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Abstract: The Architecture, Engineering, Construction and Operations (AECO) industry is gener-
ally slow in adopting emerging technologies, and such hesitance invariably restricts performance
improvements. A plethora of studies have focused on the barriers, Critical Success Factors (CSFs),
lifecycle and drivers independently, but none have explored the impact of BIM drivers and awareness
on the project lifecycle. This study empirically explored the impact of BIM drivers and awareness
on the project lifecycle using Structural Equation Modelling (SEM). Initially, a conceptual model
was developed from an extensive literature review. Thereafter, the model was tested using primary
questionnaire data obtained from 90 construction professionals in Lagos, Nigeria. Emergent findings
indicate that Building Information Modelling (BIM) drivers have a high impact on BIM awareness
at the operation stage of the project lifecycle. The SEM model has an average R2 value of 23%
which is moderate. Consequently, this research contributes to the existing body of knowledge by
providing invaluable insight into the impact of BIM drivers on BIM awareness in the project lifecycle.
Knowledge acquired will help industry stakeholders and government to develop appropriate policies
to increase BIM uptake within contemporary practice.

Keywords: building information modelling; drivers; structural equation modelling; Nigeria; project
lifecycle; awareness

1. Introduction

The Architecture, Engineering, Construction and Operations (AECO) industry con-
stitutes a cornerstone of a country’s economy and is predicted to account for circa 15%
of the World’s Gross Domestic Product (GDP) by 2030 [1,2]. Construction outputs create
critical infrastructure and buildings that cumulatively constitute the built environment
which provides the basis for society and other industries to flourish [3,4]; hence, the eco-
nomic contribution is perhaps greater than the estimated “direction” contribution to the
GDP. Annually, the AECO industry is responsible for nearly 40% of the total energy use,
32% of CO2 emissions and 25% of the generated waste in Europe [5,6]. Furthermore, in
many developing countries, the construction industry has undergone substantial fluc-
tuations to accomplish its local economic objectives [7]. As a result, many developing
countries’ financial procedures are in the process of improvement [8]. In these countries,
construction projects frequently face several time-schedule delays [9–11]. Furthermore, the
industry is faced with numerous productivity issues stemming from the lack of adoption
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of emerging technologies or concepts such as Building Information Modelling (BIM) [12],
blockchain [13], Internet of Things (IoT) [14] and Industry 4.0 [15]. As a result, the con-
struction industry in developing countries does not achieve government goals for society
and clients, and a need for developing “overall success construction projects” that are
resource-efficient has been underlined in the literature [16].

BIM resides at the vanguard of advancements made, and literature on this technology
and its applications is ubiquitous and can be combined with the success approach at the
preliminary and whole phases of a project [17]. Autodesk [18] defined BIM as “an intelligent
3D model-based process that gives architecture, engineering, and construction professionals the in-
sight and tools to more efficiently plan, design, construct, and manage buildings and infrastructure”.
BIM contains the inherent latent capacity to improve efficiency in the design, construction
and maintenance of buildings [19,20].

BIM continues to undergo radical metamorphosis in response to sector stakeholder
calls for technology to address systemic and recurrent issues that doggedly persist, viz.
thematically grouped as productivity, cost and time management problems [21]. BIM as
a procedure is targeted at the procedure of frequent production and at using the highest
effective technology available to increase the improvement of Return on Investment (ROI)
via refined and standardized processes [22]. It enables a central hub of data that designers,
engineers, Mechanical, Electrical and Plumbing (MEP) contractors, operators and Facility
Management (FM) corporations can execute for different buildings of any type and size
besides current projects [23]. Consequently, BIM has been considered a critical lifecycle
management tool that can have a significant positive effect on a building’s lifecycle [24,25].

However, BIM’s full potential is arguably yet to be realised despite the many palpable
benefits inherent within this software. Many related studies that have sought to disentangle
a Gordian knot of barriers to BIM adoption have focused on identifying the current state of
adoption [26], defining and delineating the barriers (Babatunde, et al. [27]) and identifying
the drivers (Olanrewaju, et al. [2], Eadie, et al. [28], Olawumi and Chan [29]) in both devel-
oped and developing countries. Consequently, there is also a lack of systematic attempts
to examine the drivers for BIM implementation in the construction industry. Whereas
previous studies have examined BIM activities and method efficiency in various developed
countries, humble effort has been generated to explore the drivers and how BIM implemen-
tation can enhance its awareness in Nigerian construction projects. Drivers are important
management processes for guaranteeing success and reflect “features where, if successfully
executed, their results will assure an organization’s competitive performance” [30,31]. For
example, Olanrewaju, et al. [2] revealed that key drivers include construction process
visualization, improved decision-making process, controlled whole-life costs and environ-
mental data, improved quality and increased sustainability and improved productivity
and collaboration, which are the most important drivers for BIM adoption in the Nigerian
AECO industry. Similarly, Eadie, et al. [28] identified clash detection, government pressure,
competitive pressure, accurate construction sequencing and cost savings through reduced
re-work. Rodgers, et al. [32] also identified clash detection, collaboration enhancement and
cost saving as the key drivers for BIM adoption in Australia. Anecdotal synthesis of this
aforementioned prevailing body of knowledge illustrates similarities in the drivers for BIM
adoption. However, the impact(s) of these drivers on the BIM awareness on project lifecycle
has received scant academic attention, yet knowledge of this phenomenon is crucial to
understanding how to augment BIM implementation in the AECO industry. Consequently,
for this empirical investigation, the following research question was posed: What is the
impact of BIM drivers’ implementation on its awareness in the Project Lifecycle (PL)? As a
result, the current work is the first to address this gap by quantitatively investigating the
impact of BIM drivers on BIM awareness across the project lifecycle using deterministic
techniques to represent networks of constructs to primary data collated and determine rela-
tionships between input variables using Structured Equation Modelling (SEM). Associated
objectives were to: excoriate the impact of BIM drivers on BIM awareness across the project
lifecycle as a basis for the development of appropriate policies and strategies to increase
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BIM uptake within the contemporary practice; and engender wider critical debate and
discussion amongst industry stakeholders and policy advisors but also stimulate further
research and investigation within the academic community. This study can help decision-
makers succeed in their construction projects by reducing unnecessary expenditures and
improving quality through the usage of BIM. This study is significant for the Nigerian
construction sector, which has been slow to implement BIM. As a consequence, the findings
from this study might be a game changer in construction projects not only in Nigeria but
also in other developing countries where construction projects are carried out in a similar
manner and method [33].

