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ABSTRACT  

Built environment encounters substantial risk and challenges in its evolution towards 

sustainable development. International businesses and multinational engineering 

organisations face global connectivity challenges between business units, especially 

during the outbreak of novel coronavirus pandemic (COVID-19), which has 

profoundly disrupted the construction industry throughout the world. That raises the 

need to manage global connectivity as a main strategic goal of multinational 

organisations. Therefore, the research aim is to develop strategic frameworks for 

managing risk, challenges, and integration of lean construction (LC) and integrated 

project delivery (IPD) on construction megaprojects (CMPs) towards the global 

integrated delivery (GID) transformative initiatives and corporate governance in 

multinational organisations. The scope of the study mainly focuses on CMPs and 

multinational architecture, engineering and construction (AEC) organisations. 

The following research objectives (ROs) was set out in fulfilling the study’s aim: (1) 

To appraise influence of partnering agreements associated with BIM adoption on 

stakeholder’s behaviour. (2) To critically assess critical success factors (CSFs) for 

adoption BIM and LC practices. (3) To critically assess barriers to integrating BIM 

and LC practices. (4) To critically analyse and develop frameworks for the 

interactions between BIM and LC. (5) To critically appraise barriers to integrating LC 

and IPD towards the GID global initiatives. (6) To develop a competency framework 

that integrate LC and IPD, and critically appraise key drivers (KDs) to integrating LC 

and IPD towards FOW global initiatives. (7) To develop frameworks for managing 

risk and challenges of integrating LC and IPD towards the GID transformative 

initiatives and corporate governance. 

Research objectives were achieved via adoption of ‘mixed research methods’ 



vi  

involving a two-stage quantitative and qualitative research approach. This included 

the adoption of an in-depth review of extant literature, pilot studies, Delphi surveys, 

questionnaires surveys, semi-structured interviews and focus group techniques, and 

the use of several statistical analysis tools such as descriptive and inferential statistics 

and structural equation modelling (SEM). The qualitative research methodology 

consists of a literature review to assess challenges to integrate LeanIPD&GID on 

CMPs. In addition, there is an assessment of conceptualisation of LeanIPD&GID and 

GID strategy placements, development of LeanIPD&GID integration framework, and 

future of work (FOW) global initiatives with multiple validations. The thesis is 

presented in manuscript format. The analysis involved semi-structured interviews and 

focus group techniques. Stage two consisted of questionnaire survey that shaped the 

foundation of analysis and findings of 190 respondents from 23 countries with an 

extensive cosmopolitan experience of megaprojects in construction. The survey 

examined a set of 20 challenges to integrate LeanIPD&GID on CMPs resulting from a 

detailed analysis of extant literature after validation. Descriptive and inferential 

statistical tests were exploited for data analysis and percentage score analysis. 

The research findings involved conceptualisation of LeanIPD&GID principles, 

proposed GID strategy placements, frameworks for managing challenges of 

LeanIPD&GID transformative initiatives and corporate governance, FOW global 

initiatives and key performance indicators (KPIs). It concluded that the most 

significant challenges to integrate of LeanIPD&GID on CMPs are ‘lack of 

governmental incentives, policies, regulations or legal frameworks,’ ‘lack of client’s 

awareness and IPD experience amongst key stakeholders,’ ‘lack of organisation’s 

senior-management and client’s commitment to IPD approaches,’ ‘resistance of 

industry to change from traditional procurement to IPD,’ and ‘lack of integrated 
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synergies between LC, IPD working towards LeanIPD&GID.’ Awareness of building 

BIM in the MENA region is higher than LC, and LC awareness is higher than IPD 

knowledge. While BIM adoption in the MENA region is higher than LC, LC is still 

taking its first steps, and IPD has little implementation. LeanBIM is slightly 

integrated, while LeanIPD integration is almost not present. 

The research findings, conclusions and recommendations provide proposed 

frameworks for implementation, KPIs, and GID strategy placements for 

LeanIPD&GID transformative initiatives and corporate governance to integrate 

LeanIPD&GID on CMPs and FOW global initiatives. This will allow project key 

stakeholders to place emphasis on managing LeanIPD&GID challenges identified in 

this research and commence GID strategies. The study has provided effective 

practical strategies for enhancing integration of LeanIPD&GID transformative 

initiatives on CMPs and corporate governance. 
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obtain benefits not available from managing them 
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1. CHAPTER 1: INTRODUCTION1 

 
1.1 Chapter Overview 

This chapter presents and discusses the background of the research, states the 

scope of the study and the research problem that give rise to each of the research 

objectives, states the research aim and objectives. It also illustrates the various 

research approaches adopted and the contribution of the study. Also, this chapter 

presents the structure of the thesis to ease navigation through the chapters. 

 
1 This chapter is derived and edited from: 
Evans, M., and Farrell, P., 2022. A strategic framework managing challenges of 

integrating lean construction and integrated project delivery on construction 
megaprojects, towards global integrated delivery transformative initiatives in 
multinational organisations. Journal of Engineering, Design and Technology, 
Vol. ahead-of-print No. ahead-of-print. 

Evans, M., Farrell, P., Elbeltagi, E. and Dion, H., 2021d. Competency framework to 
integrate lean construction and integrated project delivery on construction 
megaprojects: towards a future of work global initiatives in multinational 
engineering organisations. Benchmarking: An International Journal, Vol. 29 
No. 6, pp. 1913-1956. https://doi.org/10.1108/BIJ-02-2021-0066  

Evans, M., Farrell, P., Elbeltagi, E., Dion, H. 2021c. Barriers to integrating lean 
construction and integrated project delivery (IPD) on construction mega-
projects towards the global integrated delivery (GID) in multinational 
organisations: Lean IPD&GID transformative initiatives. Journal of 
Engineering, Design and Technology, Vol. ahead-of-print No. ahead-of-print. 
https://doi.org/10.1108/JEDT-02-2021-0070  

Evans, M., Farrell, P., Mashali, A. and Zewein, W. 2021b. Analysis framework for the 
interactions between building information modelling (BIM) and lean 
construction on construction mega-projects. Journal of Engineering, Design and 
Technology, Vol. 19 No. 6, pp. 1451-1471. https://doi.org/10.1108/JEDT-08-
2020-0328    

Evans, M. and Farrell, P., 2021. Barriers to integrating building information modelling 
(BIM) and lean construction practices on construction mega-projects: a Delphi 
study. Benchmarking: An International Journal, Vol. 28 No. 2, pp. 652-669.  
https://doi.org/10.1108/BIJ-04-2020-0169 

Evans, M., Farrell, P., Mashali, A. and Zewein W., 2021a. Critical success factors for 
adopting Building Information Modelling (BIM) and lean construction practices 
on construction mega-projects: a Delphi survey. Journal of Engineering, Design 
and Technology, Vol. 19 No. 2, pp. 537-556. https://doi.org/10.1108/JEDT-04-
2020-0146  

Evans, M., Farrell, P., Elbeltagi, E., Mashali, A. and Elhendawi, A., 2020b. Influence of 
Partnering Agreements Associated with BIM Adoption on Stakeholder's 
Behaviour in Construction Mega-Projects. International Journal of BIM and 
Engineering Science, 3(1), pp. 1-20. 

