly, antecedent set consist of the driver itself and other drivers with a value of 1 in the
corresponding column. The intersection set consist of common items (drivers) in both the reachability
and antecedent sets. Table 6 shows the reachability set, antecedent set, and intersections for all the
drivers using the final reachability matrix. Drivers with the same reachability set and intersection set
are to be partitioned to the same level. Only D14 (Organization readiness) is partitioned to level I
as shown in Table 6. This is because the reachability set ‘14’ is the same as the intersection set ‘14’".
The member ‘14" would be deleted from the next iteration completely as shown in Table 7.
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Table 6. Level I of the hierarchical structure of the drivers using the final reachability matrix.
Driver Reachability Set Antecedent Set Intersection Level
D1 1,3,7,8,9,10,15,16,17 1 1
D2 2,13,14,16,17 24 2
D3 3,13,14,16,17 1,3,5,6,7,8,9,10,11,12 3
D4 2,4,13,14,16,17 4 4
D5 3,5,6,7,89,10,12,13,14,15,16,17 5 5
Dé6 3,6,7,8,9,10,12,13,14,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D7 3,6,7,8,9,10,12,13,14,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D8 3,6,7,8,9,10,12,13,14,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D9 3,6,7,8,9,10,12,13,14,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D10 3,6,7,8,9,10,12,13,14,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D11 3,6,7,8,9,10,11,12,13,14,15,16,17 11 11
D12 3,6,7,8,9,10,12,13,14,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D13 13,14,16,17 1,2,3,4,5,6,7,8,9,10,11,12,13,16,17 13,16,17
D14 14 1,2,3/4,5,6,7,89,10,11,12,13,14,15,16,17 14 I
D15 14,15 1,5,6,7,8,9,10,11,12,15 15
D16 13,14,16,17 1,2,3,4,5,6,7,89,10,11,12,13,16,17 13,16,17
D17 13,14,16,17 1,2,3,4,5,6,7,8,9,10,11,12,13,16,17 13,16,17
Table 7. Level II of the hierarchical structure of the drivers using the final reachability matrix.
Drivers Reachability Set Antecedent Set Intersection Level
D1 1,3,7,8,9,10,15,16,17 1 1
D2 2,13,16,17 2,4 2
D3 3,13,16,17 1,3,5,6,7,8,9,10,11,12 3
D4 2,4,13,16,17 4 4
D5 3,5,6,7,89,10,12,13,15,16,17 5 5
D6 3,6,7,8,9,10,12,13,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D7 3,6,7,8,9,10,12,13,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D8 3,6,7,8,9,10,12,13,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D9 3,6,7,8,9,10,12,13,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D10 3,6,7,8,9,10,12,13,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D11 3,6,7,8,9,10,11,12,13,15,16,17 11 11
D12 3,6,7,8,9,10,12,13,15,16,17 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12
D13 13,16,17 1,2,3,4,5,6,7,8,9,10,11,12,13,16,17 13,16,17 II
D15 15 1,5,6,7,8,9,10,11,12,15 15 II
D16 13,16,17 1,2,3,4,5,6,7,8,9,10,11,12,13,16,17 13,16,17 II
D17 13,16,17 1,2,3,4,5,6,7,8,9,10,11,12,13,16,17 13,16,17 1I

Partitioned drivers are removed from the iteration and the reachability set, antecedent set, and

the intersection are identified again. Table 7 shows the new sets after removing the partitioned driver
(D14). Drivers that have their reachability set as the same as their intersection set are to be partition
to the same level during each iteration. D13 “Top management support’, D15 “Adequate financial

resources’, D16 ‘Appropriate Organization culture’, and D17 ‘Organizational structure” are partitioned
to level Il as shown in Table 7. This is because the reachability set for D13 is “13, 16, 17’; D15 reachability
set “15”; D16 reachability set ‘13, 16, 17’; and D17 reachability set 13, 16,17 are all the same with their
respective intersection set. The members ‘13, 15, 16, and 17" would be deleted from the next iteration
completely as shown in Table 8.