2. Awareness of BIM in the AECO Industry

BIM implementation continues to gain exponential momentum among global con-
struction professionals [34]. For example, the National Building Specification (NBS) [35]
revealed that there is a high level of BIM awareness in the UK, Canada, Finland and New
Zealand. Consequently, BIM awareness and adoption have grown expeditiously from 10%
in 2011 to nearly 70% in 2019 [36]. McGraw-Hill [37] revealed the implementation rate of
BIM in Australia to be 64% while Rodgers, et al. [32] indicated a 48% level of adoption
among Small–Medium Enterprises (SMEs). However, Tookey [38] revealed that there are
doubts about the advantage of BIM in New Zealand’s construction industry.

In sub-Saharan Nigeria (as an exemplar of a developing country), Anifowose, et al. [39]
indicated the adoption level of BIM as 50% while Ogunmakinde and Umeh [40] recorded a
58% level of awareness. Olanrewaju, et al. [26] also reported a high level of BIM awareness
at the design stage which concurs with the findings of Onungwa and Uduma-Olugu [41]
where client satisfaction and drawing improvement were identified as the major reasons
for BIM usage at the design stage. However, Olapade and Ekemode [42] reported that
there is very low awareness of BIM implementation for facility management practices in
Nigeria. Literature suggests that many Nigerian construction professionals are aware of
BIM and its potential benefits. For other developing countries, Gamil and Rahman [43]
highlighted that 38% of Yemen’s construction practitioners are aware of the benefits of BIM
while 8% are already implementing it. Similarly, Ismail, et al. [44] assessed the level of
BIM uptake in Asian developing countries including China, Malaysia, India, Indonesia,
Thailand, Myanmar, Sri Lanka, Mongolia, Vietnam and Pakistan. The study reported a low
level of BIM implementation in the region. Nonetheless, China is at the forefront of BIM
adoption due to its hybrid system, i.e., it has attributes of both a developed and developing
country. Mehran [45] reported that the use of BIM in the United Arab Emirates (UAE) is
gathering momentum while Shibani, et al. [46] indicated a low level of BIM awareness
in Lebanon.

Recently, there has been positive feedback regarding BIM awareness in some devel-
oping countries such as South Africa [47]. This connotes that much work has been done
regarding promoting the use of BIM in developing economies. Conclusively, construction
professionals in developing countries are becoming aware of the benefits BIM offers, and
the major problem lies in implementing BIM for construction projects. For instance, Olan-
rewaju, et al. [26] stated that only the Eko Atlantic City project has fully implemented BIM
(i.e., from design to operation stage) in Nigeria.

2.1. BIM and Project Lifecycle

Raouf et al. [48] proffered that BIM has transformed traditional construction-project-
management practices which in turn impact the project lifecycle. BIM usage varies across
this lifecycle which is periodically punctuated by inputs from diverse professionals at var-
ious stages of development—defined for brevity as design (e.g., designers and architects),
construction (e.g., contractors) and operation stages (e.g., facility managers) [26,49]. The BIM
usage at different project lifecycle stages is shown in Table 1 which was adapted from our
previous study. The table highlights the different uses of BIM during project execution which
are discussed based on building lifecycle stages in Sections 2.1.1–2.1.3.
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Table 1. BIM usage and awareness in project lifecycle.

Constructs Code

Design stage
Cost Estimation AW1

Construction Planning AW2
3D Coordination AW3

Prefabrication AW4
Visualization AW5

Constructability Analysis AW6
Sequencing AW7

Construction stage
Construction Monitoring AW10
Maintenance Scheduling AW11

Fabrication AW12

Operation stage
Asset Management AW13

Building System Analysis AW8
Record Modelling AW9

Note: Adapted from Olanrewaju, et al. [2].

2.1.1. Design Stage

The design stage often involves a virtual collaboration between the architect/designer,
structural engineer and mechanical and electrical services engineer to ensure design clashes
are minimised in a federated model [50]. In addition, depending on the country’s legaliza-
tions, BIM models are implemented using different software (ArchiCAD, Revit or SketchUp,
CYPE MEP, DDS-CAD,). These models are imported into simulation software packages
(e.g., Ecotect or IES-VE) to assess building features and sustainability. After the successful
design, the quantity surveyor is responsible for using BIM tools such as costX, Navisworks
or Vico to generate thorough cost analysis and Bills of Quantities. The final designs and cost
details are then presented to the client for contractor selection and project commencement.
In summary, BIM in the design stage not only enables visualisation of the project and
design but also enhances the project by reducing the cost without affecting the quality.
Chahrour, et al. [51] expressed that BIM offers cost savings through early clash detection in
design before the project execution. It has also been viewed as a tool that facilitates a smart
contract-automation process and effective collaboration among team members [52,53].
Cheng, et al. [54] argued that BIM has the potential to enhance the efficiency of facility
maintenance management for MEP components (mechanical, electrical and plumbing) in
building projects.

