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ABSTRACT

In recent years, there have been significant calls for a more technologically driven construction sector
which would not meet the expected standards in quality, time and cost but also integrate sustainable
principles in delivering its final products. This research study aims at determining and prioritizing the
key drivers that can enhance the integration of Building Information Modelling (BIM) and sustainable
practices in construction projects. A two-stage Delphi survey technique involving the collection of data
based on the perceptions and experiences of fourteen invited experts from both the academia and the
industry. Statistical analyses such as mean score ranking technique and standard deviation and the
Kendall’s concordance test were applied to the data collated in each round. Altogether, 30 critical success
factors (CSFs) were identified from extant literature, of which early involvement of project teams, more
training programs for cross-field specialists in BIM and Sustainability, and technical competence of
project staff, were ranked as the three most critical factors. Meanwhile, some recommendations were
proffered to the construction project stakeholders including the government. The implementation of these
key drivers would help the construction sector to implement sustainable practices and BIM while
achieving the goal of sustainable urban city.
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INTRODUCTION

The construction industry is a robust and complex environment wherein projects
involving several processes and activities often take place simultaneously and also in
recent years several technology tools and systems have been integrated to improve the
design and construction of projects. Shi et al. (2012) pointed out that the activities and
processes involved in construction projects and in the construction sector have
significant impacts on the ecosystem and to the populace and that the construction
industry is emerging as one of the key advocate of sustainability. More so, it is difficult
to separate sustainable urban planning and the construction industry because they are
closely related (Kocabas 2013; Shi ef al. 2014) and involved the application of modern
technology, software and tools (like BIM) (Olawumi et al. 2017).

Arayici et al. (2011) perceived that the drive behind the introduction and
implementation of Building Information Modelling (BIM) in construction projects was
to provide value for money, sustainable design and adaptable building construction.
Extant literature (Olatunji et al. 2016a, 2016b; Olawumi and Ayegun 2016) described
the construction industry as that which requires collaboration among the project
stakeholders and the coordination of the processes. Arayici et al. (2011) further outlined
the challenges faced in achieving sustainable development.
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BIM is described as a “digital technology” (Abanda ef al. 2015) which could improve
the efficiency of delivering construction projects and also could yield higher return on
investment (Olatunji et al. 2017b). Meanwhile, sustainability is related to the lifecycle
of facilities (Oti and Tizani 2015) and involves assessing the environmental, social and
economic constructs of sustainable development. The concept of sustainability and
sustainable development has its roots in the communique issued in 1987 after the World
Commission on Environment and Development. Goodland (1995) discussed the
concepts of social, economic and environmental sustainability in detail and argued that
for a sustainable development, these three components of sustainability must be
incorporated. However, most studies on sustainability issues have centered around
environmental sustainability (Olawumi ef al. 2017).

Several studies have been conducted to exemplify how BIM was implemented to
enhance sustainability in the built environment. Oti and Tizani (2015) designed a
prototype system linked with a BIM software to appraise steel structures designs for
sustainability criteria. The basis of the model assessment developed by Oti and Tizani
(2015) is to evaluate for the cost, carbon and ecological footprint which are important
sustainability measures. They recommended for project stakeholders to be aware of
sustainable design solutions and alternatives suitable for projects.

More so, a study by Kim et al. (2015) focused on applying a BIM-based decision
support system to facilitate and simulate development trends and scenario for a large
urban development, so as to assist project teams in interpreting and evaluating the
impact of the development on sustainability of the environment. Nevertheless,
according to Gan ef al. (2015) there are still challenges facing the construction industry
in undertaking projects in a responsible and sustainable manner due to what they term
lack of “key drivers of urbanization”.

Hence, this study attempts to identify and prioritize the significant drivers that would
help enhance the integration of BIM and sustainable practices in construction projects
towards the implementation of a sustainable urban development. More so, in achieving
the aim of the study, the perception of project stakeholders was garnered using the
Delphi survey methodology as explained in the next section. The deliverables of this
research such as (i) identifying the drivers (CSFs) of integrating BIM and sustainable
practices; and (ii) prioritizing such factors based on the level of importance, would
serve as an essential source of knowledge and reference by project stakeholders and
buildings owners in their decision-making process and strategies towards integrating
technologies such as BIM and implementing sustainable practices at project sites. The
study also contributes towards enhancing the drive for a sustainable urban development.