Sustainability 2020, 12, 3710 14 of 23

Table 8. Level III of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level

D1 1,3,7,8,9,10 1 1

D2 2 24 2 I
D3 3 1,3,5,6,7,89,10,11,12 3 I
D4 2,4 4 4

D5 3,5,6,7,89,10,12 5 5

D6 3,6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12

D7 3,6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12

D8 3,6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12

D9 3,6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12

D10 3,6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12

D11 3,6,7,89,10,11,12 11 11

D12 3,6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12

Drivers at levels I and II are removed from the new iteration to have Table 8. ‘Perceived ease of
use” and ‘Compatibility” are partitioned to level III as shown in Table 8. This is because the reachability
set for D2 is ‘2" and D3 reachability set ‘3" are all the same with their respective intersection set. The
members ‘2 and 3’ would be deleted from the next iteration completely as shown in Table 9.

Table 9. Level IV of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level

D1 1,7,8,9,10 1 1

D4 4 4 4 v
D5 5,6,7,8,9,10,12 5 5

Dé 6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12 v
D7 6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12 v
DS 6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12 v
D9 6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12 v
D10 6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12 I\Y
D11 6,7,89,10,11,12 11 11

D12 6,7,8,9,10,12 1,5,6,7,8,9,10,11,12 6,7,8,9,10,12 v

Partitioned drivers at levels I, II, and III are removed from the iteration. ‘Low level of
complexity’, ‘Client demand’, ‘Government mandate’, “Adoption by competitors’, ‘Institutional
bodies’, “Collaborative procurement and adaptive methods” and ‘High awareness by the various
stakeholders’ are partitioned to level IV as shown in Table 9. This is because the reachability set for
D4 is ‘4’; D6 reachability set 6,7,8,9,10,12"; D7 reachability set ‘6,7,8,9,10,12"; and D8 reachability set
'6,7,8,9,10,12’; D9 reachability set ’6,7,8,9,10,12’; D10 reachability set ‘6,7,8,9,10,12"; and D12 reachability
set ‘6,7,8,9,10,12" are all the same with their respective intersection set. The members ‘4,6,7,8,9,10" and
12" would be deleted from the next iteration completely as shown in Table 10.

Table 10. Level V of the hierarchical structure of the drivers using the final reachability matrix.

Drivers Reachability Set Antecedent Set Intersection Level
D1 1 1 1 A%
D5 5 5 5 \%
D11 11 11 11 A%

The last iteration revealed that ‘Perceived usefulness’, ‘“Tangible benefits” and ‘Push by software
vendors in the market” have their reachability set to be the same as their intersection. Thus, they
are partitioned to level V as shown in Table 10. This is because the reachability set for D1 is ‘1’; D5
reachability set ‘5" and D11 reachability is ‘11 are all the same with their respective intersection set.
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Figure 3 shows the ISM approach based hierarchical structure obtained from the previous
drivers partitioning.

Level
Organisation readiness I
(D14)
Top A.d equfite Organic Appropriate
management financial structure culture II
support resources
(D13) (D15) (D17) (D16)
Perceived ease o
of use Co mgja;blhty I
(D2)
Collaborative
Low-level Client demand Competitor Stakeholders” Institutional Government method and
complexity D6) (]:F)’ 8) awareness bodies mandate adaptive v
(D4) (D12) (DY) (D7) procurement
(D10)
SPOI;tSh :3; Perceived Tangible
ven‘élvors usefulness benefits A%
1) 1) D5)

Figure 3. Interpretative Structural Model (ISM) for drivers of BIM adoption in SMEs.

4.2. Matrice d’Impacts Croises-Multipication Applique a Classement (MICMAC) Analysis

The MICMAC analysis was computed using the dependence power and the driving force for each
of the drivers as shown in Table 11. The dependence power is the sum of all the values in a row for
a driver using the final reachability matrix table and the driving power is the sum of all values in a
column for a driver using the final reachability matrix table

Table 11. Dependence and Driving Power of the drivers.

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16 D17

Dp power 1 2 10 1 1 9 9 9 9 9 1 9 5 17 10 15 15
Dr power 13 5 5 6 13 12 12 12 12 12 13 12 4 1 2 4 4

The dependence power and driving force are used to plot the diagrap as shown in Figure 4.
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Figure 4. Diagraph and MICMAC analysis of the drivers.