2.1.2. Construction Stage

During the construction stage, the “as-designed” BIM model produced is used by
the contractor and consultant to ensure appropriate cost and time management and track
the project progress; however, changes will be needed to reflect the final “as-built” struc-
ture to cater to client variations [49]. Olanrewaju, et al. [26] also highlighted construction
monitoring, maintenance scheduling and fabrication as the main uses of BIM during the
construction stage. Similarly, Eastman, et al. [55] mentioned monitoring, modelling and
fabrication as the major uses of BIM. The 3D models contain essential data related to build-
ing projects essential for BIM procedures, far better than usual construction methods [56].
BIM techniques deliver the chance to organize project data, such as building geometry,
and construction typology that can be used in creating informed decisions [57,58]. Con-
sequently, BIM represents an effective tool for obtaining an accurate model that reflects
the “as-is condition” or “as-built” condition in a project [56]. Currently, key technological
advances enabled detailed three-dimensional (3D) models to illustrate the “as-is condi-
tion” of buildings projects [59,60]. Three-dimensional laser scanning is a reality-capture
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technique that aims to collect the greatest and extremely accurate data about “as-built” or
“as-is condition” [56].

2.1.3. Operation Stage

The operation stage is characterised by maintenance and facility management oper-
ations aimed at improving the building’s lifespan. Comparatively, this area attracts less
research, and general awareness is low (even in developed countries); however, some
advanced applications in the industry are apparent [3]. Within the developing country
of Nigeria, Olapade and Ekemode [42] expressed the low level of BIM awareness among
facility management professionals. Additionally, Olanrewaju, et al. [26] reported a low
level of BIM awareness at the operation stage in the Nigerian construction industry and
potential applications that include asset management, building system analysis and record
modelling. Elsewhere, Xu, et al. [49] also mentioned that BIM could be used for emergency
management, lifecycle management and facility management. In addition, the implementa-
tion of the BIM concept in the building industry also belongs to the category of the digital
twin approach for enhancement of building maintenance [61]. Digital twin has been the
subject of various classic studies for increasing performance and decreasing operating
costs in assets, machines, processes and specific applications with different integration and
levels [62]. As a result, throughout the BIM implementation process, the design concept is
turned into a three-dimensional model and then progressively into architecture for better
performance maintenance procedures [61].

2.2. Drivers of BIM

The construction industry is characterized by poor document and information man-
agement which negatively impacts the project’s lifecycle. Saka and Chan [63] also reported
that the industry is notoriously slow to adopt modern digital technologies such as BIM
which has stunted industry growth and modernity. In recent years, BIM has grown in popu-
larity as a tool for design and construction in the built environment across the world [34,64].
BIM has developed as a solution, with significant promise for generating, consolidating
and maintaining these connected databases, which contain essential information for a
facility (or a portfolio of facilities) to assist operations and maintenance [65]. In addition,
Nieto-Julián, et al. [66] agreed that BIM can support members of a multi-disciplinary team
from the heritage field by providing data interoperability. Furthermore, the study (ibid)
revealed four major drivers of BIM adoption in Nigeria, viz.: (1) construction-related;
(2) process-digitalization- and economics-related; (3) sustainability- and efficiency-related;
and (4) visualization- and productivity-related. Stransky and Dlask [67] suggested that
BIM aids decision making during project execution and improves construction produc-
tivity. Similarly, Eastman, et al. [55] asserted that BIM improves collaboration among
project teams. Studies also highlight the benefit of BIM in cost estimation and management
processes [2,68].

BIM has also been considered as a crucial tool in promoting sustainable construc-
tion/buildings through the term “Green BIM” which aims to reduce the impact of construc-
tion activities on the environment [69,70]. Amarasinghe and Soorige [71] demonstrated
the use of BIM for building Lifecycle Assessment (LCA) and made recommendations on
how to improve BIM-LCA assessments. The innate visualization capability of BIM is
another critical driver for its adoption as it enables the client to virtually preview their
proposed structure before construction commences. This empowers the design team with
the flexibility to adjust certain building features in line with the client’s comments [2,55].
Lin and Hsu [72] adopted BIM to support problem visualization and management using
a web-based API. This demonstrates the ability of BIM to visualize problems and work
progress at an early stage. Table 2 summarizes the BIM drivers extracted from existing
literature reviewed and categorized based on the BIM drivers’ groups identified in [2].
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Table 2. Drivers of BIM implementation.

Drivers Code

Construction-related driver
Construction planning and monitoring D13

Synchronized design and construction planning D12
Facilities management record model D14
Improved decision-making process D11

Improved productivity and collaboration D10

Process-digitalization- and economics-related driver
BIM-enabled estimating capabilities D2

Controlled whole-life costs and environmental data D4
Potential economic benefits D3

Lifecycle data D8

Sustainability- and efficiency-related driver
Green building standards incorporation D6

Increased efficiency and coordination D9
Improved customer service D7

Visualization- and productivity-related driver
Construction process visualization D1

Improved quality and increased sustainability D5
Note: Adapted from Olanrewaju, et al. [2].

