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Critical Success Factors for Implementing Building Information Modelling (BIM) and 
Sustainability Practices in Construction Projects: A Delphi Survey 

 

Abstract 

The research study aims to explore and assess the critical success factors (CSFs) that can 

amplify the integration of BIM and sustainability practices in construction projects. Delphi 

survey technique was employed to solicit the perceptions of experts on the 30 identified 

CSFs by means of a two-round Delphi survey. The expert panel’s responses were analyzed 

using descriptive and inferential statistical tools. The key drivers identified in the study are 

related to people-centric as well as data and technology-centric interventions in the built 

environment. Crucial deductions were formed based on a comparative analysis of the 

experts’ groups. The study’s findings have provided valuable lessons for local authorities, 

policy makers, and project stakeholders to strengthen the drive for achieving full adoption of 

green-BIM initiatives. The study has also provided effective recommendations for increasing 

the uptake of BIM and sustainability practices in the construction industry and has 

contributed to the body of knowledge about smart urbanization and hands-on practice in the 

built environment. 

Keywords: Critical success factors; Delphi survey; BIM; construction projects; sustainability; 

sustainable smart city. 
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1. Introduction 

Construction projects are nowadays quite complex involving several and interwoven 

processes and activities (Olatunji et al., 2017b; Olawumi & Ayegun, 2016) which calls for a 

smart and innovative system of technologies to process and manage the different project 

activities. Also, the Brundtland Commission report (WCED, 1987) has drawn the attention of 

the construction sector to implement sustainable construction practices in its activities to 

enhance the environmentally-friendliness of its products (infrastructures, buildings) with the 

ultimate aim of achieving sustainable smart cities. 

Olawumi et al. (2017) regarded Building Information Modelling (BIM) as one of the smart 

technologies available to the construction industry along with radio-frequency identification 

(RFID), augmented reality which can help to facilitate collaboration among project 

stakeholders/ Also, it can serve as links to connect domain knowledge areas such as 

sustainability, facility management, safety, project management, etc. to ensure a one-source 

management of project’s information and processes throughout the construction project’s 

lifecycle stages. Also, Olatunji et al. (2016) highlighted further that the success of these tools 

hinges more on the initiatives of project stakeholders through their decision-making process 

and collaboration in their projects. According to Kovacic et al. (2015), Lee and Yu (2016), 

and Ma et al. (2018), there has been an appreciable increase in BIM adoption in some 

countries’ construction industry. However, despite this progress in BIM adoption (although 

not yet worldwide), there has been little advancement in the implementation of sustainable 

construction practices in infrastructural projects. 

Morlhon et al. (2014) argued nonetheless that the implementation of BIM is complicated due 

to the different standards and protocols involved which has hindered organizations to use 

and handle it actively. However, despite this apparent disadvantage, it permits the additional 

analyses of concepts such as energy performance, clash detection, and other sustainability 

measures (Olawumi et al., 2017). Also, BIM-enabled sustainability analysis tools can assist 

in the simulation of building energy performance and carbon footprints as well as reduce the 

cost and time involved (Ahn et al., 2014). Although, the interoperability issues between BIM 

design and analysis tools is still a prevalent problem in the construction industry (Abanda et 

al., 2015). 

The integration of smart technologies such as BIM to amplify sustainability practices in 

construction projects can help to reduce and/or project the building energy as well as the 

evaluation of the lifecycle assessment in conjunction with rating systems such as LEED, 

BREEAM, etc. (Al-Ghamdi & Bilec, 2015). Sustainability is related to dimensions such as 

social, economic and environmental variables; and the use of technologies can optimize its 
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adoption in any setting (Raut et al., 2018). More so, adopting sustainability strategies can 

lead to innovation which can also help to achieve competitive advantage for participating 

companies and reduce project overall cost (Chofreh & Goni, 2017). The deployment of cloud 

technologies also facilitate collaboration and improved the project governance mechanisms 

(Alreshidi et al., 2016). However, the lack of archival data and access to vital project 

information have steeped the progress and adoption of BIM in the industry (Wong et al., 

2014). A case study analysis of the benefits of BIM in construction project carried out by 

Barlish and Sullivan (2012) showed that BIM is yet to achieve its full potential in the industry 

due to several factors; which include the lack of commitment from project clients. Moreover, 

previous authors (GhaffarianHoseini et al., 2017; Jalaei & Jrade, 2015; Reinhart & Wienold, 

2011) sees smart technologies such as BIM as one of the essential vehicles to drive the 

implementation of sustainability practices. Meanwhile, Olawumi and Chan (2018c) 

developed an assessment template and scoring system to provide a quantitative metrics of 

measuring and comparative evaluation BIM implementation in developing countries Hence, 

this study intends to identify and examine the critical drivers that amplify the use of BIM to 

enhance the implementation of sustainable practices in construction projects. 

Gardas et al. (2018a) and Raut et al. (2017) considered issues related to sustainability in 

any industry as a concept that is best implemented by top hierarchy of organizations, and 

such firms derives the benefits of its contribution to sustainable development in aspects such 

as economic, social, environmental. Guo et al. (2018) and Xue (2018) corroborated it by 

arguing for greater leadership and the institutionalization of a governance arrangement in the 

industry. Gardas et al. (2018b) emphasized the need for a holistic view and balancing of the 

three pillars of sustainability during its implementation process. More so, Jakhar (2017) and 

Kang (2018) regards communication and stakeholder engagement as a crucial variable in 

facilitating sustainable development. 

The current study intends to explore the critical drivers that can enhance the successful 

implementation of both BIM and sustainability practices in construction projects. Although, 

there are some projects which have employed either of the two concepts to varying levels of 

success. However, this study focuses on construction projects in which the clients or project 

team plans to adopt smart technologies such as BIM along with sustainable practices in their 

projects. The benefits of adopting both concepts (BIM and sustainability practices) have 

been highlighted in the literature (Oti et al., 2016; Tah & Abanda, 2011). 

The structure of the paper is organized as follows. Section 1.1 discusses the knowledge 

gaps, research objectives and value the current study intends to offer to both knowledge and 

practice. Section 2 provides a review of the several smart-sustainable construction practices 

in the literature and the drivers for BIM and sustainability practices implementation. Section 3 
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highlights the research methods, statistical tools employed, and hypothesis postulated. 

Section 4 discusses the research findings, section 5 highlights the contribution of the study’s 

findings to knowledge and findings; and section 6 concluding the study and providing areas 

for future studies. 

1.1 Knowledge gap, research objectives and value 

Cugurullo (2017) argued that several models of urbanization of cities are flawed because 

little attempts are made to integrate sustainability into its planning and design. Hence such 

urban development becomes unsustainable in the long-run. A review of case studies by 

previous authors (Caprotti, 2016; Taylor Buck & While, 2017)reveals the disconnect between 

the development of smart cities and the ideals of sustainability. One significant disconnection 

between the two concepts as argued by Cugurullo (2017) is that there is little or no 

innovation but a rather replication of traditional strategies of urbanization. Also, as pointed 

out by extant literature (Chang & Sheppard, 2013; Colding & Barthel, 2017; Datta, 2015) 

they hardly integrate sustainability or fulfill its promises of making it sustainable. 

Conceptually and in practice, it has been seen that the use of smart technologies in 

construction project development to achieve smart city initiatives may not act in concert with 

the ideas of adopting sustainability to achieve eco-city. A good case analysis was 

exemplified by Cugurullo (2017) in the comparison between Hong Kong (a smart city) and 

Masdar City, Abu Dhabi (an eco-city initiative). Given these limitations in knowledge and 

practice, the current study intends to break the ‘aura of singularity’ in the application of these 

concepts to city urbanization by projecting the possibility of sustainable smart cities that 

works on the principles that a smart city can be sustainable and an eco-city can be smart. 