Evans, M., Farrell, P. and Mashali, A., 2020a. Influence of partnering on stakeholder's 
behaviour in construction mega-projects. The Journal of Modern Project 
Management, 8(1), pp. 116-137. 
https://journalmodernpm.com/index.php/jmpm/article/view/570  

https://doi.org/10.1108/BIJ-02-2021-0066
https://doi.org/10.1108/JEDT-02-2021-0070
https://doi.org/10.1108/JEDT-08-2020-0328
https://doi.org/10.1108/JEDT-08-2020-0328
https://doi.org/10.1108/BIJ-04-2020-0169
https://doi.org/10.1108/JEDT-04-2020-0146
https://doi.org/10.1108/JEDT-04-2020-0146
https://journalmodernpm.com/index.php/jmpm/article/view/570
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This research critically appraises the challenges of integrating lean 

construction (LC) and integrated project delivery (IPD) on construction megaprojects 

(CMPs) towards global integrated delivery (GID) and corporate governance in 

multinational architecture, engineering, and construction (AEC) organisations. It 

offers an insight to LC practices, IPD, and GID transformative initiatives and its 

effect on the overall success of CMPs. The study is tested within the context of CMPs 

of multinational AEC organisations. To achieve the aim of the study, potential 

variables, factors and attributes such as critical success factors, barriers and challenges 

are compiled from the literature, grouped and examined using various quantitative, 

qualitative analysis techniques such as Delphi survey, semi-structured interviews, and 

general questionnaire survey. The research problem is articulated in this chapter 

through examination of the current issues by discussing the study aim, objectives, 

context, contribution, and implications. Alongside this brief synopsis, an in-depth 

analysis of the research problem is provided to justify the study focus to demonstrate 

why the study findings will bridge a gap in current research and provide an original 

contribution to the body of knowledge. 

1.2 Manuscript-based thesis format 

Manuscript-based, article-based, or paper-based thesis terms are used widely 

in Canadian and UK universities to refer to alternatives to traditional or standard or 

monograph-style format theses. According to McGill University (2021) manuscript-

based theses are “an alternative to the traditional format, a thesis may be presented as 

a collection of scholarly papers of which the student is the first author or co-first 

author.” The manuscript-based thesis format is accepted by many universities in 

Canada such as University of Calgary (2019), McGill University (2021), University 

of Saskatchewan (2021), Concordia University (2021), University of Ottawa (2021) 
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University of Waterloo (2021), University of Alberta (2021) and universities in the 

UK such as The University of Sheffield (2021), University of Reading (2021), and 

University of Bath (2016).  According to McGill University (2021) a manuscript-

based doctoral thesis must: - 

• Include the text of a minimum of two manuscripts published, submitted or to 

be submitted for publication; 

• In the case of multiple-authored articles, the student must be the first author; 

• Be presented with a uniform font size, line spacing and margin size; 

• Contain additional text connects the manuscript in a logical progression from 

one chapter to the next producing a cohesive, unitary focus and documenting a 

single program of research; and  

• Stand as integrated whole. 

According to University of Calgary (2019) “it is common practice in many 

disciplines that students publish the results of their research as manuscripts in journals 

or conference proceedings during the course of their thesis studies,” and defined 

manuscript-based thesis as “as an alternative to the traditional thesis format, the thesis 

can consist of a collection of papers of which the student is the first author. These 

papers must have a cohesive, unitary character making them a report of a single 

program of research.” University of Calgary (2019) applied the following conditions: 

- 

• Manuscripts must be current and completed for the thesis project; 

• The student must be first author of each of the manuscripts;  

• Manuscripts may include protocol manuscripts, systematic reviews, 

methodology manuscripts, or data-based (meaning data have been collected 

from human, animal or other sources (e.g., historical archives) manuscripts; 
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and 

• PhD degree - a minimum of 3 manuscripts (at least 1 submitted for publication 

and at least 2 deemed ready for journal submission according to the supervisor 

and supervisory committee; at least 1 must be data-based). 

This thesis is presented as a manuscript-based thesis due to several benefits 

identified by institutions such as University of Calgary (2019), University of Ottawa 

(2021), University of Bath (2016), University of Reading (2021): - 

• Gaining publishing experience; 

• Potentially increasing research efficiency; 

• The research is written up as the PhD proceeds, reducing the need for a long 

period of writing up at the end of the programme; 

• Potentially leading to more practical and useable results;  

• Allowing greater depth, breadth and comprehensiveness, and 

• Opportunities for real life learning (manuscript preparation, submission 

process, peer review, etc.); 

• Students get more opportunity to improve their writing skills throughout their 

programme; 

• Students graduate with published papers on their CV, adding to their 

competitive advantage in the job market; 

• The external examiner is presented with work, much of which has already 

been peer reviewed as being above a certain quality standard. 

According to McGill University (2021) any manuscripts that are under review, 

accepted or published in  journals must be included in the manuscript-based thesis 

without changes (i.e. identical to the published or submitted versions). The only 

change is with respect to the font/size which should be the same as the one used for 
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the rest of the thesis for consistency and homogeneity reasons. So each chapter 

represents a full manuscript and has its own reference list. Then at the end of the 

thesis, there is a master reference list which includes all the other references cited 

throughout the other sections of the thesis, mostly within the general introduction but 

also from the general discussion. Depending on the feedback of examiners and/or the 

oral defence committee, students may be required to make revisions to the thesis 

before final submission. The committee’s comments must be addressed in the 

connecting text between chapters and/or the discussion section. Students must not 

make any changes to the manuscripts themselves in the final thesis (McGill 

University, 2021). 

Format suggested for manuscript-based thesis indicated in guidelines of 

University of Ottawa (2021), University of Waterloo (20210, University of Bath 

(2016), and University of Reading (2021) as:-  

• Title page; 

• Acknowledgements; 

• Abstract; 

• Table of content, list of figures, list of tables, and list of abbreviations;  

• An introduction, An Introduction, which clearly states the rationale and the 

objectives of the study as well as how the different parts of the thesis will be 

presented; 

• Statement of the problem, the literature review and the methodology, in a 

more elaborate version than in the articles; 

• A conclusion, which includes a global summary, a discussion of the completed 

work and an integration of the results presented in the different articles; 

• Bibliography, if appropriate; and 
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• Appendices, which may contain pertinent data not included in the previous 

chapters, such as tables, details about the methodology, the ethics approval, 

letters of permission, etc. 

Based on the above this thesis adopted manuscript-based format, according to 

proposed guidelines of well-reputed universities in Canada and the UK. Further 

details about the published manuscripts formed the bedrock of this thesis is listed in 

previous heading ‘LIST OF RESEARCH PUBLICATIONS’. The following details 

the content of introduction chapter of this thesis. 

1.3 Review of theory and the literature  

The AEC industry encounters substantial risk and challenges in its evolution 

towards sustainable development (Evans et al., 2021c). International businesses, 

multinational AEC organisations (including enterprises and corporations), technical 

professional, architecture, engineering, construction, project and portfolio 

management organisations face global connectivity challenges between business 

units, especially during the outbreak of the novel coronavirus pandemic 2019 

(COVID-19) which has profoundly disrupted construction industry activity 

throughout the world in the management of CMPs. This raises the need to manage 

global connectivity as a main strategic goal of global organisations. This research 

introduces GID as a transformative initiative in contemporary organisations. In the 

following sections, research will define, redefine, and conceptualise concepts 

introduced from an integrative perspective. The research investigates challenges to 

integrating LC practices through IPD principles on CMPs, known as LeanIPD, and 

leading towards GID transformative initiatives and corporate governance in 

contemporary multinational organisations, called LeanIPD&GID. The research also 

investigates integration between LC practices and BIM functionalities, LeanBIM, as a 
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part of holistic IPD integration processes, LeanIPD, on CMPs at project and portfolio 

level, and integration of LeanIPD principles and GID initiatives at organisational 

levels. Accordingly, the research conceptualises integration principles of LeanBIM, 

LeanIPD, and LeanIPD&GID. 