RESEARCH METHODOLOGY: DELPHI SURVEY TECHNIQUE

A two-stage Delphi survey was adopted in identifying and prioritizing the critical
success factors (CSFs) of integrating BIM and sustainability practices at the design
stage of construction projects. The Delphi survey technique is regarded as a “systematic
and interactive” research approach to garner opinions and judgment of a panel of
experts (Hallowell and Gambatese 2010; Chan and Chan 2012). Moreover, most
research topics (Yeung et al. 2007, 2009; Chan and Chan 2012; Chan et al. 2015;
Zahoor et al. 2017) that usually embrace this technique are areas that are either of a
multidisciplinary in nature or relatively new concepts (or being carried out in a new
region/country).



The study under consideration falls within both categories. Grisham (2009) further
noted that it is useful for investigating “complex issues” and that it is useful in
unearthing knowledge, however, the experts must be knowledgeable in the field(s) been
considered. Meanwhile, this technique have found acceptance and usage in several
disciplines (Czinkota and Ronkainen 1997; Grisham 2009).

The first stage of the Delphi survey was based on the invitation of 27 BIM and
sustainability experts identified from both the academia and the industry to rank the
CSFs of integrating BIM and sustainable practices at the design stage of construction
projects. The 30 CSFs were determined based on a desktop literature review (see Table
1) and 14 experts out of the 27 invited experts responded to the invitation and
participated in the survey. The summary of results of the first round of survey was then
returned to the 14 experts to review or alter their original ratings to commence the
second stage of the Delphi survey. Each expert was provided with their original rating
for each factor to assist them in the review.

The results from both rounds of Delphi survey were analyzed statistically using the
mean score ranking technique, standard deviation and Kendall’s coefficient of
concordance. Delphi survey being a self-validating technique, it is important for the
researcher to ensure the right selection and composition of the expert panel. More so,
the design of the questions and choice of the expert members is linked to the credibility
a Delphi study (Chan et al. 2001, 2015; Chan and Chan 2012).

Hence, this study’s Delphi panel members were constituted of expert members from
both the industry and the academia with 7 members each using a purposive sampling
technique. Also, for a Delphi panel the minimum size is 7 panel members (Linstone
1978; Mullen 2003; Thangaratinam and Redman 2005). The invited experts are those
who have satisfied at least two of the following criteria: (1) experts with extensive
experience in the construction industry; (2) experts who have participated in
current/recent projects on both BIM and sustainability practices in the AEC industry;
and (3) experts with sound knowledge and understanding of the concepts of BIM and
sustainability practices.

Table 1: CSFs of integrating BIM and sustainability principles at the design stage of construction
projects

Code CSFs of integrating BIM and sustainability principles at the design stage Sources of
of construction projects reference
Cl1 Technical competence of staff 1,2,3,5
2 Greater awareness and experience level within the firm 4,5,6
C3 More training programs for cross-field specialists in BIM and Sustainability 7, 8
C4 Increased research in the industry and academia 7,9
Government establishment of start-up funding for construction firms to kick- 2, 10
Cs o
start BIM initiatives
C6 Adequate construction cost allocated to BIM 9,11
c7 Availability of financial resources for BIM software, licenses and its regular 9, 11
upgrades
C8 Information and knowledge-sharing within the industry 9,12,13
C9 Effective collaboration and coordination among project participants 9,14
C10 Establishment of a model of good practice for BIM and sustainability 13, 15
implementation
Cl1 Availability and a well-managed in-house database of information on similar 14, 16
projects
c12 Development of appropriate legal framework for BIM use and deploymentin 9, 13,17

projects




C13 Security of intellectual property and rights 11,17
Cl4 Shared risks, liability, and rewards among project stakeholders 11,13
C15 Establishment of BIM standards, codes, rules, and regulations 9,13,17,15

Appropriate legislation and governmental enforcement & credit for 18,17,9,13

cl6 innovative performance

C17 Increased involvement of project stakeholders in green projects 7,14, 8
C18 Clarity in requirements and measures for achieving sustainable projects 14,16
C19 Number of subcontractors experienced with BIM projects 14,5, 11
20 Client requirement and ownership 5,9

21 Early involvement of project teams 14,1, 19
22 Client satisfaction level on BIM projects 14,4, 1
23 Supportive organizational culture and effective leadership 6, 20
24 Project complexity (regarding building shape or building systems) 3,9,21
C25 Availability and affordability of cloud-based technology 8,9,21
26 Interoperability and data compatibility 8,9,11
27 Standardization & simplicity of BIM and sustainability assessment software 22, 23
C28 Technical support from software vendors 17,7, 14
C29 Availability of BIM and sustainability databases 16, 14, 23,22
C30 Open-source software development 8,17

Notes: Digits in the ‘sources of reference’ column are references from the review of extant literature.