The diagrap categorized the drivers into four groups as follows:

(@) Autonomous drivers: These are drivers with weak driving power and weak dependence power.
The autonomous drivers include perceived ease of use (D2) and low level of complexity (D4).
They have a few links and often disconnected from the main system;

(b) Dependent drivers: These are drivers with strong dependence power and weak driving power.
They include perceived usefulness (D1), benefits observability (D5), and push by software vendors
(D11). As they depend on other drivers, they can be influenced by addressing other drivers;

(c) Independent drivers: These are drivers with the strong driving force and weak dependence force.
They include compatibility (D3), top management support (D13), organization readiness (D14),
adequate financial resources (D15), appropriate organization culture (D16), and organizational
structure (D17). These are considered as the most important drivers;

(d) Linkage drivers: These are drivers with strong driving and dependence power. They include
client demand (D6), government mandate (D7), adoption by competitors (D8), institutional bodies
(D9), collaborative procurement and adaptive methods (D10), and awareness of the various
stakeholders (D12). These drivers drive themselves and have feedback effects on other drivers.

5. Discussion of Results

Most construction sectors in developing countries are BIM infant industries that are still struggling
with BIM adoption and Implementation. These BIM infants are facing challenges ranging from
innovation characteristics to internal and external contexts. A major challenge is the lack of government
support for BIM in most of these countries as seen in some developed countries.

In the case of Nigeria, the construction small and medium-sized enterprises which are the backbone
of the economy are at the receiving end because of their characterized features. They are characterized
with lack of resources, a small number of employees, and lacks innovation adoption which have often
been posited as making BIM adoption difficult for the SMEs. This present study evaluates the major
drivers that could lead to sustainable adoption of BIM in Nigeria from the perspective of the SMEs.
Drivers were identified, reviewed, and synthesized into 17 major drivers using the theoretical lenses
of innovation diffusion theory, institutional theory, and technology organization and environment
framework. BIM experts from the Nigerian construction SMEs were consulted to help identify the
dynamics and the relationship among the drivers using the interpretive structural modelling (ISM)
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technique. This technique decomposes a complex system into various subsystems for easy intervention.
Five (5) levels were identified hierarchically using the ISM principle with the importance of the levels
in descending order. Thus, drivers at the level I are more important than the drivers at level V.

Organization readiness is the only partitioned driver in level I of the ISM model and this shows
the significance of the firms’ readiness in driving BIM adoption in the SMEs. This result suggests
that the major driver of BIM in Nigeria is the internal will of the firm in the absence of government
mandate. It resonates with Abubakar, Ibrahim and Bala [69] that the firms need to be people, process,
technology, and management ready in order to adopt BIM sustainably. The level II of the ISM model
consists of top management support, adequate financial resources, organic structure and appropriate
culture. This shows that the top management staff in SMEs are crucial to the decision to adopt BIM,
which is logical because the top management staff may be a sole proprietor or a small number of
individuals whose decision is final. Also, an adequate financial resource is important because the
SMEs lacks access to financial resources and the cost of BIM implementation (cost of BIM tools and
staff training) is high. Thus, most SMEs see BIM as risky and are unwilling to adopt BIM which is in
tandem with the findings of Saka, Chan and Siu [45]. Consequently, an adequate financial resource
will lead to BIM affordability for the SMEs [30]. Also, appropriate culture would ensure that there is
no resistance to change and organic structure would make the BIM process (change) easier because of
the firms’ flexibility [36].

Level III consists of perceived ease of use of BIM tools and compatibility of the BIM tool with
the SMEs job practice. These drivers are technology characteristics that are important for BIM
adoption because when the SMEs perceived that BIM tools are easy to use and it is applicable for
use on their projects as against the perception that BIM is meant for large firms [108], they will likely
embrace it. Level IV consists of government mandate, competitors, client demand, institutional bodies,
collaborative approaches, and low complexity of the BIM tools. This suggests that a combination of
both technology characteristics, internal and external context drivers are also necessary to drive BIM.
This corroborates Sexton, And and Aouad [34] that effective technology transfer entails interaction
between the technology, the firm, and the external environment. The last level (level V) on the other
hand consists of the push by software vendors, perceived usefulness and observability of benefits.
Albeit these drivers are also important, however, this ISM indicates that they may not be able to drive
sustainable adoption of BIM in the Nigerian SMEs effectively as compared with other drivers. This is
logical because the SMEs are often hard to reach and the push by software vendors are often targeted
at the large firms that have the financial means to invest in BIM. Also, the tangibility of BIM benefits is
not a major driver of BIM as currently seen in the AEC where most of the BIM benefits are non-tangible
but there is still an increase in BIM adoption. In essence, BIM benefits are mostly nontangible at the
early stage of the implementation and this does not resonate well with the SMEs that often prefer to
invest in innovation that would contribute to business within a short period [34]. This is reflected in
their perception that BIM is not applicable to their projects compared to the large firms [39].