3. Research Methods

This research adopted positivism analysis to conduct an empirical analysis of primary
data collated from a questionnaire survey; such an approach is well established within
contemporary construction management literature [73,74]. Positivism was first adopted to
analyse extant literature and identify pertinent BIM implementation drivers in BIM awareness
across the PL (i.e., model constructs and constructs classification) and build a conceptual
model [75–77]. Consequently, Structural Equation Modelling (SEM) was employed to define
the relationships between constructs. The overarching epistemological research design is
shown in Figure 1, while the conceptual model developed is shown in Figure 2.
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3.1. Survey Administration

The identified constructs were used to design a closed-ended 5-point Likert scale
with 5 = very high, 4 = high, 3 = average, 2 = low and 1 = very low as used in many
earlier studies [78–80]. A closed-ended questionnaire was adopted because of its inherent
ability to yield expedient responses from a large survey conducted and low administration
costs [81]. The study’s scope was restricted to Lagos because it is the commercial hub of
Nigeria and, in recent years, has developed remarkable infrastructures such as Eko Atlantic
City and Dangote petroleum refinery [26].

The questionnaire was divided into two sections, namely: (1) respondent’s demo-
graphics; and (2) 5-point Likert scale questions on the constructs (see Tables 1 and 2).
A total of one hundred and fifty (150) questionnaires were distributed; ninety (90) were
completed and returned—equating to a 60% response rate. This response rate provides
reasonable data for analysis [82]. Furthermore, the sample size used is adequate and has
been implemented in previous studies on the current state, barriers and drivers of BIM in
the Nigerian construction industry [2,26,27,83].

3.2. Data Analysis
3.2.1. Reliability Test

Cronbach’s Alpha Reliability Test (CART) was conducted on data collected to deter-
mine the internal consistency of the study’s constructs in the questionnaire. The Cronbach’s
alpha coefficients range from 0 to 1 in value [83,84] where 0.90 means high reliability,
0.80 moderate reliability and 0.70 low reliability [85]. CART is calculated by using the
following formula in Equation (3) (Cronbach, 1951):

α =
n

n− 1

(
1− ∑i Vi

Vt

)
(1)

where:

n = the number of items
Vt = the variance of the total scores
Vi = the variance of the item scores
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The reliability test for the constructs revealed a Cronbach’s alpha coefficient of 0.910
which is considered very reliable.

3.2.2. Respondent Demographics

In terms of the respondents’ profession, 24% were quantity surveyors, 20% were
builders and civil engineers, 19% were architects, and 17% were estate surveyors. This
distribution illustrates that good representation was accrued from the major profession-
als working within the Nigerian construction industry. For working experience (and in
highest to lowest order), 40% of respondents had 5–10 years, 32% had <5 years, 12% had
11–15 years, 10% had 16–20 years, and 6% had 21 years. This connotes the respondents are
well experienced to provide informed and insightful information for this study.

3.2.3. Analytical Technique

SEM adopts a confirmatory approach to the analysis of a structural theory based
on some conditions. Usually, the theory symbolises “causal processes” that result in the
production of multiple variables [86]. It is a powerful tool capable of handling latent
variables in multivariate regression analysis [76]. SEM encompasses two critical aspects
of the procedure which include: (1) a series of regression equations which implies the
study of causal processes; and (2) a diagrammatic representation of structural relations for
better theory conceptualisation [86]. SEM was adopted because it has been successfully
applied in previous BIM-related studies, viz.: Chen, et al. [87] who sought to identify the
impact of information management on BIM maturity; Chang, et al. [88] who explored
the impact of BIM implementation on the acceptance of integrated delivery systems; and
Okakpu, et al. [89] who explored the influence of environmental factors on BIM adoption
for refurbishment projects. The statistical investigation conducted in this study embraced
the common-method variance analysis, measurement and structural model evaluation
technique via SmartPLS 3.2.7 software which are discussed in the following sub-sections.

3.2.4. Common-Method Variance

Common-method bias (CMB) is the bias generated from the common-methods vari-
ance (CMV) and clarifies the error investigation outcomes [90,91]. In many occurrences,
data collection may increase the extent of trigger issues such as bias relationships [92,93].
Therefore, it is vital to identify these issues to detect any CMV using a formal system-
atic one-factor analysis which was conducted as recommended by Harman [94] and
Podsakoff, et al. [91]. Factor analysis shows the degree of variance explained by the
variable [93].

3.2.5. Measurement Model

The measurement model explains the existing association between the indicators or
measurement and their construct [95] and can be addressed via convergent and discrimi-
nant validity assessments. Convergent validity explores the level of agreement between
two measurements in each construct [96]. In addition, discriminant validity highlights
that the concept being assessed for each construct is empirically distinct and proposes any
constructs that do not recognize the concept being observed in the SEM [97,98].

3.2.6. Structural Model

The main stage of the proposed model evaluation embraces the use of the structural
model [16]. In this study, the structural model was generated via path analysis to evaluate
all complicated relationships between constructs at the same time [99]. Consequently, a total
of four structural equations for BIM drivers’ constructs were considered for the proposed
Partial Least Squares Structural Equation Modelling (PLS-SEM) model, demonstrating
relationships among the BIM drivers and BIM awareness constructs (Figure 4).
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4. Results
4.1. Common-Method Bias

Common-method bias represents a measurement of variance (i.e., variance of error
correlated with the measured variables) that influences the validity of a study [91,100].
In this study, a single-factor analysis was conducted to identify the standard method
variance [94]. If the overall variance of the factors is <50%, the common-method bias does
not influence the collected data [101]. The findings illustrate that the first set of factors
indicates 34.63% of the total variance, and consequently, the common-method variance
cannot affect the results [101].