This paper is situated to provide the underlying connection that links the disconnection 

between smart city initiatives and sustainability by inviting expert teams to deduce the key 

drivers that amplify the cohesive implementation of smart technologies such as BIM and 

sustainability practices in construction projects. The three research questions that the 

current study intends to answer are as follows: 

i. What are the key drivers that can amplify the use of smart technologies such as BIM 

to enhance sustainability practices in construction projects? 

ii. How significant are the key drivers to the actualization of smart construction 

processes and the ultimate aim of sustainable smart cities? 

iii. How do the perceptions of the expert panel differ based on their professions and 

regions? 
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The current study argues in favor of sustainable smart cities as against the singularity of 

either the advancement of smart-city or eco-city initiatives. The findings of this study are 

intended to contribute to the existing body of knowledge on urban sustainability and BIM by 

providing the principal actors such as the government, project stakeholders, academics with 

the key drivers that can enhance the cohesive implementation of sustainable smart cities. 

Also, the findings when serves as a policy tool and consultation instruments for government 

agencies and private organizations interested in the ideals of sustainable smart cities. Also, 

the comparison of the perceptions of the expert panel’s members based on their regions will 

indicate the level of adherence to sustainable smart cities ideals in such countries. 

Moreover, the results are expected to strengthen project teams and construction 

organizations in their drive to implement sustainable practices in their projects. 

2. Smart, sustainable construction practices: A desktop review 

In recent years, several infrastructural projects have sprung up in urban cities across the 

world promoting the ideas of sustainable built environment tagged with names such as 

‘smart cities’ or ‘eco-cities’ (Cugurullo, 2017). Also, several approaches have been 

suggested by advocates of sustainable smart cities toward ensuring the execution of 

construction projects with these ideas in mind. However, according to Batty (2012), 

Bettencourt and West (2010), the standards of these advocates of these projects for smart, 

sustainable cities are unclear, undefined, and often chaotic. Hence, making the drive and 

concept of city-making to achieve sustainability impossible. 

Moreover, some cities have demonstrated possibilities in adopting smart technologies in its 

infrastructural development to emerge as smart cities such as Hong Kong (Cugurullo, 2017), 

Milano (Milano Smart City, 2017), Barcelona (Barcelona City Council, 2017) and Vienna  

(Smart City Wien, 2017). Also, a portrayed example of an eco-city is Masdar City envisioned 

as a greenprint for innovative sustainable development and a city for the future (Masdar 

Initiative, 2017). Although, Masdar City is often promoted as the world’s most sustainable 

city (Cugurullo, 2017). However, its failure makes the most use of smart technologies has 

weakened its ability to resolve some issues related to energy, water supply chain 

management and ecological impact of the settlement (Crot, 2013; Cugurullo, 2013). The 

above example of an eco-city (Masdar City) further strengthens the stand of this paper for a 

cohesive implementation of smart technologies (such as BIM) and sustainability practices in 

the construction industry. 

For a smart city such as Hong Kong, Cugurullo (2017) argued that the smart interventions in 

the city are insensitive to the ideals of sustainable development with resulting environmental 

pollution and other urban problems. More so, Hong Kong adopted a project-based approach 
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to smart urbanism rather than a whole system; leading to a fragmented system of different 

entities (Cugurullo, 2017). Hence, it is required for cohesive and strategic planning to 

synergy different fragmented smart projects and also integrates sustainability practices to 

achieve a smart, sustainable city. 

There are some sustainability assessment techniques or building rating systems (such as 

LEED, BREEAM, etc.) that have been developed to evaluate who well a building project 

meet some defined criteria for such infrastructure to be considered green or sustainable. 

Moreover, Sala et al. (2015) highlighted some inadequacy in some of these techniques will 

make them unreliable and inconsistent and much of the issues are linked to the fuzziness of 

the sustainability concept itself. Nevertheless, there have been some application of smart 

technologies and sustainability practices in some projects such as BIM for sustainable 

material decisions (Ahmadian et al., 2017); BIM for sustainable design (Wong & Fan, 2013), 

GIS-based facility management (Kang & Hong, 2015); BIM-based energy analysis (Gourlis & 

Kovacic, 2017). A comprehensive review of the body of literature was examined by Olawumi 

and Chan (2018a). 

Yusof et al. (2016) examined the influence of project’s stakeholders’ behavior on the 

implementation of sustainability practices which reveal a positive correlation between the 

firm’s management practices in respect of energy efficiency and waste and the 

implementation of sustainability ideals during project execution. Since construction projects 

are people-driven, it is expected the project stakeholders are well-informed on the ideals of 

sustainable development. More so, Eurostat (2013) reported that 859 million tons of waste 

were generated from construction activities in the European Union; also, Fuertes et al. 

(2013) regards the construction industry as a significant source of water, noise, and air 

pollution. 

In countries such as China and Malaysia, construction-related activities account for 45-46% 

of the overall energy consumption (MIGHT, 2014; Zhaojian & Yi, 2006); along with about 

30% of solid waste in China (Lu & Tam, 2013); and 30% of greenhouse gas emissions in 

Malaysia (MIGHT, 2014). These case studies reveal the immense potential for the 

construction industry to embrace the ideals of sustainability (Birkeland, 2014) as well as its 

cohesive implementation with smart technologies. Therefore, since the construction activities 

involved several stakeholders such as the clients, architects, project managers, engineers 

among others (Olawumi & Ayegun, 2016); it is necessary for the stakeholders to well 

experienced in the use and implementation of smart tools such as BIM and adhere to the 

ideals of sustainability (Tsai et al., 2014). Table 1 highlights the drivers (CSFs) for the 

cohesive implementation of BIM and sustainability practices in construction projects. 
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[Insert Table 1] 

3. Research Methodology 

The study aims at exploring and prioritizing the critical success factors (CSFs) that amplify 

the integration of BIM initiatives and sustainability practices in construction projects. Towards 

achieving the aim of the study, a Delphi survey technique was adopted which is suitable as a 

primary research approach for studies of cross-disciplines with the objective of establishing 

the subject matters in the fields. Chan and Chan (2012) perceived that it is useful to 

achieved consensus among a group of experts while Hasson et al. (2000) pointed out the 

uniqueness of Delphi approach for studies in interrelated subject matters. Data was collected 

over a two-round of Delphi surveys to establish the CSFs gleaned from the extant literature. 

Olatunji et al. (2017a) stressed the significance of the data collection technique adopted for a 

study as it affects the achievement of the set objectives among others. 

The expert panel consisting of fourteen (14) members from the academics and industrial 

practitioners whose experiences and efforts were solicited to rank the 30 identified CSFs that 

help amplify the integration of BIM and sustainability practices in construction projects. 

Several previous research studies relating to the built environment have utilized the Delphi 

survey technique. Chan and Chan (2012) developed a performance measurement index for 

target cost contracts and Chan et al. (2015) evaluated the critical risk factors for PPP water 

projects. Hyun et al. (2008) assessed the effect of alternative delivery methods on design 

performance of buildings, and Hallowell and Gambatese (2010) conducted a review of the 

application of Delphi technique in construction-related research. More so, statistical tools 

were employed to analyze the data collected after the rounds of Delphi survey. The 

statistical methods used include Cronbach’s alpha reliability testing, mean score ranking, 

Shapiro-Wilk test of normality, Kendall’s concordance test and Chi-square test, inter-rater 

agreement (IRA), Spearman’s rho correlation test and Mann-Whitney analysis. 

3.1 Format of the Delphi technique 

A comprehensive review and content analysis of the extant literature forms the bedrock of 

establishing the CSFs that amplify the integration of BIM initiatives and sustainability 

practices in construction projects. Thirty (30) factors were identified from the literature and 

formed part of the items of the Delphi empirical questionnaire survey as well as soliciting 

specific details about the respondents. The factors were ranked by the respondents on a 5-

point Likert scale: 1 = strongly disagree and 5 = strongly agree. 