The delivery method adopted on construction projects impacts upon 

distribution of risk and responsibilities among different project stakeholders, timing of 

their engagement and nature of their relationships (Hamzeh et al., 2019). A variety of 

project delivery methods have been employed in the construction industry, the most 

popular being the ‘traditional’ design-bid build (DBB) method. Researchers often 

attribute poor performance to lack of integration within project delivery systems, 

referred to as ‘segmental’ project design and delivery, which manifests in a lack of 

coordination and collaboration, poor communication and reduced trust and teamwork 

(Evans et al. 2020a, Evans et al., 2020b Harper et al., 2016). Therefore, alternative 

delivery systems have evolved to cater for these deficiencies (Othman and Youssef, 

2020). BIM is a collaborative design sharing platform that helps facilitate transfer of 

information and knowledge between trades, enhance communication and cooperation, 

and reduce misunderstandings and errors (AIA National and AIA California Council, 

AIA/AIA CC, 2007); BIM functionalities help in achieving LC principles; 

accordingly, adoption and implementation of BIM, LC and integration between BIM 

and LC jointly, as LeanBIM, is contributing to the achievement of IPD principles, so 

called LeanIPD. 

IPD is an alternative project delivery approach that integrates project teams, 

business structures, operating systems and practices into a process that promotes 

innovation (Hamzeh et al., 2019). It differs from traditional delivery approaches by 

integrating principles such as early collaboration, trust-building, teamwork, collective 
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risk management and profit sharing throughout project life cycles (AIA National and 

AIA California Council, AIA/AIA CC, 2007). IPD and its relational type of 

contractual agreement, offers an alternative that addresses several deficiencies found 

in traditional approaches. For instance, projects employing IPD are found to 

substantially increase productivity and reduce waste, thus offering better performance 

and increasing value for owners, contractors, and designers (AIA National and AIA 

California Council, AIA/AIA CC, 2007). The construction industry has been a slow 

adopter of innovative and smart technologies, such as BIM and integration with LC 

practices (Evans and Farrell, 2020; Evans et al., 2021c; Evans et al., 2021a; Evans et 

al., 2021b). BIM and LC approaches have been introduced as two distinctive but 

integral initiatives (Sacks et al., 2010; Sacks et al., 2009). Developing modern 

standards for implementation of BIM is required (Olawumi et al. 2018; Olawumi, and 

Chan, 2018), while full integration between BIM and LC is necessary to achieve 

optimum LeanBIM synergy; integration between LeanBIM and IPD is also required 

to achieve LeanIPD synergies working towards LeanIPD&GID. Numerous studies 

have evaluated potential, barriers, risk, challenges, critical success factors (CSFs), 

critical failure factors (CFFs) of BIM and its influence on successful delivery of 

construction projects (Olawumi and Chan, 2020; Olawumi and Chan, 2019a; Hamzeh 

et al., 2016). 

BIM is a revolutionary design-based technology (Olawumi et al., 2018), which 

provides tangible value when implemented and fully integrated with LC (Bui et al. 

2016). Apart from the United Kingdom (UK) and the United States (US) which have 

witnessed an improved adoption and implementation of BIM and LC practices, most 

other countries are still lagging in its execution (Olawumi et al., 2017). Gu and 

London (2010), while expounding on readiness and implementation level of BIM and 
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LC practices, reported that it varies significantly across the world. Even countries 

considered to be early adopters and initiators of these concepts experienced a 

disproportionate level of knowledge (Evans et al., 2020a, b; Olawumi and Chan, 

2019b; Bradley et al., 2016). BIM implementation encompasses visualisation 

processes which enables users to analyse models and retrieve important information 

such as costs, schedules, clash detection and more (Sacks et al., 2010; Sacks et al. 

2009; Sacks et al., 2018; Giel and Issa, 2016). BIM’s inherent characteristics are also 

compatible with LC principles (Hamzeh et al., 2016; Zhang et al., 2018; Solaimani 

Sedighi, 2020; Shuquan et al., 2020). Even though the construction industry has 

started adoption of BIM and LC principles; there are still many barriers and 

challenges to achieve ultimate LeanBIM synergies. 

A number of recent research studies have discussed the use of IPD, LC, and or 

BIM in the construction industry, such as Hamzeh et al. (2016) and Olawumi et al. 

(2019), Sacks et al. (2018), and Enshassi et al. (2019).While there are few projects 

focusing on investigating integration between lean principles, BIM, and IPD and 

implementation of this integration towards GID integration at organisational level. 

Also, there is very limited research that introduces project performance metrics, such 

as cost and schedule performance along with this integration. In this section, the 

definition of each component of IPD, LC and BIM as described in the construction 

literature is provided and then recent research concentrating on the use of all three 

components in projects is discussed. It will also define, redefine, and conceptualise 

integration principles of LC, BIM, IPD, LeanBIM, LeanIPD, and LeanIPD&GID, in 

addition to, definition of project, portfolios, and construction megaprojects. Figure 1.1 

illustrates the hierarchy of integration of BIM, LC, IPD, LeanBIM, LeanIPD, 

LeanIPD&GID concepts, noting that all concepts are originates at project level but the 
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GID concept at organisation level. 

 

Figure 1.1: Hierarchy of integration of BIM, LC, IPD, LeanBIM, LeanIPD and 
LeanIPD&GID concepts on construction megaproject at organisational level 
(Evans et al., 2021d) 

 
1.3.1 Corporate governance 

“Corporate Governance” first came into vogue in the 1970s in the US 

(Cheffins, 2011). Corporate governance generally attracted little attention in the UK, 

prior to the 1990s, with the term “corporate governance” acknowledged by Sir Adrian 

Cadbury (Committee on the Financial Aspects of Corporate Governance, 1992). As 

the 20th century drew to close, corporate governance had clearly become known 

(Cheffins, 2011). There are various definitions of corporate governance based on 

perspectives of organisations. The Organisation for Economic Co-operation and 

Development (OECD) (2021) introduced” corporate governance helps to build an 

environment of trust, transparency and accountability necessary for fostering long-

term investment, financial stability and business integrity, thereby supporting stronger 

growth and more inclusive societies.” Organisational governance system works 

BIM

LC

LeanBIM

(Note: BIM+LC)

IPD

LeanIPD

(Note: BIM+LC+IPD or LeanBIM+IPD)

LeanIPD&GID

(note: GID at organisational level)
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alongside the value delivery systems to enable smooth workflows, manage issues, and 

support decision-making (PMI, 2021). In addition, PMI discussed that governance 

systems provide an integrated structure for evaluating changes, issues, risk associated 

with environment, and any component of value delivery system. PMI claims that 

governance framework can include elements of oversight, control, value assessment, 

integration among components, and decision-making capabilities. They also discussed 

that project governance includes defining the authority to approve changes and make 

other business decisions related to the project. Project governance is aligned with 

program and/or corporate governance. 

 
1.3.2 Global integrated delivery 

The ‘globally integrated enterprise’ (GIE) business model emerged from 

socioeconomic changes that occurred throughout the world in the 1990s. A key factor 

was the emergence of the internet. There are some earlier contributions in GIE 

initiatives by Palmisano (2006), IBM (2006), and the Lisbon Council (2007). Maerki 

(2008) introduced IBM’s business model and strategy by explaining how the 

enterprise transformed from an international corporation model of the nineteenth 

century, to the multinational corporation model of the twentieth century.  This was a 

response to globalisation, its subsequent impact of governance and technological 

advance in the twentieth century. Lubowe et al. (2009) discussed comprehensive 

strategies for globally integrated operations. Bramante et al. (2010) discussed IBM’s 

case-study in transforming to GIE between 2000 and 2010.  

GID could be defined as a transformative initiative in contemporary 

multinational organisations (or enterprises or corporations) that redefines what is 

possible by connecting and collaborating global delivery units or teams; it allows 

teams to grow and achieve opportunities worldwide (Evans et al., 2021c). GID 
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encourages inventive thinking, exploration, and brings innovative ideas and 

sustainable solutions to construction megaproject owners that leads to profitable 

growth and shared success with the multinational AEC organisations (Evans et al., 

2021b). 