4.2. Measurement Model (First-Order Construct)

The SEM depicted in Figure 3 reproduces the above conceptual model for this study. In
the previous tables, all the BIM drivers and awareness factors during the project’s lifecycle
(design, construction and operation) were detailed and classified according to previous
studies and EFA analysis. The measurement analysis for the proposed model requires
an evaluation of: (1) Cronbach’s alpha analysis; (2) internal consistency of composite
reliability; (3) Average Variance Extracted (AVE); and (4) discriminant validity [102].
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Normally, items with an outer load around 0.40 and 0.65 can only be recommended
for omission from the scale if the indicator’s removal resulted in a substantial improvement
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higher than the error variance. External loads for the original and modified measurement
models are shown in Figures 3 and 4.
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Consequently, all outer loads were accepted with the exception of two items related
to “BIM awareness” at the construction stage (“AW11” and “AW12”), which were omitted
from the initial model resulting in a lower loading factor of <0.6 (see Figure 3 and Table 3).
A modified model (see Figure 4) was further calculated once these items were eliminated.
Furthermore, the internal consistency of Composite Reliability (cr) was assessed due to
Cronbach’s alpha restrictions, which determine sensitivity concerning the number of items
involved [102]. Consequently, these two assessments showed that all constructs reached
the Cronbach’s alpha and cr > 0.60 thresholds and were appropriate [104–106]. The results
also show that all constructs passed the AVE test with a value >0.50, which means that all
constructs have appropriate convergent values (Table 3) [104].

Table 3. Construct reliability and validity tests.

Constructs Item
Outer Loading Cronbach’s

Alpha
Composite
Reliability AVEInitial Modified

Construction

D10 0.809 0.808

0.877 0.910 0.670
D11 0.826 0.826
D12 0.811 0.811
D13 0.868 0.868
D14 0.778 0.778

Process digitalization and economics

D2 0.822 0.822

0.810 0.876 0.638
D3 0.737 0.737
D4 0.804 0.804
D8 0.828 0.828

Sustainability and efficiency
D6 0.749 0.749

0.674 0.820 0.604D7 0.770 0.770
D9 0.810 0.811

Visualization and productivity D1 0.755 0.756
0.602 0.826 0.705D5 0.917 0.916
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Table 3. Cont.

Constructs Item
Outer Loading Cronbach’s

Alpha
Composite
Reliability AVEInitial Modified

Awareness of BIM (design stage)

AW1 0.732 0.732

0.876 0.904 0.574

AW2 0.759 0.759
AW3 0.783 0.783
AW4 0.757 0.757
AW5 0.803 0.803
AW6 0.787 0.787
AW7 0.676 0.676

Awareness of BIM (construction stage)

AW10 0.786 0.825

0.791 0.863 0.615

AW11 0.604 Deleted *
AW12 0.566 Deleted *
AW13 0.686 0.649
AW8 0.769 0.823
AW9 0.796 0.824

Awareness of BIM (operation stage)
A1 0.816 0.816

0.739 0.852 0.661A2 0.914 0.914
A3 0.695 0.694

* Deleted items.

Discriminant validity analysis is important to assess whether each construct has dis-
tinctive phenomena that are not captured by other constructs in the proposed model [107].
This study used Fornell and Larcker [108] principles and the cross-loading criterion to mea-
sure discriminant validity. Table 4 confirms the discriminant validity of the measurement
model according to these principles, which highlighted that all square roots of the AVE, for
all constructs, are greater than the correlation among the latent variables [90,109].

Table 4. Correlation of latent variables and discriminant validity (Fornell–Larcker).

Constructs

Awareness
of BIM

(Construction
Stage)

Awareness
of BIM
(Design
Stage)

Awareness
of BIM

(Operation
Stage)

Construction

Process Digi-
talization

and
Economics

Sustainability
and

Efficiency

Visualization
and

Productivity

Awareness of
BIM

(construction
stage)

0.784

Awareness of
BIM (design

stage)
0.613 0.758

Awareness of
BIM (operation

stage)
0.929 0.812 0.813

Construction 0.491 0.406 0.486 0.819

Process
digitalization

and economics
0.439 0.344 0.477 0.619 0.799

Sustainability
and Efficiency 0.401 0.344 0.412 0.664 0.665 0.777

Visualization
and Productivity 0.26 0.253 0.266 0.506 0.583 0.567 0.84

Notes: Values in bold represent the square root of the AVE.
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Nevertheless, many studies have rejected the Fornell and Larcker [108] criterion of
characteristic discriminatory validity. Consequently, the cross-loading criterion was also
used in this study to assess discriminant validity. This approach confirms that the loading of
indicators (items) of their constructs must be greater than the loading of another construct.
Figures reported in Table 5 verified the above cross-loading principles as the loading on all
indicators of the given construct is greater than the loading on other constructs (by row).

Table 5. Cross-loadings to test the discriminant validity of indicators.

Items

Awareness of
BIM

(Operation
Stage)

Awareness of
BIM

(Construction
Stage)

Awareness of
BIM

(Design Stage)
Construction

Process Digi-
talization

and
Economics

Sustainability
and

Efficiency

Visualization
and

Productivity

A1 0.816 0.619 0.998 0.401 0.337 0.343 0.244
A2 0.914 0.98 0.641 0.49 0.438 0.39 0.256
A3 0.694 0.618 0.298 0.263 0.394 0.257 0.132