Chan et al. (2001) and Yeung et al. (2007) stated that careful identification and selection of 

respondents to form the expert panel is key to a successful and credible outcome of a Delphi 
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technique. Hence, the study adopted a purposive sampling technique to ensure the invited 

experts have derived required experience and abundant knowledge on the subject matters. 

The targeted respondents must fulfill some set of criteria before their invitations, and these 

include: (1) the respondent must have a broad level of experience and leadership in the 

construction industry. (2) the respondent must have utilized BIM and implemented 

sustainability practices in previous or current projects; and (3) the respondent should be well 

acquainted with BIM and sustainability concepts as well as a robust understanding of their 

interrelationships. 

Moreover, Giel and Issa (2016) noted that a 2-3 round of Delphi survey is sufficient to attain 

the required consensus from the expert panel. Hence, this study adopted a two-round Delphi 

survey over a five-month period involving fourteen (14) experts. Hon et al. (2011) noted that 

a Delphi expert panel must consist of a minimum of seven (7) respondents and Turoff (1970) 

caps the size of an expert panel at fifty (50) members. Previous studies such as Arditi and 

Gunaydin (1999) utilized 14 experts; Hyun et al. (2008) used seven (7) experts and 12 

experts were used by Gunhan and Arditi (2005). Meanwhile, to ensure the credibility and 

reliability of the results, regular feedbacks after each round of survey were sent to the 

experts as well as ensured the anonymity of the respondents. 

3.2 Expert panel’s demographics 

The expert panel was constituted of experts from the construction academics and industrial 

practitioners with seven members from each constituency. The respondents are from eight 

different countries or regions, that is, four (4) experts from the United Kingdom, three (3) 

respondents from Hong Kong, two (2) from the United States, and one respondent each 

from South Korea, Sweden, Mainland China, Germany, and Australia. The invited experts 

have a broad level of experience in the construction industry with a sizeable number (9) of 

the experts having more than 11 years of experience in the industry, of which five (5) experts 

have more than 20 years of experience. 

More so, the respondents have used BIM technologies and have implemented sustainability 

practices in previous or current construction projects. Moreover, most of the experts noted 

that they usually adopt BIM initiatives and sustainable construction practices in their projects 

which is a good sign of their depth of knowledge and experience in these two concepts. 

Also, building projects were the prime projects in which the experts usually adopt BIM 

initiatives, and sustainability practices, followed by refurbishment and redevelopment works. 

Meanwhile, as highlighted by the Delphi experts, government agencies and clients are the 

key stakeholders influencing the implementation of BIM and sustainability practices, followed 

closely by the project team members and contractors. Also, the expert panel advocated the 
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implementation of these concepts at the planning stage of a project or latest at the design 

stage to influence project decisions. Moreover, to allow for further comparative analysis of 

the expert panel responses, a ‘West vs. East’ experts comparison was adopted similar to the 

dichotomy used by Chan et al. (2011). The ‘West group’ was constituted of 8 experts from 

countries such as the United Kingdom, Sweden, the United States and Germany and the 

‘East group’ is made up of 6 experts from other countries (i.e., Hong Kong, South Korea, 

Mainland China and Australia). 

4. Discussion of results and analysis of findings 

The study employed a set of descriptive and inferential statistical methods to analyze the 

data collected from the expert panel across the two-round of Delphi surveys and undertake 

comparative analyses among the respondents’ groups. These include: (1) Cronbach’s alpha 

reliability testing; (2) mean score ranking; (3) Shapiro-Wilk test of normality; (4) Kendall’s 

concordance test and Chi-square tests; (5) inter-rater agreement (IRA); (6) Spearman’s rho 

correlation test; and (7) Mann-Whitney analysis. 

4.1 Reliability testing and Normality testing 

Cronbach's alpha (α) reliability test was employed to assess the questionnaire instrument 

and its associated scale to ensure that it measures the right construct and for internal 

consistency (Olatunji et al., 2017a). The α-value ranges from 0 and 1 and a Cronbach's 

alpha value of 0.70 and above is adjudged as sufficient for further analysis (Field, 2009; 

Olatunji et al., 2017a). The α-value for the first round of Delphi survey was 0.824 and α-value 

of 0.808 was recorded in the second round; which is significantly higher than the 0.70 

thresholds. 

Moreover, the Shapiro-Wilk test of normality was conducted to figure out the distribution of 

the data whether there are normally distributed or not. The thirty CSFs have a significance 

level p < 0.05 which implies non-normally distributed datasets; therefore, non-parametric 

statistical methods would be employed for subsequent analyses. 

4.2 Mean Score Ranking of CSFs 

The thirty (30) CSFs were ranked based on their mean scores which aggregate the 

respondents’ responses in each round of Delphi survey. More so, if two or more factors have 

a similar mean score (M), the standard deviation (SD) is employed in the ranking. According 

to Olatunji et al. (2017a), the factor with the smaller SD value is assigned higher rank than 

others, however, if they share similar SD value. The factors will maintain the same ranking. 
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The mean score ranking of the 30 CSFs for the first round of Delphi survey is shown in Table 

2 and that of the second round in Table 3. The mean score for the 30 identified CSFs in the 

first-round ranges from M= 3.57 (SD=1.342) for “C7- availability of financial resources for 

BIM software, licenses, and its regular upgrades” to M= 4.36 (SD= 0.745) for “C21- early 

involvement of project teams” at a variance of 0.79. Meanwhile, for the second round, we 

have a slightly higher variance of 0.93 and a mean range of M= 3.50 (SD=1.286) for “C7- 

availability of financial resources for BIM software, licenses and its regular upgrades” to M= 

4.43 (SD= 0.646) for “C21- early involvement of project teams”. 

Moreover, an analysis of the findings after the second round of Delphi survey revealed that 

the respondents alter their prioritization of some factors with some factors interchanging 

rankings. These factors such as factor c2 to factor c9 (ranked 4th), factor c27 to factor c5 

(ranked 14th), factor c14 to factor c22 (ranked 13th) among others. Meanwhile, some factors 

improved in their ranking after the second round, that is, factor c15 from rank 12 to 11, factor 

c5 from rank 17 to 14, factor c6 from rank 27 to 26; factor c8 from rank 10 to 8, etc. 

However, some factors reduced in their ranking such as factor c2 from rank 4 to 6, factor c4 

from rank 9 to 10, factor c11 from rank 15 to 16, factor c18 from rank 18 to 19 and factor c30 

from rank 26 to 28. 

Some factors, however, retain their ranking after the second round of Delphi survey despite 

changes in their mean score. These include factors c1, c3, c7, c10, c12, c13, c16, c17, c19, 

c20 and c21 among others. More so, one of the primary goals of a Delphi technique is the 

achievement of good consensus among the expert panel after the closure of the Delphi 

rounds. After the second round of Delphi survey, the consensus was achieved by the expert 

groups on the top-five key CSFs that amplify the integration of BIM initiatives and 

sustainability practices in construction projects. The respondents from the West group 

featured all the overall top-five CSFs in their rankings while the industry practitioners 

featured 4 of the top-five key factors, the academics featured three factors and the East 

group featured only one factor. There was also a relative consensus among the expert panel 

on the least important factor. 

4.3 Agreement of respondents within each expert group 

Kendall’s concordance test (W) was used to measure the level of agreement within a 

respondent group, and the consistency of agreement across rounds of Delphi survey (Chan 

& Chan, 2012) and its values range from 0 (perfect disagreement) and 1 (perfect 

agreement). The W’s value of the expert panel improved from 0.110 to 0.114 after the 

second round of Delphi surveys (see Table 2 and 3). 
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Moreover, although Kendall’s coefficient of the expert panel is less than the average value of 

0.5, Zahoor et al. (2017) regarded the value as significant. Gisev et al. (2013) further argued 

that it is difficult to achieve a higher W value with an increase in the size of the respondents. 

Hence, an increase in the W value across the rounds was given more consideration. 