GID standard delivery approaches, increases digital capabilities, and enhances 

integration between Line of Business (LoB) services (Evans et al., 2021c). GID 

benefits are: (1) leveraging time zone benefits and extending working days to fast 

track delivery of projects to meet schedules, (2) improving project financials 

combining scalable solutions from LoB for cost benefits, (3) facilitates access to 

global talent, core services in each LoB and expand markets and broaden LoB 

capabilities, (4) efficiently delivering word class services bringing global experience 

to local projects, (5) swift team mobilisation, (6) facilitation of advances in 

technology and delivery innovation, (7) connecting teams globally and increasing 

diversity, (8) enhancing competitive advantage for LoB through competitive pricing 

and offering value for money to clients, thus winning more work.  

1.3.3 Integrated project delivery 

The American Institute of Architects (AIA, 2007) defines IPD as “a project 

delivery approach that integrates people, systems, business structures and practices 

into a process that collaboratively harnesses talents and insights of all participants to 

optimise project results, increase value to owners, reduce waste, and maximise 

efficiency through all phases of design, fabrication, and construction.” Figure 1.2 

shows the relationship among BIM, LC and IPD principles and GID initiatives. 
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Figure 1.2: Staked Venn diagram shows relationship among BIM, LC, IPD 
principles and GID initiatives [vector artwork design using Adobe® Illustrator 
software] (Evans et al., 2021d) 

The principles of IPD, as its name suggests, is integration or collaboration 

between different participants involved in projects. For efficient collaboration to take 

place, project delivery systems must encompass several core features, including: (1) 

early collaboration during design where owners, consultants, architects, contractors, 

subcontractors, and suppliers provide their expertise early in projects to drive 

innovation and improve performance (AIA, 2007), (2) alignment of interests and 

objectives among project parties in line with overall project objectives (AIA, 2007), 

(3) trust and respect between parties and a ‘no-blame’ culture within projects (Evans 

et al., 2020b), (4) high levels of teamwork, communication and collaboration, where 

knowledge and information is openly shared and exchanged (Evans et al., 2020a), (5) 
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processes and tools that encourage cooperation, for example, BIM, (6) pain-

share/gain-share agreements, leading to the elimination of adversarial relationships; 

through this feature, different trades are compensated for their work based on 

principles that rewards them together according to the ultimate benefit of projects 

(Evans et al., 2020b), (7) high levels of teamwork, communication and collaboration, 

where knowledge and information is openly shared and exchanged (AIA National and 

AIA California Council, AIA/AIA CC, 2007), and (8) the employment of 

collaborative planning systems, such as ‘last planner systems,’ (LPSs) for production 

planning and control. This latter feature assists project teams in smoothing variability 

in construction workflow, reducing uncertainty in construction operations, developing 

planning foresight and encouraging proactive behaviours to remove constraints 

(Hamzeh et al., 2015). 

IPD provides two contractual conceptions: multiparty agreements (MPA) and 

single purpose entity (SPE) (El-Adaway, 2010). These concepts refer to the equal 

distribution of risk and rewards for all project parties involved, and there is a 

requirement that all parties participate at early stages of the life cycle of projects. 

(Kent and Becerik-Gerber, 2010). The main purpose of IPD is to resolve weaknesses 

of common project delivery methods such as unassured productivity levels, 

deficiencies in managing schedules and budgets, inadequate information in 

specifications and drawings, and high level of materials’ wastage (Evans et al., 2020a; 

Ghassemi and Becerik-Gerber 2011). IPD as an emerging project delivery approach 

aims to minimise waste on construction projects, which leads to optimal improvement 

in schedules, cost, and quality (Othman and Youssef, 2020). Although it has been 

increasingly adopted in the USA and other parts of the world, its application in the 

MENA has not commenced yet; despite the numerous advantages that this new 
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method provides, no clear evidence of IPD implementation can be detected in the 

region (Evans et al. 2021c; Rached et al., 2014). 

1.3.4 Lean construction 

In the 1990s, recognised as an outcome of the Toyota Production System 

(TPS), lean manufacturing (or lean production) was established and implemented with 

significant achievements, and this led to the original uses of lean thinking in the 

construction industry (Ballard and Howell,1998; Koskela, 2000; Koskela, et al. 2002). 

Liker (2004) described principles and behaviours that underlie the operational 

philosophy of the Toyota Motor Corporation. Since lean principles originally 

appeared as philosophies, it can be defined in many different ways in accordance with 

the purpose of users (Forbes and Ahmed, 2010; Koskela et al., 2019). Lean in 

construction is described as a method to design construction systems to lessen waste 

of time, materials, and effort in the interest of maximising possible project value 

(Sacks, 2013; Howell, and Koskela, 2000). Lean thinking concentrates on identifying 

and setting up expected targets and attempts to streamline master plans (Evans et al., 

2021b). Transforming from lean production, there are three unique concepts of lean 

principles that construction professionals have identified and evolved: LPSs, target 

value design, and lean project delivery systems (Sacks et al., 2009; Sacks et al., 2010; 

Ballard, 2000). 

LC principles were adopted from operational philosophies. Rischmoller et al. 

(2006) used a set of lean principles as a theoretical framework, while Khanzode et al. 

(2005) developed a conceptual framework to link virtual design and construction 

(VDC) with lean project delivery processes (LPDs). Sacks et al. (2009) discussed the 

potential contribution of BIM to visualisation of products and process aspects of 

construction projects; while Sacks et al. (2018) highlighted the significant processes 
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change needed whilst implementing BIM. BIM functionalities are collaborative 

design sharing platforms and help in achieving LC principles; accordingly, the 

adoption and implementation of LC and BIM and the integration between LC and 

BIM as LeanBIM, jointly contributes to achieve IPD principles, so called LeanIPD, 

(Evans and Farrell, 2021et al., 2021c; Evans et al., 2021a). 

1.3.5 Building information modelling 

BIM is defined as a digital representation of a facility illustrating accurate 

geometry and pertinent data used for supporting design, procurement, fabrication, and 

construction, of projects (Sacks et al., 2018). Building information models also 

encompass exchangeable data or files used to assist communication and decision-

making processes (Evans et al., 2021c; Evans et al., 2021b). The term 4D BIM refers 

to the adding time dimension or schedule-related information into 3D BIM models 

(usually 3D computer-aided design or CAD) of projects. With the use of simulation in 

4D models, many construction conflicts, design clashes, and constructability issues 

can be found and resolved in advance. 5D BIM is another variation developed to 

incorporate cost dimensions; 5D BIM is still in its infancy stage of practice, and 6D 

BIM, which has all data of the lifecycle management of projects, but is still 

forthcoming in practice (Sacks et al., 2018; Evans and Farrell, 2020). Table 7.2 shows 

LC principles BIM functionalities (Evans et al. 2021a). 

1.3.6 Governance of portfolios, programs, and projects 

Projects exist and operate in environments that may have an influence on 

them. These influences can have favourable or unfavourable impact on projects. Two 

major categories of influence are enterprise environmental factors (EEFs) and 

organisational process assets (OPAs). EEFs refer to conditions, not under the control 

of project teams, that influence, constrain, or direct projects. These conditions can be 
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internal and/or external to organisations. EEFs are considered as inputs to many 

project management processes, specifically for most planning processes. These 

factors may enhance or constrain project management options. In addition, these 

factors may have a positive or negative influence on outcomes. OPAs are the plans, 

processes, policies, procedures, and knowledge (PMI, 2021). Governance of 

portfolios, programs, and projects involves aligning organisational project 

management (OPM), portfolios, programs, and project management. There are four 

governance domains of alignment, risk, performance and communication, and each 

domain has the following functions: oversight, control, integration, and decision 

making (PMI, 2021). PMI (2021) defines a project as: “a temporary endeavour 

undertaken to create a unique product, service, or result” and a program “as a group of 

related projects, subsidiary programs and program activities managed in a coordinated 

manner to obtain benefits not available from managing them individually.” According 

to PMI (2021) “a portfolio is defined as projects, programs, subsidiary portfolios, and 

operations managed as a group to achieve strategic objectives.”  