AW10 0.731 0.825 0.482 0.459 0.385 0.387 0.206
AW13 0.602 0.649 0.264 0.263 0.245 0.235 0.165
AW8 0.763 0.823 0.526 0.383 0.344 0.239 0.195
AW9 0.805 0.824 0.6 0.401 0.378 0.367 0.244
AW1 0.567 0.405 0.732 0.362 0.342 0.231 0.268
AW2 0.509 0.323 0.759 0.288 0.3 0.286 0.315
AW3 0.628 0.506 0.783 0.286 0.215 0.196 0.158
AW4 0.632 0.472 0.757 0.308 0.298 0.271 0.061
AW5 0.669 0.491 0.803 0.243 0.183 0.217 0.174
AW6 0.659 0.511 0.787 0.31 0.256 0.284 0.205
AW7 0.658 0.57 0.676 0.326 0.182 0.319 0.122
D10 0.299 0.299 0.217 0.808 0.577 0.617 0.416
D11 0.458 0.449 0.414 0.826 0.546 0.652 0.481
D12 0.342 0.401 0.286 0.811 0.355 0.525 0.424
D13 0.517 0.478 0.455 0.868 0.519 0.533 0.364
D14 0.364 0.38 0.279 0.778 0.521 0.368 0.383
D2 0.397 0.319 0.317 0.386 0.822 0.422 0.403
D3 0.433 0.409 0.322 0.494 0.737 0.471 0.539
D4 0.356 0.325 0.255 0.589 0.804 0.529 0.445
D8 0.345 0.348 0.215 0.489 0.828 0.679 0.47
D6 0.303 0.274 0.247 0.352 0.455 0.749 0.419
D7 0.415 0.423 0.264 0.485 0.565 0.77 0.419
D9 0.251 0.244 0.287 0.67 0.524 0.811 0.48
D1 0.164 0.15 0.214 0.301 0.351 0.291 0.756
D5 0.266 0.268 0.219 0.514 0.588 0.603 0.916

4.3. Measurement Model (Second-Order Construct)

As the BIM drivers construct was a latent second-order construct, the significant
influence of all latent first-order constructs (i.e., construction, process digitalization and
economics, sustainability and efficiency and visualization and productivity) were calculated
using the bootstrap method. However, the BIM drivers construct was formative, and
excessive correlations among latent first-order constructs are typically not anticipated.
Additionally, the high correlation between formative items implies collinearity, which is
considered problematic [107]. Consequently, the collinearity between the formative latent
first-order constructs was explored by analysing the value of the Variable Inflation Factor
(VIF). Table 6 shows that all latent first-order constructs have VIF values < 3.5, which
indicates that these constructs independently contribute to the BIM drivers construct.
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Table 6. Test of second-order models using bootstrapping for formative constructs.

Path β SE T Values p Values VIF

Construction→ BIM Drivers 0.471 0.039 12.179 <0.001 2.015
Process digitalization and economics→ BIM Drivers 0.341 0.032 10.765 <0.001 2.174

Sustainability and efficiency→ BIM Drivers 0.224 0.026 8.744 <0.002 2.316
Visualization and productivity→ BIM Drivers 0.136 0.025 5.534 <0.003 1.682

The results in Table 6 and Figure 5 show that four first-order subscales for BIM drivers,
including construction, process digitalization and economics, sustainability and efficiency
and visualization and productivity had a significant standard path coefficient β (outer
weight). Table 4 indicates that the maximum outer loading was observed for construc-
tion (β = 0.471, p < 0.001), followed by process digitalization and economics (β = 0.341,
p < 0.001), sustainability and efficiency (β = 0.224, p < 0.001) and visualization and produc-
tivity (β = 0.136, p < 0.001).
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4.4. Structural Model (Path Analysis)

Having fitted the measurement model, the structural model examination could now
commence. In the structural model, the relationships between variables are rationalised
in detail. This analysis displays the relationship between an exogenous construct and
endogenous constructs [110]. Structural model evaluation is performed mainly according
to the hypothesized parameter evaluations followed by the size, direction and significance
of the variables [110].

For the research hypotheses, SEM was utilized. The influence of BIM drivers on
the awareness of BIM in the three project lifecycle stages (i.e., design, construction and
operation) was examined with PLS-SEM (Figure 5). Consequently, the significance of
the model hypothesis, reliability of the data and, thus, the error of the calculated path
coefficients set was assessed based on the bootstrapping approach [111]. Figure 5 and
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Table 7 illustrate that the impact of BIM drivers on BIM awareness was statistically positive
and significant.

Table 7. List of hypotheses and relative paths for the model.

Path β SE T Value p-Value

BIM Drivers→ Awareness of BIM (construction stage) 0.512 0.071 7.23 <0.001
BIM Drivers→ Awareness of BIM (design stage) 0.426 0.095 4.456 <0.001

BIM Drivers→ Awareness of BIM (operation stage) 0.527 0.079 6.676 <0.001

4.5. The Explanatory Power of the Structural Model (R2)

The value of R2 is the sum of the variation and is demonstrated by the independent
construct (BIM drivers) in the dependent constructs. R2 value improves the predictive
capability of the structural model, i.e., the higher the value, the higher the model strength.
Usually, an R2 value of 0.7 and above is considered excellent, and its value ranges between
−1 and 1 [112]. Furthermore, Ringle, et al. [113] indicated that values between 0.02 and
0.12 are considered weak, 0.13 and 0.25 are moderate, and values above 0.26 are substantial.
In this study, the PLS algorithm concluded that R2 is similar to the conventional regression
and the same rules apply [114]. Table 8 illustrates that the adjusted R2 for the dependent
variable in this model was 0.253 for awareness of BIM in the construction stage, 0.172 for
awareness of BIM in the design stage and 0.269 for awareness of BIM in the operation
stage, which suggested that the exogenous latent variable (BIM drivers) can averagely
explain 23% of BIM awareness on the whole project lifecycle while 77% was a result of
other factors not considered in this study. According to Chin [114], the findings mean that
the size described by BIM drivers is moderate.

Table 8. Results of the explanatory power of the structural model (R2).