Furthermore, chi-square (X2) tests were employed since the factors being ranked are more 

than seven in number (Hon et al., 2011). The X2 values for the expert panel are shown in 

Table 2 and 3. The chi-square value for the expert panel improved from 44.605 to 46.308 in 

the second round which is higher than its critical chi-square value of 42.557 (for p=0.05) at a 

degree of freedom (df) of 29 from the statistical table. Meanwhile, the significance level is 

slightly significant at p=0.032 (p<0.05). 

[Insert Table 2] 

[Insert Table 3] 

4.4 Significance of the factors and validation of the experts’ agreement via 
IRA analysis 

The critical success factors were prioritized on their significance levels based on the scale 

interpretation given by Li et al. (2013) and also adopted by Zahoor et al. (2017) in their 

Delphi study. The mean score interpretations are “not important” (M < 1.5), “somewhat 

important” (1.51≤ M ≤2.5), “important” (2.51≤ M ≤3.5), “very important” (3.51≤ M ≤4.5) and 

“extremely important” (M ≥4.51). In the first round of Delphi survey, none of the factors was 

graded 3.51 or below. 

More so, all the CSFs factors retained their significance level after the second round of 

Delphi survey except c7- “availability of financial resources for BIM software, licenses, and 

its regular upgrades” which was downgraded by the expert panel from ‘very important’ to 

‘important.’ Overall, the factors can be considered critical to amplifying the integration of BIM 

initiatives and sustainability practices in construction projects. Factors such as c3- “more 

training programs for cross-field specialists in BIM and Sustainability,” c20- “client 

requirement and ownership” and c23- “supportive organizational culture and effective 

leadership” among others (Olawumi & Chan, 2018b) are graded ‘very important’ by the 

expert panel. 

Meanwhile, some factor categories considered as critical areas of focus for construction 

stakeholders to amplify the implementation of BIM and sustainability practices in the 

industry. These include key categories such as category “organization and project-related 

issues” which factors such as c19, c22, and c24; category “industry culture” with factors such 

as c9 and c11. Also, we have category “legal issues” with factors c12 and c14 and category 
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“education, knowledge, and learning” with factor c2 which are regarded as very important 

with the strong consensus reached on these categories. 

Furthermore, the interrater agreement (IRA) statistics (IRA awg(1)) developed by Brown and 

Hauenstein (2005) was used to analyze and validate the respondents’ agreement on each 

factor. A key advantage of the IRA statistics is that it is not dependent on the size of the 

respondents’ group or the measurement scale. The IRA statistics along with the significance 

level was used to assess the level of consensus reached by the respondents at each round 

of Delphi survey for each CSFs (see Table 4). The IRA coding was provided by Lebreton 

and Senter (2008) as follows 0.00 - 0.30 “lack of agreement,” 0.31-0.50 “weak agreement,” 

0.51-0.70 “moderate agreement,” 0.71-0.90 “strong agreement” and 0.91-1.00 “very strong 

agreement.” 

The formula for evaluating the IRA statistics for each CSFs is shown in equation 1, and 

equation 2 and 3 is used to define the mean boundaries, lower and upper limits respectively 

beyond which the IRA statistics might not reflect accurately the strength of the consensus 

reached by the expert panel.  

𝑎𝑎𝑤𝑤𝑤𝑤(1) =  1 −  
(2 ∗ 𝑆𝑆𝑆𝑆2)

{(𝐴𝐴 + 𝐵𝐵)𝑀𝑀− (𝑀𝑀2) − (𝐴𝐴 ∗  𝐵𝐵)} ∗ 𝑛𝑛
𝑛𝑛 − 1

−−−−−− 𝑒𝑒𝑒𝑒𝑛𝑛 (1) 

𝑀𝑀𝑙𝑙𝑙𝑙𝑤𝑤𝑙𝑙𝑙𝑙 =  
𝐵𝐵 (𝑛𝑛 − 1) + 𝐴𝐴

𝑛𝑛
− − −−−−𝑒𝑒𝑒𝑒𝑛𝑛 (2) 

𝑀𝑀𝑢𝑢𝑢𝑢𝑢𝑢𝑙𝑙𝑙𝑙 =  
𝐴𝐴 (𝑛𝑛 − 1) + 𝐵𝐵

𝑛𝑛
− − −−−−𝑒𝑒𝑒𝑒𝑛𝑛 (3) 

Where M= mean value of that factor, A= maximum scale value (i.e. 5), B= minimum scale 

value (i.e. 1), SD= standard deviation, n= sample size of respondents (i.e. 14 in this study). 

The lower mean boundary (Mlower) is 1.29, and the upper mean boundary (Mupper) is 4.71 for 

both rounds of Delphi survey. Moreover, one factor c7- “availability of financial resources for 

BIM software, licenses and its regular upgrades” have a “lack of agreement” after the second 

round of Delphi survey, and the factor was ranked the least important by the expert panel. It 

is consistent with the fact that different organizations have different policy and strategies for 

their software procurement and upgrades, while some firms do regularly upgrade their BIM 

facilities others might do otherwise to save costs. 

Meanwhile, two factors improved significantly in their agreement levels (Table 4) after the 

second round such as c22 from “moderate” to “strong” agreement and c19 from “strong” to 

“very strong” agreement. However, one factor c11 decrease slightly in its agreement level 

from “very strong” to “strong” agreement while the other CSFs factors maintain their 

agreement level after the second round. The findings from the IRA statistics and significance 
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level analysis provide a sound basis to support the strong consensus achieved by the expert 

panel as well as validate the agreement on each factor. 

Hence, the significance level grading, as well as the IRA statistics, was used to rank each 

factor in descending order of their significance level as shown in Table 5. The CSFs’ 

significance levels range from “important” to “very important,” and the IRA statistics range 

from “lack of agreement” to “very strong agreement” based on the findings after the second 

round of Delphi survey. The five (5) most significant CSFs that amplify the integration of BIM 

initiatives and sustainability practices are c19- “number of subcontractors experienced with 

BIM projects”; c2- “greater awareness and experience level within the firm “; c17- “increased 

involvement of project stakeholders in green projects.” Others are c18- “clarity in 

requirements and measures for achieving sustainable projects”; and c26- “interoperability 

and data compatibility.” Hence, when construction stakeholders give adequate consideration 

and priority to these critical issues, it would enhance the possibilities of achieving the goal of 

a sustainable smart city. 

[Insert Table 4] 

[Insert Table 5] 

4.5 Agreement of respondents between the expert groups 

Inferential statistical methods such as the Spearman rank correlation test and Mann-Whitney 

U-test were applied in the comparative analysis of responses from the expert panel groups. 

4.5.1 Spearman rank correlation test 

The level of agreement and concordance between any two expert groups was evaluated 

using the Spearman rank correlation (rs) test (Chan et al., 2010). Its value ranges from -1 

(perfect negative correlation) and +1 (perfect positive correlation) and when the significance 

level is statistically significant (p<0.05), the null hypothesis is rejected. The null hypothesis 

(H0) states that “there is no significant correlation between the two expert groups on the 

rankings of the CSFs.” The findings reveal a weak but positive correlation between the 

academics and the practitioners’ groups at a coefficient of 0.246 and a significance level (p) 

of 0.189. Since the correlation is not significant (p>0.05), hence, we fail to reject the null 

hypothesis. 

Also, the analysis reveals a weak but positive correlation between the ‘West’ and ‘East’ 

groups at a coefficient of 0.290 and a p-value of 0.120. The p-value is not significant since 

there is no sufficient evidence to reject the null hypothesis, we fail to reject the H0. More so, 

the West and East groups shared similar ranking and consensus on two factors (c3 and c24) 
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while the other group (academics and practitioners) does not have consensus ranking on 

any CSFs factor. 