The MICMAC analysis categorized the drivers into four categories of drivers. These categories
are autonomous, independent, dependent and linkage drivers. The autonomous drivers have few
links in the system and consist of the perceived ease of use, and complexity of the BIM tools. Perceived
usefulness, observability of benefits and push by software vendors are grouped into dependent drivers.
This suggests that these drivers depend on other drivers which can easily influence them. For instance,
stakeholders” awareness would influence perceived usefulness and software vendors” push. Also,
clients’ demand and collaborative approaches could lead to the observability of BIM benefits in SMEs.
The independent drivers are the most important drivers and consist of top management support,
compatibility, organization readiness, adequate financial resource, appropriate organization culture,
and organic structure. This is in tandem with the ISM model that partitioned organization readiness to
level I of the major drivers. The independent drivers also corroborate Hong, Hammad, Sepasgozar and
Akbarnezhad [36]. Similarly, top management support is also very important and resonates with the
findings of Ogunmakinde and Umeh [77] in the Nigerian AEC industry. Due attention should be paid to
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these independent drivers as they are the major drivers of sustainable adoption of BIM in the Nigerian
construction SMEs. Linkage drivers, on the other hand, include client demand, government mandate,
adoption by competitors, institutional bodies, collaborative approaches, and stakeholders” awareness.
These linkage drivers are sensitive as they have feedback effects on other drivers. For instance, clients
demand for BIM on construction projects would lead to top management support and may also lead to
available resources for BIM implementation. Similarly, government mandate would force SMEs that
are working either as a main contractor or subcontractor on public projects to be BIM compliant. Also,
adoption by competitors in the industry might have an influence on the firm management to adopt
BIM in order to be able to compete. Lastly, an increase in stakeholders” awareness would influence top

7

management, organization readiness and organization culture.

6. Conclusions

The need for sustainable adoption of BIM in the SMEs of developing countries cannot be
overemphasized because they have innate potentials and represent the backbone of the economy.
Sustainable adoption of BIM in the Nigerian SMEs is necessary in order to bridge the digital divide
between the SMEs and the large firms that are BIM compliant. It is also necessary for the integration
of the fragmented construction industry which has been causing many intractable problems in the
sector. This present study identified the major drivers of BIM in the Nigerian SMEs and adopted an
interpretive structural modelling approach using BIM experts input to determine the dynamics and
the relationship among the drivers. The ISM model ranked the drivers in hierarchical levels using the
experts’ responses and the results indicate that the major driver of BIM is the organization readiness.
The model also portrays the need to view BIM adoption in the context of technology characteristics,
internal and external contexts because the SMEs cannot operate in a vacuum. The MICMAC analysis,
on the other hand, categorized the drivers into four major categories with different characteristics.
This categorisation presents the drivers in more reflective light and identifies the drivers that are
of utmost importance, the sensitive drivers and the drivers that can be easily influenced by other
drivers. This would make intervention easy for policymakers and stakeholders interested in sustainable
adoption of BIM in the Nigerian construction SMEs.

This study is of paramount importance because it considers BIM from the perspective of the SMEs
which is found missing in the few extant BIM studies in BIM infant countries. It adopted organization
theoretical lenses to frame the study in order to reap benefits from these rich theories that have been
developed from diverse bodies of knowledge. The study adopted the ISM approach to show the
dynamics of the drivers as against the prevailing approaches of mean score, relative importance index
and other similar approaches. It set the scene for dynamic simulation of the effects of these drivers on
BIM adoption in the SMEs of developing countries. Also, the pace of BIM adoption in developing
countries can be easily influenced by the identified drivers for SMEs because they are the backbone of
the economy and a BIM compliant construction SMEs is a BIM compliant construction sector.

Only 16 experts responded to the questionnaire survey which may serve as a limitation of the
study, however, the ISM focus is on experts that are knowledgeable and experienced in the subject
matter and not on the quantity of the experts. Similarly, there are many drivers of BIM adoption in
SMEs based on the literature, however, the present study groups them into 17 major drivers and 3
contexts; and these major drivers can be decomposed into subdrivers of BIM if necessary.
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