Endogenous Latent Variable R Square R Square Adjusted Explained Size

Awareness of BIM (construction stage) 0.262 0.253 Moderate
Awareness of BIM (design stage) 0.181 0.172 Moderate

Awareness of BIM (operation stage) 0.277 0.269 Moderate

4.6. Predictive Relevance of the Structural Model

A vital function of a structural model is its capability to evaluate the model’s predictive
relevance. In this study, the blindfolding protocol was employed to evaluate the cross-
validated redundancy measures for each dependent construct. The findings indicate that
the Q2 values (0.15, 0.091 and 0.17) for awareness of BIM in the three project stages (i.e.,
construction stage, design stage and operation stage) were higher than zero, indicating
that the independent construct (BIM drivers) had predictive significance for the dependent
constructs (Table 9) [115].

Table 9. Results of predictive relevance (Q2).

Endogenous Latent Variable SSO SSE Q2 (=1 − SSE/SSO)

Awareness of BIM (construction stage) 360 305.527 0.151
Awareness of BIM (design stage) 630 572.899 0.091

Awareness of BIM (operation stage) 270 223.763 0.171

5. Discussion

Recent construction enhancement has brought more effective and sustainable ap-
proaches, specialized tools and materials [116]. Building direction in the construction
industry necessitates significant, long-term growth [117]. Enhancing performance through-
out use, on the other hand, is becoming increasingly important. [118]. It is necessary to



Sustainability 2021, 13, 8887 15 of 23

develop strategies for incorporating the concept of sustainable and performance devel-
opment [119,120]. Moreover, BIM implementation can carry out an efficient technique of
attaining building performance. In this study, SEM revealed the relationship between the
constructs (project lifecycle BIM awareness and drivers). All the drivers (construction,
process digitalization and economics, sustainability and efficiency and visualization and
productivity—in order of impact) were considered significant in relation to the implemen-
tation of BIM drivers. This finding illustrates a step-change in the mindset of practitioners
in developing countries who acknowledge the latent value of digitising the construction
process using BIM as an enabling technology. Such a finding confirms earlier studies
such as that by Vass and Gustavsson [121] who asserted that increased digitalization has
revolutionized the industry due to the elimination of potential drawbacks and traditional
practices gradually becoming redundant. Biancardo, et al. [122] also mentioned that BIM
implementation has helped significantly in reducing construction costs and time. BIM
has also been viewed as a decision support tool that helps designers in comparing the
performance of different designs in terms of energy, emissions and cost [123]. Furthermore,
Ibem, et al. [124] agreed that BIM aids effective visualization for client design approval. It
must be acknowledged that BIM is not a sole panacea to construction sector ailments and
is increasingly being absorbed into the wider concept of Industry 4.0 which represents a
broader coalescence of digital technologies [15]. The Internet of Things, artificial intelli-
gence, big-data analytics, sensor-based technologies, etc., are now integrated to provide a
suite of sophisticated project management tools that provide greater insight and knowledge
of the complex modern projects. This aside, the results do illustrate how the developing
country of Nigeria has embraced this digital transition with considerable aplomb and
potentially how indigenous contractors could become more internationally competitive.

Another intriguing finding is that BIM awareness at the operation stage of the project
lifecycle has a high impact on drivers of BIM adoption. This is accompanied by the
construction and design stage. Despite the high impact of BIM awareness at the operation
stage on the drivers, studies have shown that there is a poor level of BIM awareness in
facility management in Nigeria which is a critical aspect of the operation stage [43]. In this
respect, therefore, Nigeria is behind international practice adoption in terms of digitising
facilities management to provide much-needed modernity. Ghaffarianhoseini, et al. [123]
indicated that BIM supports facility managers to help reduce the lifecycle cost of buildings.
Similarly, Wu, et al. [125] indicated that there is a high level of awareness at the design stage
while Olanrewaju, et al. [26] revealed that there is a strong correlation between awareness at
the design and construction stages and a weak correlation between the design and operation
stages. However, the relationship between the construction and operation stages is fairly
strong. This connotes that there is a disconnection between the design and operation stages
in the level of awareness. Reducing BIM implementation obstacles via the recommended
drivers can inspire construction participants to learn more about how BIM can be used.
According to Sidani, et al. [126], there is still a need for key industry actors to grasp how to
manage BIM techniques, recognising opportunities for further development in accessing,
preserving and sharing BIM data. Furthermore, the Internet of Things, artificial intelligence,
big-data analytics, sensor-based technologies and other technologies are now integrated to
provide a suite of advanced project management devices that enable greater insight and
understanding of complex modern projects [127]. These results are in line with the work of
Biancardo, et al. [122] who stated that the implementation of BIM has considerably reduced
construction costs and time, particularly throughout the building phase. Participants also
should consider how BIM use in construction businesses reduces risks. It will explain why
the initial high benefits of the employee and enhancing the building environment are so
high [128].

Overall, the research illustrates that Nigeria is on course to create a smart built en-
vironment within a cyber-physical system in which BIM is an integral part. However,
further research is now needed to take a far more holistic view of other digital innovation
developments in this respect and how transitional challenges (such as cyber threats (Parn
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and Edwards [13])) may be overcome to protect critical assets and infrastructure from ne-
farious hackers and cybercriminals. Such work will help ensure the country’s preparedness
to embrace future innovative developments and capitalise upon these to reap maximum
socio-economic benefits for its citizens.