4.5.2 Mann-Whitney U-test 

Mann-Whitney U-test was employed to investigate any significant differences or 

divergencies between the median values of the same CSF between two respondents’ 

groups. When the significance level (p) of the U-test for a factor is less than 0.05 (p<0.05), 

the null hypothesis is rejected. The null hypothesis states that “there are no significant 

differences in the median values of the same factor between the respondents of the two 

expert groups.” Also, a smaller ‘U’ value indicates a considerable divergence in the opinions 

between two expert groups. 

The findings of the Mann-Whitney test between the academics' and practitioners’ groups 

(see Table 6) reveal a significant statistical difference in the median values of two CSFs 

while the other factors were not significant (p>0.05). Hence, there was sufficient evidence to 

reject the null hypothesis for the two factors (c8 and c9). More so, the U-value for the two 

CSFs were smaller in comparison with the other factors; lending further proof of the 

divergence in the opinions of the two expert groups on these two factors. 

Meanwhile, for factor c8- “information and knowledge-sharing within the industry,” the 

median value of the academics group (9.29) is higher than those of the industry practitioners 

(5.71). The results show that the academics perceived the CSFs factor to be more important 

than the practitioners’ group and this is consistent with the findings of Olawumi et al. (2017) 

and Olawumi and Chan (2017) which reveal a broad and wider knowledge sharing and 

research network hub among the academics. Olawumi et al. (2017) further highlighted the 

robust networks among academic researchers across regions and countries which had 

contributed to the substantial contribution to the construction industry through the 

development of tools and standards for BIM and sustainability. However, the somewhat 

fierce competition and rivalry among related construction organizations inhibit the sharing of 

vital information that could enhance their projects. 

Similarly, for factor c9- “effective collaboration and coordination among project participants,” 

the median value of the academics group (9.50) is higher than those of the industry experts 

(5.50); which implies that the academics agreed more on the factor to be of high importance 

compared to the practitioners. These findings correlate with the characteristics of most 

construction firms whereby the project team is disbanded almost immediately after the 

project, and even during such projects, there is little or no collaboration due to inherent 

conflicts and rivalry. However, the scenario is entirely different for the academics group 

which gives proper priority to collaboration in the execution of their research projects and to 
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win a project grant or funding; most funding agencies do emphasize partnership and linkage 

among researchers from different faculties or universities. 

[Insert Table 6] 

The results of Mann-Whitney U-test between the respondents from the West and East 

groups (see Table 7) reveal significant statistical variation in the median values of three (3) 

CSFs while the other factors are not significant (p>0.05). Hence, there was sufficient 

evidence to reject the null hypothesis for the three factors (c9, c12, and c21). More so, the 

U-value for the three CSFs were smaller in comparison with the other factors; lending further 

proof of the divergence in the opinions of the two expert groups on these three factors. Also, 

like the U-test analysis between the academics' and practitioners’ group, there was a 

statistical divergence in the opinion of the West and East groups on factor c9. 

The median value for factor c9- “effective collaboration and coordination among project 

participants” of the West group (9.00) was greater than those of the East group (5.50). The 

findings reveal the experts from the ‘West’ group ranked the factor as more important than 

the experts from the ‘East.’ The result is consistent with the fact that the western countries 

have taken led in the development of BIM and sustainability implementation in the projects 

and have discerned an effective collaboration among project stakeholders as crucial to the 

full and consistent adoption of these concepts in current and future projects.  

Also, for factor c12- “development of an appropriate legal framework for BIM use and 

deployment in projects,” the median value of the respondents of the ‘West’ group (9.00) was 

higher than those of the ‘East’ group (5.50). The result implies that the ‘West’ group perceive 

the factor of high significance to amplifying the integration of BIM initiatives and sustainability 

practices in construction projects than those in the ‘East’ group. In a similar vein, for factor 

c21- “early involvement of project teams,” the median value of the ‘West’ group was greater 

than the ‘East’ group. The findings indicate the experts in the ‘West’ group ranked the factor 

higher than their counterparts in the ‘East’ group. The findings illustrate the significant 

divergence in the opinions of experts from the two distinct regions with different levels of 

development and progress in the implementation and adoption of BIM initiatives and 

sustainability practices in construction projects. 

 

[Insert Table 7] 

5. Contribution to new knowledge and practice 

The study investigated the drivers that can instigate the cohesive implementation of BIM 

initiatives and sustainability practices in construction practices towards achieving sustainable 
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smart cities. Allwinkle and Cruickshank (2011) and Hollands (2008) maintained that for a city 

can lay claims to be smart; it must be based more than its use of smart technologies which 

Ahvenniemi et al. (2017) argued must include the ideals of sustainability. More so, Mora et 

al. (2017) reported on the lack of the knowledge and tools necessary to support the initiative 

of smart, sustainable cities and the discussions on such are few among academia. Hence, 

the evaluation of the thirty (30) critical success drivers that could aid the cohesive 

implementation of BIM and sustainability practices in construction practices is envisaged to 

give a good starting point for discussion for local authorities, policymakers as well as the 

academics. 

The key drivers can be drafted as a consultation tool by government departments in charge 

of city urbanization and construction organization in designing a more robust policy and legal 

instrument to drive the initiative of a smart, sustainable city from a local context perspective. 

Although, some of these key drivers might not be significant in some countries or regions are 

discovered by the comparative analysis among the expert panel; however, there is still a 

disparity in these countries regarding what is obtainable in knowledge (academics) and 

practice. As argued by Cugurullo (2017), some developed cities that claim to be smart cities 

are not sustainable. Hence, there is still a need to bridge the gap in this direction. 

More so, the findings of this study can form the basis of ‘collaborative’ intellectual, scientific 

exchange among the academics, policymakers, project stakeholders, government towards 

having a unified understanding and promoting common currency on ICT-based sustainable 

urbanization. According to Mora et al. (2017), this will help to resolve the current divisions in 

the scientific community on the terms of reference of what constitutes the drive for smart 

urbanization. Meanwhile, from Table 5 which highlighted the significant drivers, it is evident 

that for a sustainable smart city initiative to be achieved in a local region, much had to do 

with the people- stakeholders involved in such projects. For instance, the first three drivers 

are people-centric- such as the stakeholders’ awareness and experience level as well as 

their involvement in green projects. 

The next three key drivers (from Table 5) are data and technology-centric which have drivers 

such as clarity regarding requirement and measures of achieving the required sustainability 

in a project, data exchange and a well-managed database or archive of past projects to 

allow for comparison purposes. Therefore, for the achievement of any sustainable smart 

initiative whether regarding a city or a single infrastructure such a building, there must be a 

proper integration of the knowledge and skills of the stakeholders and their unhindered 

access to relevant data and technology to boost the prospect of sustainable smart 

urbanization. 
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6. Conclusions 

The drive towards the achievement of sustainable smart cities and buildings can be 

strengthened and enhanced when construction organizations and project stakeholders alike 

implement sustainable construction strategies and adoption green-BIM technology. Hence, 

the current study has explored and assessed the critical success factors (CSFs) that amplify 

or enable the integration of BIM and sustainability practices at the design stage of 

construction projects. Content analysis technique was adopted to identify the thirty (30) 

CSFs from extant literature under six categories upon which the developed empirical 

questionnaire survey was based. 

Also, the Delphi survey technique was adopted as the primary research approach which 

involved fourteen experts from eight countries across two-round Delphi surveys. The expert 

panel is distinctly from both the academia and the industry, with seven members each. The 

data from each round of Delphi survey was subjected to various statistical analyses such as 

the Cronbach’s alpha reliability testing, mean score ranking, Shapiro-Wilk test of normality, 

Kendall’s concordance and Chi-square tests, inter-rater agreement (IRA), Spearman’s rho 

correlation test, and Mann-Whitney analysis. An acceptable level of consensus was reached 

by the expert panel after the second round of Delphi survey, and the IRA statistics was used 

to validate the agreement reached by the expert panel on each of the CSFs. Overall, the 

expert panel achieved a considerable improvement in their level of agreement after the 

second round of Delphi survey although some respondents’ groups have a slight but not 

significant decrease.  