1= Gu and London (2010); 2 = Abubakar et al. (2014); 3 = Yeomans et al. (2006); 4 = Kassem et al. (2012);
5 =Kassem et al. (2012); 6 = Saxon (2013); 7 = Wong and Fan (2013); 8 = Hope and Alwan (2012); 9 =
Aibinu and Venkatesh (2014); 10 = Bin Zakaria ez al. (2013); 11 = Kivits and Furneaux (2013); 12 = Wong
etal (2014); 13 = Azhar (2011); 14 = Anton and Diaz (2014); 15 = Lu et al. (2014); 16 = Adamus (2013);
17 = Redmond et al. (2012); 18 = Akanmu et al. (2015); 19 = Prins and Owen (2010); 20 = Boktor et al.
(2014); 21 = Akinade et al. (2017); 22 = Aksamija (2012); 23 = Ahn ef al. (2014)

DATA ANALYSIS AND RESULTS

This section discusses the analyses and findings of the data collected during the two-
stage Delphi survey.

Reliability testing

The Cronbach’s alpha (o) reliability test was used to test the reliability of the
questionnaire and its associated Likert scale of measurement to ensure that they are
measuring the required parameters (Olatunji et al. 2017a). A Cronbach’s alpha
reliability value of 0.70 and above is generally acceptable (Field 2009). The a-value for
the first stage of the Delphi survey was 0.824 while the a-value of the second round of
the Delphi survey was 0.808. This result is consistent and higher than the 0.70
threshold, hence it indicates a good internal consistency and reliability of measures.

Profile of the expert panel members

The fourteen panel members that accepted the invitation to participate in the Delphi
survey consists of practitioners from both the academic and the industry. More so, there
is a diversity in the countries of which the panel members reside, with four (4) of the
experts from the United Kingdom, Hong Kong (3), the United States (2) and one (1)
member each from South Korea, Mainland China, Australia, Germany and Sweden. It



is important to note that BIM and sustainability adoption and implementation is quite
high in some of these countries.

Moreover, more than two-third of the panel members have more than 11 years’
experience working in the construction industry with sound knowledge of the concept
and implementation of BIM or sustainability. Meanwhile, a sizable number of the
experts have sound knowledge of both aspects. The knowledge and expertise of the
expert panel members have enhanced the credibility of the data collected.

Ranking based on mean score

The 30 critical success factors were ranked based on their mean scores (MS) and
standard deviations (SD) according to the data collated from the study’s Delphi expert
panel (Table 2). More so, extant literature (Lu et al. 2008; Olatunji et al. 2017a) regards
factors with a mean score of 4 and above on a 5-point Likert scale as significant and
important. Meanwhile, in cases where two or more items have the same MS, items with
smaller SD are ranked higher, however, if they have the same MS and SD, they will be
assigned the same rank (Olatunji ef al. 2017a).

At the second stage of the Delphi survey, some members of the study’s expert panel
reviewed their original rating on some of the factors resulting in their different mean
scores and item ranking for such factors (see Table 2). For example, factor ‘C2’ reduced
in ranking from 4" to 6" ranked factor, likewise for factor ‘C4’ from 9" to 10", factor
‘C22° from 11" to 13™ and factor ‘C30’ from 26" to 28" ranked item. However, factor
‘C9’ increased in its mean score and item rankings from 4.21 (6') to 4.29 (4™) after the
second round of Delphi survey. Meanwhile, some factors retained their mean ranking
after the second round of the Delphi survey although their mean scores increased (or
decreased). Factors such as factor ‘C1° maintained the 3™ mean rank although the mean
score changes from MS=4.29 to MS=4.36, likewise, for factor ‘C3’ retained the 2™
mean rank and factor ‘C21° retained the 1% mean rank. Meanwhile, although factor ‘C7’
maintained its 30" mean rank after the second round of Delphi survey, its mean score
reduces from MS=3.57 to MS=3.50 (see Table 2).

In total, there are 15 factors with a mean score, MS > 4.00, however, all of the factors
can be considered imperative for implementation by construction industry stakeholders
as the factor with the lowest mean score “C7- Availability of financial resources for
BIM software, licenses and its regular upgrades” has a MS=3.50 which is above the
average mean score of 3.00. Noteworthy, that the top-four rated factors retained their
mean rank after the second round of Delphi survey although there were increases in
their mean scores. These factors are factor ‘C21° ranked 1* and increased in mean score
from MS= 4.36 to MS= 4.43, likewise, factor ‘C3’ ranked 2™, factor ‘C1’ ranked 3™
and factor ‘C12’ ranked 4™ from MS=4.21 to MS=4.29.