6. Conclusions

This study used SEM to explore the impact of BIM drivers on usage and awareness
in the project lifecycle which is an aspect that has been neglected by previous researchers.
It was revealed that BIM drivers have a significant impact on BIM awareness across
the project lifecycle. The study is unique because it helps construction researchers and
stakeholders determine the impacts of BIM drivers on BIM awareness across the project
lifecycle which is essential for BIM uptake across the project lifecycle (design, construction
and operation). Particularly, the operation stage was seen to be most impacted by the BIM
of the PL which calls for major action to be implemented by stakeholders to increase BIM
awareness. In addition, the study is the first to develop a quantified model to measure the
impact of BIM drivers on BIM awareness across the project lifecycle which will be useful
for policymakers to develop an appropriate framework for BIM adoption in the AECO
industry. This framework would be useful for stakeholders, such as client consultants
and contractors in adopting BIM in their projects. Furthermore, the proposed framework
generated from this study can, to a large extent, support BIM adoption in other developing
countries where construction projects are executed in the same way [33]. Nevertheless, this
study generates vital managerial implications and empirical contributions to the AECO
industry which are given below:

6.1. Conceptual and Empirical Contributions

The suggested model established a necessity for BIM adoption, particularly in the
developing-country construction industry. Through the suggested model, this study
highlighted the drivers for BIM implementation. These drivers can help overcome the
present obstacles to successfully implement BIM in the Nigerian construction industry.
As a result of this research, the gap between BIM practice and theory will be narrowed.
To the best of our knowledge, no research has been conducted to examine the drivers of
BIM implementation in the Nigerian construction sector by determining its influence on
BIM awareness at various construction stages. Initially, this study empirically analysed
the major BIM drivers that can help in BIM implementation in the construction sector.
This discovery lays the groundwork for future study on the drivers of BIM in developing
countries, notably in the field of construction management. To that aim, the theoretical
elements of this research provide a mathematical framework for identifying the BIM drivers
that may be employed successfully in Nigeria and other developing nations. Using the
unique PLS-SEM, the four components of the BIM drivers in the Nigerian construction
sector were compared. As a result, this study provides a mechanism to assist policymakers
who are interns in incorporating BIM impartially. In addition, a number of conceptual and
empirical contributions were made by the study as follows:

• The study makes a conceptual contribution through the identification and conceptual
definition of additional constructs to be added to the conceptual framework such as
the impact of BIM implementation drivers on BIM usage and awareness across the
project lifecycle.

• The range of construction-based BIM and BIM implementation studies focused primar-
ily on developed countries (UK, USA, Hong Kong and Australia). Consequently, scant
research has been conducted in developing countries and the Nigerian construction
sector on the adoption of BIM. This creates a solid basis for addressing BIM adoption
in improving local construction projects’ reliability and filling the above-mentioned
gap of knowledge.

• The study’s output offers, for the first time, a significant prediction tool (PLS-SEM)
to discuss the impact of BIM drivers on BIM usage and awareness in the project
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lifecycle in the construction industry. As such, this tool could improve the traditional
adoption of BIM in the construction sector, particularly in developing countries. This
contribution is empirical in nature as it is focused on testing a theoretical linkage
between two constructs, namely the BIM implementation drivers and BIM usage and
awareness in the project lifecycle, which have not previously been tested.

• Regarding country context, it is evident that there is an increase in the level of BIM
awareness in the Nigerian construction industry, and this is expected to rise signifi-
cantly within the next few years. This empirical study provides evidence that there
is a vital and positive impact of BIM drivers on BIM awareness across the project
lifecycle. Consequently, this can encourage the Nigerian government and other local
organizations to adopt BIM. Such research will improve BIM adoption in this region.
Therefore, the study makes significant contributions by adding new knowledge in a
previously unexplored context.

6.2. Managerial Implications

The following managerial implications that can be used by construction practitioners
in understanding the impact of BIM implementation drivers on BIM usage and awareness
in the project lifecycle are suggested:

• It provides construction companies with critical drivers that can be leveraged upon
for competitiveness and global market survival via BIM incorporation.

• It assists clients, contractors and consultants in evaluating BIM drivers and BIM
awareness across the project lifecycle which will facilitate effective decision making
during project execution.

• It presents empirical evidence that could be useful to guide Nigerian policymakers
and other developing countries in adopting BIM.

6.3. Limitations and Future Research

Whilst this study contributes to knowledge on the impact of BIM drivers on BIM usage
and awareness in the project lifecycle, it nevertheless has a number of limitations. First, the
study is limited in terms of geographical location. The research instrument (questionnaire)
was only administered to construction professionals in Lagos, Nigeria. Future studies
should seek to further explore other regions to improve the generalization of the study. In
this study, time and resources are limited, and thus it is challenging to carry out a longitu-
dinal analysis that requires data to be obtained at various times as well as chronologically.
Consequently, a cross-sectional study examining a particular situation of BIM at a particular
time was used. Longitudinal study needs to be conducted in future studies to collect data
from several samples to test changes typically in a particular pattern over a long period.
Consequently, the casual inferences between BIM implementation drivers and greater BIM
usage and awareness in the project lifecycle should be examined. In addition, this study
focused on exploring the impact of BIM drivers on BIM usage and awareness in the project
lifecycle using Structural Equation Modelling (SEM) with theoretical conceptualization.
Future studies could use innovation diffusion theory to explain how, over time, a BIM
concept gains momentum and diffuses via a specific stakeholder or organizations in other
developing countries. The prediction analysis used in this study was limited to BIM drivers;
future studies are recommended to predict the impact of BIM barriers on BIM awareness
in the project lifecycle. Lastly, the results from the proposed study may be beneficial to
enhance country improvement through adopting BIM, but it is not a promise to prepare
the country to accept and capitalize on future creative advancements in order to maximise
socioeconomic advantages for its inhabitants. Consequently, the government also plays
a significant role to support the use of BIM in construction projects in the country by
improving the level of laws and guidelines. The study’s findings on BIM implementation
requirements and drivers cannot be executed at the business level in emerging companies,
and its employees cannot be taught in it without top management guidance.
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