More so, the experts altered their rankings of some factors after the first round of Delphi 

survey, although few items retained their rankings, a few reduced in the ranking. The 

significance level and the IRA value of each factor were further adopted to rank the CSFs in 

descending order of significance. The three most significant CSFs that can amplify the 

integration of BIM initiatives and sustainability practices in construction projects include 

“increased number of subcontractors experienced with BIM projects,” “greater awareness 

and experience level within the firm,” and “increased involvement of project stakeholders in 

green projects.” Also, key CSF categories were also identified which include “organization 

and project-related issues,” “industry culture,” “legal issues” and “education, knowledge, 

and learning.” 

Comparative analysis between the academics and the practitioners’ groups reveals 

significant divergences in their perceptions of two factors as earlier discussed. In both 

instances, the academics group rated the factors, “information and knowledge-sharing within 

the industry” and “effective collaboration and coordination among project participants” to be 
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of higher significance than their industry counterparts. Also, there were statistically 

significant differences in the opinions of the experts from the West and East groups on three 

CSFs. Meanwhile, the West group agreed on the three factors “development of an 

appropriate legal framework for BIM use and deployment in projects, “effective collaboration 

and coordination among project participants” and “early involvement of project teams” to be 

of higher importance than the experts from the East group.  The findings are subjected to the 

limitation of the sample size of the expert panel. 

The discussion section focused on how the current research findings contributed to both 

knowledge and practice. Future research studies should envisage to consider a country or 

project-based case study approach to substantiate the identified drivers towards extending 

the scope of the current findings. The study’s findings have given valuable lessons to various 

project stakeholders as well as presented the salient drivers that can amplify the integration 

of BIM initiatives and sustainability practices in construction projects. The study has also 

contributed to the existing body of knowledge in sustainability and BIM research areas in the 

built environment by exploring the key factors and categories as well as the comparative 

analysis of the respondents’ regions. It is expected that the findings of the current study will 

generate stronger impetus to achieve full implementation of green-BIM and sustainable 

smart cities initiatives in the built environment. 
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Table 1: Drivers (CSFs) for BIM and sustainability practices in construction projects 

Code Factors References 

C1 Technical competence of staff Gu and London (2010); Tsai et al. 
(2014) 

C2 Greater awareness and experience level within the firm Chan (2014); Kassem et al. (2012) 
C3 More training programs for cross-field specialists in BIM and 

Sustainability 
Wong and Fan (2013) 

C4 Increased research in the industry and academia Abdirad (2016) 
C5 Government establishment of start-up funding for construction 

firms to kick-start BIM initiatives 
Abubakar et al. (2014) 

C6 Adequate construction cost allocated to BIM Gu and London (2010); Kivits and 
Furneaux (2013) 

C7 Availability of financial resources for BIM software, licenses, 
and its regular upgrades 

Nanajkar and Gao (2014) 

C8 Information and knowledge-sharing within the industry Azhar (2011) 
C9 Effective collaboration and coordination among project 

participants 
Antón and Díaz (2014); Hanna et al. 
(2013) 

C10 Establishment of a model of good practice for BIM and 
sustainability implementation 

Jung and Joo (2011) 

C11 Availability and a well-managed in-house database of 
information on similar projects 

Adamus (2013); Antón and Díaz 
(2014) 

C12 Development of appropriate legal framework for BIM use and 
deployment in projects 

Aibinu and Venkatesh (2014); 
Becerik-gerber and Kensek (2010) 

C13 Security of intellectual property and rights Aibinu and Venkatesh (2014); 
Becerik-gerber and Kensek (2010) 

C14 Shared risks, liability, and rewards among project stakeholders Kivits and Furneaux (2013) 
C15 Establishment of BIM standards, codes, rules, and regulations Chan (2014) 
C16 Appropriate legislation and governmental enforcement & credit 

for innovative performance 
Redmond et al. (2012) 

C17 Increased involvement of project stakeholders in green projects Antón and Díaz (2014); Hope and 
Alwan (2012) 

C18 Clarity in requirements and measures for achieving sustainable 
projects 

Alsayyar and Jrade (2015) 

C19 Number of subcontractors experienced with BIM projects Aibinu and Venkatesh (2014) 
C20 Client requirement and ownership Chan (2014) 
C21 Early involvement of project teams Ahn et al. (2014) 
C22 Client satisfaction level on BIM projects Kassem et al. (2012) 
C23 Supportive organizational culture and effective leadership Ahn et al. (2014); Chan (2014) 
C24 Project complexity (regarding building shape or building 

systems) 
Yeomans et al. (2006) 

C25 Availability and affordability of cloud-based technology Hope and Alwan (2012); Kivits and 
Furneaux (2013) 

C26 Interoperability and data compatibility Adamus (2013); Saxon (2013) 
C27 Standardization & simplicity of BIM and sustainability 

assessment software 
Akinade et al. (2017); Aksamija 
(2012) 

C28 Technical support from software vendors Redmond et al. (2012) 
C29 Availability of BIM and sustainability databases Abolghasemzadeh (2013); Antón 

and Díaz (2014) 
C30 Open-source software development Hope and Alwan (2012) 
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Table 2: First round of Delphi survey- CSFs that amplify the integration of BIM and sustainability practices in construction projects 

Code All Experts Academics Practitioners West East 
Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank 

C1 4.29 .726 3 4.29 .756 11 4.29 .756 2 4.50 .756 2 4.00 .632 13 

C2 4.21 .426 4 4.14 .378 12 4.29 .488 1 4.13 .354 9 4.33 .516 1 

C3 4.29 .611 2 4.29 .488 8 4.29 .756 2 4.38 .518 3 4.17 .753 4 

C4 4.14 .663 9 4.14 .690 13 4.14 .690 5 4.25 .707 7 4.00 .632 13 

C5 3.86 .864 17 3.86 1.069 21 3.86 .690 14 3.88 1.126 15 3.83 .408 19 

C6 3.57 .756 27 3.71 .951 28 3.43 .535 24 3.38 .916 27 3.83 .408 19 

C7 3.57 1.342 30 4.14 1.069 16 3.00 1.414 30 3.25 1.669 30 4.00 .632 13 

C8 4.00 .555 10 4.29 .488 8 3.71 .488 16 4.00 .756 10 4.00 .000 9 

C9 4.21 .579 6 4.57 .535 1 3.86 .378 11 4.25 .707 7 4.17 .408 2 

C10 4.14 .535 8 4.43 .535 3 3.86 .378 11 4.25 .463 5 4.00 .632 13 

C11 3.86 .363 15 3.71 .488 22 4.00 .000 7 3.75 .463 17 4.00 .000 9 

C12 4.21 .426 4 4.43 .535 3 4.00 .000 7 4.38 .518 3 4.00 .000 9 

C13 3.79 .893 21 4.14 .900 15 3.43 .787 25 3.88 1.126 15 3.67 .516 27 

C14 3.93 .616 13 4.29 .488 8 3.57 .535 20 4.00 .756 10 3.83 .408 19 

C15 4.00 .877 12 4.43 .535 3 3.57 .976 22 4.00 1.069 13 4.00 .632 13 

C16 3.79 .802 20 4.14 .690 13 3.43 .787 25 3.75 1.035 22 3.83 .408 19 

C17 3.86 .535 16 3.57 .535 29 4.14 .378 4 3.75 .707 19 4.00 .000 9 

C18 3.79 .579 18 3.71 .756 25 3.86 .378 11 3.75 .707 19 3.83 .408 19 

C19 3.79 .579 18 4.00 .577 17 3.57 .535 20 3.75 .463 17 3.83 .753 25 

C20 3.79 .893 21 4.00 .816 19 3.57 .976 22 4.00 .756 10 3.50 1.049 29 

C21 4.36 .745 1 4.57 .535 1 4.14 .900 6 4.63 .744 1 4.00 .632 13 

C22 4.00 .784 11 4.00 .577 17 4.00 1.000 10 3.88 .835 14 4.17 .753 4 

C23 3.71 .726 24 3.71 .756 25 3.71 .756 17 3.75 .707 19 3.67 .816 28 

C24 3.71 .726 24 3.71 .756 25 3.71 .756 17 3.63 .744 25 3.83 .753 24 

C25 3.57 .756 27 3.71 .488 22 3.43 .976 27 3.63 .518 24 3.50 1.049 29 

C26 4.21 .579 7 4.43 .535 3 4.00 .577 9 4.25 .463 5 4.17 .753 4 

C27 3.93 1.072 14 4.43 .535 3 3.43 1.272 28 3.75 1.282 23 4.17 .753 4 

C28 3.57 1.089 29 3.86 .690 20 3.29 1.380 29 3.38 1.188 28 3.83 .983 26 
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C29 3.79 .975 23 3.71 .488 22 3.86 1.345 15 3.50 1.195 26 4.17 .408 2 