CMPs can be defined as temporary endeavours undertaken to create unique 

products, services, or results. Megaprojects can be characterised as large-scale, 

complex, ventures with typically a cost of USD value of one billion or more, 

involving multiple public and private stakeholders. The CMP definition aligns with 

that of the PMI (2021) definition of a project and Flyvbjerg (2014); accordingly, the 

PMI Project Management Body of Knowledge (PMBOK® Guide) key components 

are: project life cycle, project phase, phase gate, project management in processes, 

project management process group and project management knowledge area. PMI 

(2021) defined project governance reference to frameworks, functions, and processes 

that guide project management activities to create unique products, services, or results 
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to meet organisational, strategic and operational goals. CMPs involve various 

stakeholders such as international consultants, multinational contractors, and joint 

ventures, together with several design and construction teams A 

formal definition of stakeholders is: “an individual, groups, or organisations who may 

affect, be affected by, or perceive themselves to be affected by a decision, activity, or 

outcome of a project.” 

1.3.7 Collaborative trust and partnering agreements 

Collaborative working has been described as one of the main performance 

drivers alongside organisational strategic orientation and market turbulence (Hellard, 

1996; Barlow et al., 1997). The potential benefits of collaboration can include an 

increase in profits brought about by shared expertise, cost reduction through sharing 

best practice, efficiencies and improvements in decision-making through shared 

knowledge and increase levels of innovation brought about by sharing ideas (Hansen 

and Nohria, 2004). Partnering may overcome traditional adversarial and 

confrontational attitudes that some would profess still exist within the construction 

industry in lieu of more cooperative and positive relationships (Nystrom 2008). 

Perhaps, partnering could facilitate improved business relationships, especially 

important in dynamic and complex business environments (Huang and Wilkinson, 

2013). Integration of the whole supply chain has been identified in research studies as 

an essential prerequisite for partnering (Latham, 1994; Egan, 1998). 

Some would argue that the essential components of partnering include mutual 

objectives, early integration of key individuals, clear roles and responsibilities, spirit 

of team building, trusting relationships and informal and open communication 

(Crespin-Mazet and Partier, 2010). Despite these components and previously reported 

benefits, traditional theories linked to collaborative processes, procurement and 
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mechanisms have failed to understand why inherent tensions still arise. This clearly 

represents an area of concern and social and psychological forces may need to be 

considered (Cicmil and Marshall, 2005). It has been reported through many different 

sources that in order to potentially lessen the risk of such conflicts and disputes, the 

use of partnering approaches can increase cooperation and develop more sustainable 

relationships built on trust (Larson, 1997; Egan, 1998; Egan, 2002). Challender 

(2016) reported the importance of trust in construction partnering may include: (1) 

reliance on trust; (2) propensity to trust theories, and (3) trust as a collaborative 

necessity, whilst the potential benefits of partnering practices may include: (1) 

adversarial practices, relationships and behaviours, (2) project based nature of 

construction contracting, (3) resistance to change old familiar working practices, (4) 

commercial, economic and contractual pressures, (5) influence of legislative and 

governance measures, and (6) organisational barriers. 

1.3.8 LeanBIM, LeanIPD, and LeanIPD&GID concepts 

LeanBIM concepts: BIM and LC approaches have been introduced as two 

distinctive but integral initiatives (Sacks et al., 2010; Sacks et al., 2009). Developing 

modern standards for implementation of BIM is required (Olawumi et al. 2018a), 

while full integration between BIM and LC, so-called ‘LeanBIM,’ is necessary to 

achieve optimal LeanBIM synergies (Evans et al., 2021c).  

LeanIPD concepts: . IPD is uniquely suited to put these principals into 

practice, because it solves contractual issues that prevent true collaboration and 

sharing of ideas, materials, and manpower. One of the cardinal principles of LC is that 

when a single step is optimised in a process, it de-optimises the whole. Unfortunately, 

traditional construction contracts divide all entities on projects into separate camps 

with each intent on optimising its own part, thus de-optimising the whole. Cost and 
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profit-sharing approaches eliminate traditional contract barriers and incentivises team 

members to act unselfishly and make ‘project’ decisions rather than ‘trade’ decisions. 

Utilising the principles of LC and IPD processes offers two main advantages over the 

traditional design-bid and design-build processes; that is reduced waste and increased 

reliability of planning.  

LC principles focus on attitudes, processes, and techniques for continuous 

improvement, increasing value, eliminating waste in projects, loose supply chains and 

interactions with third parties, while IPD principles boosts LC principles. IPD instead 

of introducing processes to reduce waste or optimising processes, concentrates on 

collaboration between contractual parties, and thus integration between IPD and 

maximising the value of using LC processes. Integrating with BIM enhances 

collaboration, open communication, and the use of innovative technologies. BIM 

functionality is a collaborative design sharing platform that helps in achieving LC 

principles, as LeanBIM, while implementation of LeanBIM achieves IPD principles. 

Thus integration between LeanBIM and IPD achieves the IPD principles, so called 

LeanIPD, (Evans et al., 2021c; Evans et al., 2021a). 

LeanIPD&GID Concepts: Projects, including CMPs, exist and operate in 

environments that have an influence on them. GID redefines what is possible by 

connecting and collaborating global delivery units or teams; as it allows teams to 

grow and achieve opportunities worldwide. GID encourages inventive thinking, 

exploration, and bringing innovative ideas and sustainable solutions to clients and 

owners of CMPs, that leads to profitable growth and shared success with AEC 

organisations. LeanIPD is a project delivery approach that integrates people, systems, 

business structures and practices into a process that collaboratively harnesses talents 

and insights of all participants; this includes integration of BIM, LC, as LeanBIM, and 
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integrating LeanBIM with IPD as LeanIPD working towards LeanIPD&GID 

transformative initiatives. 

1.4 Research problems and scope 

This section discusses the knowledge and practice gaps that gives rise to the 

current study’s aim and objectives. Moreover, the scope of the study is discussed 

within the subsections 1.3.1 – 1.3.4.  

1.4.1 Challenges to integrating LeanIPD&GID on CMPs 

There has been a surge in recent years in use of variants of BIM in 

construction processes and previous studies such as Evans and Farrell (2020), Evans 

et al. (2020b, c), Olawumi and Chan (2019b) and Zhang et al. (2018) stressed the 

need to integrate BIM with LC practice to achieve LeanBIM synergy towards 

LeanIPD. However, as is always the case when new techniques and concepts are 

introduced in the construction industry, the implementation of LC practices can face 

setbacks and challenges (Hamzeh et al., 2016; Evans and Farrell, 2020). BIM has 

transformed infrastructure and building development within AEC industry over recent 

decades (Sacks et al., 2018; Cao et al., 2015). A plethora of research illustrates the 

merits of BIM application through the development of the entire life cycle of projects 

(Olawumi et al., 2018; Chen et al., 2015). BIM adoption has gained momentum and 

attention from key stakeholders and decision-makers in the construction industry 

(Sacks et al., 2009; Sacks et al., 2010; Evans et al., 2020a; Evans et al., 2020b; 

Carvajal-Arango et al., 2019).   

1.4.2 Key drivers to integrate lean construction practices towards IPD 

These relevant knowledge gaps in the extant literature and practice will be 

bridged and addressed in this study. Also, the need to enhance the LC potential of the 

built environment and CMPs as outlined in this study. The current study reiterated the 
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need for the application of integration between BIM, LC, IPD and GID 

(LeanIPD&GID) on CMPs. 