Kendall’s coefficient of concordance (W)

The Kendall’s coefficient of concordance was used to measure the consistency in the
level of agreement among the experts across the two-stage of the Delphi survey (Chan
and Chan 2012). The value of W ranges from 0 (perfect disagreement) to 1 (perfect
agreement) and the value of W is to be considered with the p-value. The value of W for
this study’s Delphi survey increased slightly from W=0.110, p<0.05 (first round) to
W=0.114, p<0.05 after the second stage of the Delphi survey. It can be concluded that
there is a moderate level of consensus on the factors ranked by the experts.



Table 2: Mean score ranking for Round 1 and Round 2 from the expert panel

All Experts (Round 1) All Experts (Round 2)
Factors
Mean SD Rank Mean SD Rank
Cl1 4.29 726 3 4.36 745 3
C2 4.21 426 4 4.21 426 6
C3 4.29 611 2 4.36 .633 2
C4 4.14 .663 9 4.14 .663 10
Cs 3.86 .864 17 4.00 877 14
C6 3.57 756 27 3.64 745 26
C7 3.57 1.342 30 3.50 1.286 30
C8 4.00 .555 10 4.14 .535 8
C9 4.21 .579 6 4.29 469 4
C10 4.14 .535 8 4.14 .535 8
Cll1 3.86 .363 15 3.93 475 16
Cl12 4.21 426 4 4.29 469 4
C13 3.79 .893 21 3.86 .864 21
Cl4 3.93 .616 13 4.00 555 12
C15 4.00 .877 12 4.07 .829 11
Cl6 3.79 .802 20 3.86 170 20
C17 3.86 .535 16 3.93 475 16
C18 3.79 .579 18 3.86 .663 19
C19 3.79 .579 18 3.86 363 18
C20 3.79 .893 21 3.86 .864 21
C21 4.36 745 1 4.43 .646 1
C22 4.00 784 11 4.00 .679 13
C23 3.71 726 24 3.79 .699 24
C24 3.71 726 24 3.79 .699 24
C25 3.57 156 27 3.64 745 26
C26 4.21 579 7 4.21 579 7
C27 3.93 1.072 14 4.00 1.038 15
C28 3.57 1.089 29 3.64 1.082 28
C29 3.79 0.975 23 3.86 1.027 23
C30 3.64 1.151 26 3.64 1.082 28

CONCLUSIONS AND RECOMMENDATIONS

The need for the adoption and implementation of BIM technologies has been
emphasized in numerous academic literature, workshops and symposiums, likewise,
the need for a sustainable urban development through the implementation of sustainable
practices in the built environment. This study identified through desktop literature
reviews, thirty (30) critical success factors can amplify the integration of BIM and
sustainable practices in construction projects. More so, a list of these 30 drivers were
dispatched to fourteen experts to rank the factors based on their perceived levels of
importance using a two-stage Delphi survey technique.

The expert panel identified factor ‘C21° — “Early involvement of project teams”, factor
‘C3’ — “More training programs for cross-field specialists in BIM and Sustainability”
and factor ‘C1° — “Technical competence of staff” as the most critical drivers that could
enhance the integration of both BIM and implementing sustainable practices in
construction projects. The involvement of project teams and critical project
stakeholders at the preliminary stage of every project would ensure that a more
objective decision-making that could enhance the success of such projects and help in
making sensible choices among alternative sustainable designs. More so, an increase in
project stakeholders with knowledge and experience in both concepts of BIM and
sustainability can enhance its implementation in a project. Meanwhile, the higher the



capacity and ability of the project staff in handling the BIM software and its processes
and their understanding of the various sustainable measures and indicators to assess in
a project would increase the effectiveness of its implementation.

Hence, it is recommended that project stakeholders, notably, consultants and contactors
keep track of the extensive list of key drivers that could enhance the implementation of
BIM and sustainable practices in their projects and advise their clients on their benefits
and significance. More so, there is a pressing need for more training and education in
these two vital concepts relevant to the construction industry, hence, there is an urgent
need for professional bodies, educational institutions and even government departments
to organize regular training workshops, symposiums and seminars to keep their staff
and workers abreast of the latest development in these two areas of concern and equip
them with requisite professional skills necessary to manage the processes on
construction sites.
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