C30 3.64 1.151 26 3.57 .787 30 3.71 1.496 19 3.25 1.165 29 4.17 .983 8 
 

Cronbach’s α reliability 
coefficient 

0.824 0.715 0.863 0.750 0.921 

Number of respondents (n) 14 7 7 8 6 
Kendall’s coefficient of 
concordance (W) 

0.110 0.215 0.188 0.184 0.134 

Calculated χ2 44.605 43.549 38.091 42.792 **23.309 
χ2- Critical value from 
statistical table (p=0.05) 

42.557 42.557 42.557 42.557 42.557 

Degree of freedom (df) 29 29 29 29 29 
Significance level (p) 0.032 0.040 0.120 0.048 **0.762 

Note: **Chi-square not suitable for sample size (n) less than 7
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Table 3: Second round of Delphi survey- CSFs that amplify the integration of BIM and sustainability practices in construction projects 

Code 
All Experts Academics Practitioners West East 

Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank 
C1 4.36 .745 3 4.29 .756 11 4.43 .787 1 4.63 .744 2 4.00 .632 11 

C2 4.21 .426 6 4.14 .378 12 4.29 .488 3 4.13 .354 10 4.33 .516 1 

C3 4.36 .633 2 4.29 .488 7 4.43 .787 1 4.50 .535 3 4.17 .753 3 

C4 4.14 .663 10 4.14 .690 13 4.14 .690 8 4.38 .744 7 3.83 .408 16 

C5 4.00 .877 14 3.86 1.069 21 4.14 .690 8 4.13 1.126 14 3.83 .408 16 

C6 3.64 .745 26 3.71 0.951 29 3.57 .535 25 3.50 0.926 27 3.83 .408 16 

C7 3.50 1.286 30 4.00 1.000 18 3.00 1.414 30 3.25 1.669 30 3.83 0.408 16 

C8 4.14 .535 8 4.43 .535 3 3.86 .378 16 4.25 .707 9 4.00 .000 6 

C9 4.29 .469 4 4.57 .535 1 4.00 .000 10 4.50 .535 3 4.00 .000 6 

C10 4.14 .535 8 4.29 .488 7 4.00 .577 11 4.38 .518 6 3.83 .408 16 

C11 3.93 .475 16 3.71 .488 25 4.14 0.378 5 3.88 .641 18 4.00 0.000 6 

C12 4.29 .469 4 4.43 .535 3 4.14 0.378 5 4.50 .535 3 4.00 0.000 6 

C13 3.86 .864 21 4.14 .900 15 3.57 .787 26 4.00 1.069 16 3.67 .516 27 

C14 4.00 .555 12 4.29 .488 7 3.71 .488 20 4.13 .641 11 3.83 .408 16 

C15 4.07 .829 11 4.43 .535 3 3.71 .951 21 4.13 .991 13 4.00 .632 11 

C16 3.86 .770 20 4.14 .690 13 3.57 .787 26 3.88 .991 22 3.83 .408 16 

C17 3.93 .475 16 3.71 .488 25 4.14 .378 5 3.88 .641 18 4.00 .000 6 

C18 3.86 .663 19 3.71 .756 28 4.00 .577 11 3.88 .835 21 3.83 .408 16 

C19 3.86 .363 18 3.86 .378 19 3.86 .378 16 3.88 .354 17 3.83 .408 16 

C20 3.86 .864 21 4.00 .816 17 3.71 .951 21 4.13 .641 11 3.50 1.049 29 

C21 4.43 .646 1 4.57 .535 1 4.29 .756 4 4.75 .463 1 4.00 .632 11 

C22 4.00 .679 13 4.00 .577 16 4.00 .816 14 4.00 .756 15 4.00 .632 11 

C23 3.79 .699 24 3.71 .756 23 3.86 .690 18 3.88 .641 18 3.67 .816 28 

C24 3.79 .699 24 3.71 .756 23 3.86 .690 18 3.75 .707 25 3.83 .753 25 

C25 3.64 .745 26 3.71 .488 22 3.57 .976 28 3.75 .463 24 3.50 1.049 29 

C26 4.21 .579 7 4.43 .535 3 4.00 .577 11 4.25 .463 8 4.17 .753 3 

C27 4.00 1.038 15 4.29 .488 7 3.71 1.380 23 3.88 1.246 23 4.17 .753 3 

C28 3.64 1.082 28 3.86 .690 20 3.43 1.397 29 3.50 1.195 28 3.83 .983 26 
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C29 3.86 1.027 23 3.71 .488 25 4.00 1.414 15 3.63 1.302 26 4.17 .408 2 

C30 3.64 1.082 28 3.57 .787 30 3.71 1.380 23 3.38 1.188 29 4.00 .894 15 
 

Cronbach’s α reliability 
coefficient 

0.808 0.709 0.850 0.700 0.934 

Number of respondents (n) 14 7 7 8 6 
Kendall’s coefficient of 
concordance (W) 

0.114 0.209 0.173 0.194 0.143 

Calculated χ2 46.308 42.454 35.094 44.963 24.938 
χ2- Critical value from 
statistical table (p=0.05) 

42.557 42.557 42.557 42.557 42.557 

Degree of freedom (df) 29 29 29 29 29 
Significance level (p) 0.022 0.051 0.201 0.030 0.681 
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Table 4: Significance grading & IRA analysis of the factors (CSFs) 

Factor 
coding 

Round 1 Round 2 Round 1 Round 2 
awg(1) 
score 

Agreement 
level 

awg(1) 
score 

Agreement 
level 

Significance 
grade 

Significance 
grade 

C1 0.585 Moderate 0.525 Moderate  V. important V. important 
C2 0.867 Strong 0.867 Strong  V. important V. important 
C3 0.706 Moderate 0.657 Moderate  V. important V. important 
C4 0.699 Moderate  0.699 Moderate  V. important V. important 
C5 0.578 Moderate  0.527 Moderate  V. important V. important 
C6 0.713 Strong  0.714 Strong  V. important V. important 
C7 0.094 Lack 0.186 Lack V. important ↓Important 
C8 0.811 Strong  0.804 Strong  V. important V. important 
C9 0.755 Strong  0.827 Strong  V. important V. important 

C10 0.804 Strong  0.804 Strong  V. important V. important 
C11 0.925 Very strong  0.867 ↓Strong  V. important V. important 
C12 0.867 Strong  0.827 Strong  V. important V. important 
C13 0.565 Moderate  0.578 Moderate  V. important V. important 
C14 0.777 Strong  0.811 Strong  V. important V. important 
C15 0.527 Moderate  0.555 Moderate  V. important V. important 
C16 0.649 Moderate  0.664 Moderate  V. important V. important 
C17 0.838 Strong  0.867 Strong  V. important V. important 
C18 0.817 Strong  0.751 Strong  V. important V. important 
C19 0.817 Strong  0.925 ↑Very strong  V. important V. important 
C20 0.565 Moderate  0.578 Moderate  V. important V. important 
C21 0.525 Moderate  0.607 Moderate  V. important V. important 
C22 0.621 Moderate  0.716 ↑Strong  V. important V. important 
C23 0.721 Strong  0.733 Strong  V. important V. important 
C24 0.721 Strong  0.733 Strong  V. important V. important 
C25 0.713 Strong  0.714 Strong  V. important V. important 
C26 0.755 Strong  0.755 Strong  V. important V. important 
C27 0.324 Weak  0.337 Weak  V. important V. important 
C28 0.404 Weak  0.398 Weak  V. important V. important 
C29 0.481 Weak  0.404 Weak  V. important V. important 
C30 0.318 Weak  0.398 Weak  V. important V. important 