1.4.3 Knowledge Gap and necessity to develop a LeanIPD & GID frameworks  

There is a gap in literature to link transformation of business models from GEI 

towards the integration of BIM, LC practices, as LeanBIM  (Evans et al., 2021c) to 

achieve full optimisation of  principles on CMPs towards GID, as LeanIPD&GID. 

GID could be defined as transformative initiatives and corporate governance in 

contemporary multinational organisations (or enterprises or corporations) that 

redefines what is possible by connecting and collaborating global delivery units or 

teams; it allows teams to grow and explore opportunities worldwide. GID encourages 

inventive thinking, exploration, and brings innovative ideas and sustainable solutions 

to construction megaproject clients and owners that leads to profitable growth and 

shared success with multinational organisations. There is a gap in literature to link the 

transformation of business models from GEI towards the integration of BIM, LC 

practices, as LeanBIM, and considering holistic, integrative processes between LC – 

including BIM functionalities – and IPD, as LeanIPD to achieve full optimisation of 

these principles on construction megaproject working towards GID, as 

LeanIPD&GID. 

Studies pointed out that there are still significant gaps in practice in the 

adoption of LC and IPD the implementation of sustainability practices in the 

construction industry (Hamzeh et al., 2016; Olawumi et al., 2019; Enshassi et al., 

2019). Studies such as Evans et al. (2021c) emphasised that without sufficient 

knowledge on the status (such as its barriers etc.) of the implementation of these 

concepts in the construction industry, it would be difficult to improve of its 

integration. Olawumi and Chan (2018a) highlighted current application of BIM in 
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implementation in building projects. 

These relevant knowledge gaps in the extant literature and practice will be 

bridged and addressed in this study. Also, the need to enhance the integration between 

LC and IPD of the built environment and building projects. The current study 

reiterates the need for LC practices and IPD towards GID. 

1.4.4 Critical analysis and summary  

The overarching consensus emanating from the literature would tend to 

support the notion that LeanIPD&GID plays an extremely important role in 

influencing the success of CMPs. This will of course be dependant of the nature 

projects in terms of their suitability and adaptability to this procurement method and 

the project deliverables. The literature also stressed the importance of integration 

between LC and IPD towards the GID. In consideration of the literature there would 

appear to be varying perspectives as to influence of LC, BIM, and IPD separately 

upon the success of CMPs while LeanIPD&GID synergy will improve project 

performance. Accordingly, the literature has acknowledged that there is an apparent 

lack of definitive and conclusive evidence around LC, BIM, and IPD implementation, 

which gives further justification for the study aim. A clear deficiency of previous 

studies and empirical evidence has informed the objectives of this thesis in developing 

and enhancing the specific areas for research. 

1.5 The study: refinement of the research problem 

Despite the obvious benefits of adopting the IPD approach in the USA and 

many countries worldwide, its implementation in the MENA region is accompanied 

with a number of challenges which limit its adoption in construction of megaprojects 

(Evans and Farrell, 2021; Rached et al., 2014).  The current construction literature 

associated with the integration of IPD, LC, and or BIM is limited, and existing studies 
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mostly focus on qualitative approaches. There is no research that investigates nor 

develops frameworks for managing risk and challenges of integrating LC practices 

and IPD on CMPs working towards the GID transformative initiatives and corporate 

governance in multinational AEC organisations, as LeanIPD&GID. 

In terms of integration of BIM and LC, LeanBIM, much criticism has been 

raised about separate implementation of either BIM or LC practices in the built 

environment (Olawumi and Chan, 2019b) due to difficulties and problems caused by 

its adoption. Hence, Olawumi and Chan (2020) advocated implementation of concepts 

of BIM technologies to facilitate holistic LC development. Moreover, studies such as 

Evans et al. (2021c) and Evans and Farrell (2020) pointed out that there are still 

significant gaps in practice in adoption of innovative tools such as BIM for 

implementation of LC practices, and there are significant gaps in the literature 

regarding integration of BIM, LC, and IPD as LeanIPD on CMPs towards GID. 

Studies such as Olawumi and Chan (2019b) emphasised that without sufficient 

knowledge on status (such as its barriers) of implementation of these concepts in the 

construction industry; it is difficult to improve and track aspects of its 

implementation.  

1.5.1 Outline research methods and methodology  

Mixed research methods approach was adopted, including utilisation of 

quantitative and qualitative to triangulate data collection with the aim of increasing 

validity of its findings. Initial quantitative enquires have been conducted to refine the 

research problem through consultation with several experienced industry practitioners 

and academics. For the quantitative approach, the literature review has been adopted 

together with interviews using Delphi techniques, focus groups, and Quantitative 

surveys have been administrated electronically. Survey questionnaires are designed on 
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participants’ level of agreement and disagreements five and seven-point Likert scales. 

Pilot studies have been conducted as needed to viability, consistency and correctness 

of questionnaires. Furthermore, ethical compliance has been maintained at all times to 

preserve confidentiality and anonymity of participants (University of Bolton Ethical 

Protocol, 2021). 

1.5.2 Research goal 

The study explores current LC practices and IPD in construction industry, to 

create a more comprehensive understanding on the challenges to integrating LC and 

IPD towards GID global transformative initiatives and corporate governance. The 

study seeks to determine factors influencing integration between LC practices and 

IPD in an effort to create frameworks for managing challenges of integrating LC 

practices and IPD towards GID. The study aim and objectives in line with these 

paradigms are outlined as follows: - 

1.5.3 Research aim  

This research aim is to develop a strategic frameworks for managing risk, 

challenges, and integration of lean construction (LC) and integrated project delivery 

(IPD) on construction megaprojects (CMPs) towards the global integrated delivery 

(GID) transformative initiatives and corporate governance in multinational 

organisations. 

1.5.4 Research questions 

In the context of CMPs in multinational architecture, engineering and 

construction organisations, research questions are: 

RQ1: What are critical success factors, barriers, and key drivers 

influence the integration between LC and IPD towards GID? 

RQ2: What is the significance, relative weight, significance of factor 
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clusters, and perception of construction industry professionals and academics 

towards barriers and key drivers of integration between LC and IPD towards 

GID? 

RQ3: What are the interactions between BIM and LC? 

RQ4: What challenges influence the integration between LC and IPD 

towards GID? 

1.5.5 Research objectives  

In consideration of the aim and reflecting research questions the research 

objectives (ROs) for this study, in the context of CMPs in multinational AEC 

organisations, the ROs are: 

RO1: To appraise influence of partnering agreements associated with 

BIM adoption on stakeholder’s behaviour;  

RO2: To test and critically assess critical success factors (CSFs) for 

adoption BIM and LC practices; 

RO3: To test and critically assess barriers to integrating BIM and LC 

practices; 

RO4: To critically analysis and develop frameworks for the 

interactions between BIM and LC; 

RO5: To critically appraise barriers to integrating LC and IPD 

towards the GID global initiatives; 

RO6: To develop a competency framework for to integrate LC and 

IPD, and critically appraise key drivers (KDs) to integrating LC and IPD 

towards FOW global initiatives; and 

RO7: To develop frameworks for managing risk and challenges of 

integrating LC and IPD towards the GID transformative initiatives and 
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corporate governance. 

1.5.6 Research hypothesis  

In the context of CMPs in multinational architecture, engineering and 

construction organisations, the research hypothesis is: 

RH1: LC practices have an influence on IPD 

Note: this hypothesis is written in the ‘alternative’ style, but it is recognised 

that testing will be executed against the null hypothesis. To validate research 

hypothesis, the research used multiple parametric tests to ensure normal distribution 

of data, and homogeneity of variances, such as correlation, one-way analysis of 

variance (ANOVA) tests. 