Note: Lack = Lack of agreement; V. important = Very important; ↓- decrease & ↑- increase 
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Table 5: Summary of the significant CSFs in descending order of significance 

Code Factors Ranking Significance Agreement 
level 

C19 Number of subcontractors experienced with BIM projects 1 Very important Very strong 
C2 Greater awareness and experience level within the firm 2 Very important Strong 

C17 Increased involvement of project stakeholders in green projects 3 Very important Strong 
C18 Clarity in requirements and measures for achieving sustainable 

projects 
4 Very important Strong 

C26 Interoperability and data compatibility 5 Very important Strong 
C11 Availability and a well-managed in-house database of 

information on similar projects 
6 Very important Strong 

C9 Effective collaboration and coordination among project 
participants 

7 Very important Strong 

C23 Supportive organizational culture and effective leadership 8 Very important Strong 
C10 Establishment of a model of good practice for BIM and 

sustainability implementation 
9 Very important Strong 

C6 Adequate construction cost allocated to BIM 10 Very important Strong 
C8 Information and knowledge-sharing within the industry 11 Very important Strong 

C12 Development of appropriate legal framework for BIM use and 
deployment in projects 

12 Very important Strong 

C14 Shared risks, liability, and rewards among project stakeholders 13 Very important Strong 
C22 Client satisfaction level on BIM projects 14 Very important Strong 
C24 Project complexity (regarding building shape or building 

systems) 
15 Very important Strong 

C25 Availability and affordability of cloud-based technology 16 Very important Strong 
C21 Early involvement of project teams 17 Very important Moderate 
C3 More training programs for cross-field specialists in BIM and 

Sustainability 
18 Very important Moderate 

C1 Technical competence of staff 19 Very important Moderate 
C4 Increased research in the industry and academia 20 Very important Moderate 
C5 Government establishment of start-up funding for construction 

firms to kick-start BIM initiatives 
21 Very important Moderate 

C13 Security of intellectual property and rights 22 Very important Moderate 
C15 Establishment of BIM standards, codes, rules, and regulations 23 Very important Moderate 
C16 Appropriate legislation and governmental enforcement & credit 

for innovative performance 
24 Very important Moderate 

C20 Client requirement and ownership 25 Very important Moderate 
C27 Standardization & simplicity of BIM and sustainability 

assessment software 
26 Very important Weak 

C28 Technical support from software vendors 27 Very important Weak 
C29 Availability of BIM and sustainability databases 28 Very important Weak 
C30 Open-source software development 29 Very important Weak 
C7 Availability of financial resources for BIM software, licenses, and 

its regular upgrades 
30 Important Lack 
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Table 6: Mann-Whitney U test between the academics and practitioners’ groups on the CSFs of BIM and 
sustainability integration in construction projects 

Code 
Mean Rank Mann-

Whitney 
U 

Z-
value 

p-
value 

Conclusion 
to H0 Academics Practitioners 

C1 7.07 7.93 21.500 -.421 .674 Accept 
C2 7.00 8.00 21.000 -.628 .530 Accept 
C3 6.86 8.14 20.000 -.643 .520 Accept 
C4 7.50 7.50 24.500 .000 1.000 Accept 
C5 7.07 7.93 21.500 -.415 .678 Accept 
C6 8.07 6.93 20.500 -.574 .566 Accept 
C7 9.14 5.86 13.000 -1.632 .103 Accept 
C8 9.29 5.71 12.000 -2.015 .044 Reject 
C9 9.50 5.50 10.500 -2.280 .023 Reject 

C10 8.36 6.64 18.500 -.967 .334 Accept 
C11 6.14 8.86 15.000 -1.693 .091 Accept 
C12 8.50 6.50 17.500 -1.140 .254 Accept 
C13 8.71 6.29 16.000 -1.172 .241 Accept 
C14 9.21 5.79 12.500 -1.927 .054 Accept 
C15 9.07 5.93 13.500 -1.578 .115 Accept 
C16 8.79 6.21 15.500 -1.344 .179 Accept 
C17 6.14 8.86 15.000 -1.693 .091 Accept 
C18 6.64 8.36 18.500 -.862 .389 Accept 
C19 7.50 7.50 24.500 .000 1.000 Accept 
C20 8.00 7.00 21.000 -.482 .630 Accept 
C21 8.21 6.79 19.500 -.714 .475 Accept 
C22 7.50 7.50 24.500 .000 1.000 Accept 
C23 7.07 7.93 21.500 -.421 .674 Accept 
C24 7.07 7.93 21.500 -.421 .674 Accept 
C25 7.79 7.21 22.500 -.287 .774 Accept 
C26 8.79 6.21 15.500 -1.361 .174 Accept 
C27 8.21 6.79 19.500 -.717 .473 Accept 
C28 7.79 7.21 22.500 -.284 .777 Accept 
C29 6.07 8.93 14.500 -1.425 .154 Accept 
C30 6.71 8.29 19.000 -.739 .460 Accept 
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Table 7: Mann-Whitney U test between the West and East respondent groups on the CSFs of BIM and 
sustainability integration in construction projects 

Code Mean Rank Mann-
Whitney U 

Z-
value 

p-
value 

Conclusion 
to H0 West East 

C1 9.06 5.42 11.500 -1.770 .077 Accept 
C2 6.88 8.33 19.000 -.906 .365 Accept 
C3 8.25 6.50 18.000 -.866 .386 Accept 
C4 8.88 5.67 13.000 -1.597 .110 Accept 
C5 8.44 6.25 16.500 -1.049 .294 Accept 
C6 6.75 8.50 18.000 -.870 .385 Accept 
C7 7.31 7.75 22.500 -.215 .830 Accept 
C8 8.25 6.50 18.000 -.977 .329 Accept 
C9 9.00 5.50 12.000 -1.975 .048 Reject 

C10 8.94 5.58 12.500 -1.873 .061 Accept 
C11 7.13 8.00 21.000 -.540 .589 Accept 
C12 9.00 5.50 12.000 -1.975 .048 Reject 
C13 8.38 6.33 17.000 -.975 .330 Accept 
C14 8.25 6.50 18.000 -.974 .330 Accept 
C15 8.06 6.75 19.500 -.652 .514 Accept 
C16 7.81 7.08 21.500 -.377 .706 Accept 
C17 7.13 8.00 21.000 -.540 .589 Accept 
C18 7.50 7.50 24.000 .000 1.000 Accept 
C19 7.63 7.33 23.000 -.212 .832 Accept 
C20 8.63 6.00 15.000 -1.253 .210 Accept 
C21 9.38 5.00 9.000 -2.165 .030 Reject 
C22 7.50 7.50 24.000 .000 1.000 Accept 
C23 8.06 6.75 19.500 -.637 .524 Accept 
C24 7.31 7.75 22.500 -.212 .832 Accept 
C25 8.00 6.83 20.000 -.580 .562 Accept 
C26 7.63 7.33 23.000 -.153 .879 Accept 
C27 7.31 7.75 22.500 -.217 .828 Accept 
C28 6.94 8.25 19.500 -.645 .519 Accept 
C29 6.81 8.42 18.500 -.792 .429 Accept 
C30 6.63 8.67 17.000 -.951 .342 Accept 
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