1.6 Key variables and their definitions 

1.6.1 Definition of independent and dependent variables 

According to Farrell et al. (2016) the definition of a variable is “... any facet 

that can have more than one value, or that can exist in more than one form; it is 

capable of moving”. An independent variable (IV) can be best described as something 

that one can control, often referred to as the cause.’ Moreover, a dependent variable 

(DV) is something that is directly influenced when the IV is changed, moved, altered, 

or manipulated and commonly referred to as the ‘effect’. 

1.6.2 Definition of IV and DV in the context of the study 

The majority of previous research studies have regarded CSFs, key drivers, 

barriers, and challenges as an independent variable IV (cause) by which to measure 

dependent variables (effects) which in the context of this study could include such 

factors. IVs and DVs defined in each chapter. 
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1.7 Research design and methodology 

1.7.1 Introduction 

The purpose of the section is to give an overview of each of the different 

stages in conducting the study from a methodology perspective to achieve the 

research aim and its objectives. It will explain in detail the methods, techniques and 

processes that have been utilised in the research. This will include the research design, 

quantitative and qualitative data collection processes, data triangulation, tools, and 

processes as part of the data analysis and finally, presentation of the data findings. 

Validation for the study objectives and the data collection is also explained with 

reference to the review of literature which provides substantiation of the research 

problem and its design. The selected method of analysis will be discussed and again 

rationale provided to justify the selection. Finally, it will examine research validity, 

reliability, ethics, and limitations of the study. The overall research methodology can 

be classified into seven phases, each phase is designed to achieve one of the research 

aim, Figure 1.3: Overall research approach  demonstrates the overall research 

approach. 
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Figure 1.3: Overall research approach  

• •Methodology: Qualitative research, case study, semi-structured interviews & focus 
group techniques (6 CSFs, 96 respondents - data collected over 3 month)

• •Outcome: Identify traditional procurements, DB, IPD, BIM & influence on 
stakeholders

• •Deliverable: Significant factors influence procurement strategy on CMPs, Impact of 
BIM implementation

RO1

• •Methodology: Qualitative research, Delphi technique (two-rounds), descriptive & 
inferential statistical analysis - (30 CSFs, 16 experts - data collected over 4 month)

• •Outcome: Identify CSFs for integrating LC and BIM (LeanBIM)

• •Deliverable: Analysis and rank of CSFs to integrate LeanBIM

RO2

• •Methodology: Qualitative research, Delphi technique (two-rounds), descriptive & 
inferential statistical analysis - (28 barriers, 16 experts- data collected over 4 month)

• •Outcome: Identify barriers for integrating LC and BIM (LeanBIM)

• •Deliverable: Analysis and rank of barriers to integrating LeanBIM

RO3

• •Methodology: Qualitative research, questionnaire survey, descriptive & inferential 
statistical analysis, semi-structured interviews & focus group techniques - (10 LC 
& 10 BIM interactions, 98 respondents - - data collected over 2.5 month)

• •Outcome: Identify & assess interactions between BIM & LC, BIM functionalities, LC 
principles, BIM groups, LC areas & interactions matrices

• •Deliverable: Propose a conceptual framework for interactions between BIM & LC

RO4

• •Methodology: Qualitative research, questionnaire survey, descriptive & inferential 
statistical analysis, semi-structured interviews & focus group techniques - (28 
barriers, 230 respondents - data collected over 2.5 month)

• •Outcome: Identify barriers to 

• integrating LC, IPD, LeanIPD & GID transformative initiatives (LeanIPD&GID)

• •Deliverable: Conceptualise LeanIPD&GID + Identified most significant barriers to 
LeanIPD&GID

RO5

• •Methodology: Qualitative research, questionnaire survey, descriptive & inferential 
statistical analysis, semi-structured interviews & focus group techniques - (30 
KDs, 226 respondents- data collected over 3 month)

• •Outcome: Identify KDs to integrate LC, IPD, LeanIPD & GID transformative 
initiatives (LeanIPD&GID)

• •Deliverable: Competency framework + FOW transformative initiatives+ Identified 
most significant key drivers to LeanIPD&GID

RO6

• •Methodology: Qualitative research, literature review, questionnaire survey, 
descriptive & inferential statistical analysis, semi-structured interviews & focus 
group tech. (data collected over 3 month)

• •Outcome: Identify challenges to integrate LeanIPD&GID + KPIs

• •Deliverable: Propose a framework for managing challenges of integrating LC, IPD 
on construction mega-projects towards GID in multinational AEC organisations, 
FOW, and GID strategy placements

RO7
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1.7.2 Philosophical position and framework 

The thesis considers, establishes, and justifies a philosophical position for the 

study taking into account that the research is within the context of the CMPs in 

multinational AEC organisations. Objective or positivist research lies at one end, and 

seeks to establish facts about the world.  Subjective or interpretivist research lies at 

the other and seeks to explain why things are as they are (Farrell et al., 2016). 

According to Farrell et al. (2016) it is argued that the best studies comprise the 

analysis of both qualitative and quantitative data.  The qualitative analysis may come 

first, speaking to people, teasing out issues and problems.  The quantitative analysis 

follows, using numerical data to test hypothesis. The researcher may then revert back 

to more qualitative data gathering to help in interpreting results and findings from the 

quantitative tests.  The review of the theory and the literature, at the early part of the 

study may be considered to be a qualitative analytical tool, although the review may 

also include some quantitative analysis.  Using both qualitative and quantitative 

approaches in a study can be called ‘mixed methods’ or ‘methodological 

triangulation’ (Clarke and Cresswell, 2008). 

A ‘mixed methods’ or ‘methodological triangulation’ has been adopted for this 

study. The framework is illustrated in Figure 1.4 and includes a common thread of 

research paradigms that suggested for this study (Farrell et al., 2016). 
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Figure 1.4: Philosophical framework for study (Farrell et al., 2016) 

1.7.3 Founding the objectives from the problem 

Over recent years there have been many debates in the construction industry as 

to the implementation of LC working practices and IPD in the construction projects. 

The study has emanated from the experiences of the author in construction industry, 

particularly in multinational CMPs in the Middle East. From these reflections further 

enquiries and in-depth consultations were conducted with a small sample of five 

experienced construction professionals and three senior academics, known to the 

author, to discuss and develop a focus for the research. It was regarded as a sample of 

convenience and purposeful for gaining initial thoughts and experiences. An initial 

thesis proposal based on an articulation of the research problem was then prepared 

and refined through further consultation. It culminated in the purpose and aim of the 

study being designed to explore the extent to which interrelation and integration 

between LC, BIM, IPD and GID and its impact on the performance of CMPs in 
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multinational AEC organisations. Feedback and belief from the consultation process 

suggested that providing an insight and explanation into the four research questions 

would be a useful study (as referred to in Chapter One Section 1.5.4). From these 

questions, seven research objectives and one hypothesis in the ‘alternative style’ were 

formulated to mirror the problems to be investigated. This ensured that there were no 

differences with “... questions, objectives and hypotheses imitating each other with 

precision” (Farrell et al., 2016). Founding such objectives from reflections on 

experience and problems, demonstrates a robust case for research design. 

1.7.4 Conducting the literature review; questionnaire survey; and experts’ 

consultations 

The purpose of the literature review was to collate current knowledge and 

different perspectives around LC, IPD and GID interrelation and integration on CMPs 

and identify potential gaps in previous work as a focus for the study. It was conducted 

by locating and reading many different sources of previous work related to the subject 

matter of LC, BIM, IPD and GID in CMPs. This included accessing the University of 

Bolton Institutional Repository (UBIR) account to download electronic resources 

including conference proceedings and academic journals. Also, included the world's 

leading source for scientific, technical, and medical research such as emerald 

publishing, ScienceDirect, Elsevier, Google Scholar, and ReseachGate. Relevant 

sections from all the literature sources were initially paraphrased through hand-written 

notes and some later deciphered for inclusion in the typed literature review. All 

sources of information have been Harvard referenced and included in the references 

section of this study. 

The review of the literature is often the first stage in a research endeavour and 

very critical towards identifying the trends and practices in the research discipline as 
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well as relevant gaps in the knowledge and practice of the subject matter. It also helps 

to establish a solid theoretical base for the study. The current study is an 

interdisciplinary research field involved investigation of challenges to integrating LC 

– including BIM – and IPD working towards GID transformative initiatives and 

corporate governance in multinational AEC organisations. It was necessary to conduct 

an extensive review of the literature and practice involving BIM, LC and IPD 

adoption and implementation in the built environment as well as its joint application 

and investigated the interactions between the three concepts and integration between 

LeanBIM, LeanIPD and LeanIPD&GID. Literature review seeks to determine the 

extent of current knowledge of LC, IPD, and GID specifically with regard to RO1 to 

RO7 of this thesis as identified in section 1.5.5. In the context of construction 

megaprojects in multinational organisations; review of literature and theory has 

identified many different perspectives on LC and IPD on several stages this included 

identify, critically appraise, and examine the following: - 

• Traditional procurement strategies, DB, IPD, and BIM implementation and 

integration and its influence on project stakeholders; 

• CSFs, CBFs for integrating LeanBIM; 

• Interactions between BIM, LC, BIM functionalities, LC principles, BIM 

groups, LC areas and interactions matrices; 

• Barriers and key drivers to integrating LC, IPD, and LeanIPD&GID; 

• Challenges to integrating LeanIPD&GID and proposed KPIs and framework 

for managing challenges of integrating LC, IPD. 

Furthermore, it has collated information and data gathering from a large 

number of sources which mainly have included academic papers from journals and 

conference proceedings, government sources and electronic data bases. It broaches 
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alternative research approaches and theoretical arguments on the importance of 

integration between LC and IPD in GID context, and debates whether strategies can 

be initiated to increase its presence in the construction industry.  

1.7.5 Primary data collection; Delphi technique; questionnaire surveys and 

data analysis 

The research attempts to investigates challenges to integrating LC practices 

and IPD on CMPs towards the GID transformative initiatives and corporate 

governance in contemporary multinational AEC organisations. It compares the 

research aim, objectives and characteristics with the aim, objectives, and 

characteristics of different research approaches (Farrell et al., 2016).  This research is 

both descriptive and inferential in nature and adopts an applied approach to achieve 

its aim and objectives. Quantitative and qualitative techniques were used for data 

collection and analysis. Semi-structured face-to-face interviews and the focus group 

technique via video conference communications was adopted since it indicates a high 

degree of reliability, high level of item response rate, and gives opportunity to 

interviewers to explain complex questions and mitigate inappropriate responses 

(Farrell et al., 2016). Semi-structured face-to-face interview are discussions, usually 

one-on-one between interviewers and interviewees, meant to gather information on a 

specific set of topics, while focus groups are dynamic group discussions used to 

collect information (Harrell, and Bradley, 2009). This strategy reduces the risk and 

bias associated with using specific methods (Fellows and Lui, 2015; Farrell, 2016; 

Bernard, 2000). To achieve the research goals, a two-stage research methodology is 

adopted. Stage1 is qualitative research and Stage2 is quantitative. A detailed research 

methodology is demonstrated in each chapter. 
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1.7.6 Publications and referee feedback 

The study has undertaken measures to increase validity and reliability of 

research findings. These include the adoption of pilot studies, mixed research 

methodologies, internal reliability tests and initial vetting processes for selection of 

participants and publications in indexed, ranked and quartiles Q1, and Q2 journals 

adopts double blind peer review process. Throughout the course of this thesis, and to 

support the research, there were peer-review journal publications by the author, and 

these are listed in Section ‘list of research publications.’ These were all independently 

refereed by reviewers for the publishers and feedback was acted on to improve the 

research papers prior to final submission. The research was submitted to top-tier 

journals for publications; the research passed double blind peer review processes with 

multiple validation until publishing, noting that journals are indexed and ranked in 

Scoups® and other well-reputed databases. According to Emerald Publishing (2021) 

double blind peer review is “the most common form of peer review for our journals 

and case studies is “double blind”, which keeps the process as objective as possible. 

Reviewers are not aware of the author’s identity, and you will not know the identity of 

the reviewers.” 

1.7.7 Research design 

The conceptual structure that this thesis operates within is referred to in this 

section as research design (Farrell et al., 2016). In considering the research design for 

the study replication and validity were the two most important considerations. For this 

reason, it is intended to describe the methodology in this chapter in a way that it can 

be easily replicated by others (Flick, 2009). In this sense it could then facilitate and 

provide justification for other research, following the same methodological pathway, 

to ensure robust analysis and less contradictory outcomes. There are many different 



36  

forms of data collection and these include case studies, action research, Delphi 

technique, surveys, grounded theory, experiments, ethnography, and narrative enquiry 

(Flick, 2009). The next sections of this thesis will explain the research design from the 

perspective of a ‘mixed method’ quantitative and qualitative approach. 

1.7.8 Quantitative approach of the study 

In the context of the research design the literature review has stressed the need 

to investigate proven methodologies from previous studies (Hasson et al., 2000). 

Qualitative analysis aims to gain insights and understand people’s perceptions of the 

world; people labour to give answers (Farrell et al., 2016). This was justified on the 

basis that according to (Hasson et al., 2000) this fits well with measuring trust in the 

context of construction projects. The study detailed research approaches in each of the 

following chapters as a standalone unit. 

1.7.8.1 Procedure and design of data collection tool  

Farrell et al. (2016) advised to give focus on and relevance to this thesis study 

aim and objectives, were felt to form the most appropriate basis for the research 

design. Accordingly, respective lists of attributes were developed for each respective 

group of the measured variables (independent and dependent) in each research aim. 

The primary source for identifying each attribute data was the review of literature. 

Such an app roach was designed to break down variables into elements for multiple 

measurements as advocated by Farrell et al. (2016). The model will rely on the 

measurement of all component trust items, referred to as attributes in this study, to 

measure the levels of motivational, ethical, and organisational trust building 

mechanisms as independent variables and trust expectations as a dependent variable. 

Accordingly, the next stage of the research design was to develop a reliable and 

authoritative ‘item pool’ of attributes for each group factor. Examples of relevant 
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work were undertaken by Evans et al. (2020b) which used word content data analysis 

from interviews to create a list of attributes, and Evans et al. (2021c, d) which used 

the Delphi technique. 

1.7.8.2 Measures and design of questionnaires  

A questionnaire was designed to facilitate an ‘analytical’ survey to measure an 

association or causality. As advocated by Farrell et al. (2016), questionnaires were 

carefully worded to provide information that was considered valid and reliable. 

Questions were designed to be ‘closed-ended’ with a fixed number of multiple-choice 

responses as opposed to open ended with infinite responses. Such an approach was 

justified on the basis of ease of coding and analysis. Multiple items and a Likert scale 

(Likert, 1932) employing declarative statements and a list of response categories were 

used. The questionnaires were designed in two parts. The first part consisted of 

measured questions to record participants’ degrees of agreement or disagreement with 

a set of statements. Participants were asked to rate factors on a 7-point Likert scale: 0 

= very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure, 4 = agree, 

5 = strongly agree and 6 = very strongly agree. Participants were given the 

opportunity to add any additional factors or remarks at end of the questionnaire. 

Scores are developed on the Likert scale, developed by the American Psychologist 

Rensis Likert (1903-1981). The seven-point Likert scale has been shown to be more 

accurate, easier to use, and a better reflection of a respondent’s true evaluation. In 

light of all these advantages, even when compared to higher-order items, 7-point 

items appear to be the best solution for questionnaires such as those used in 

perception evaluations. Whether academic and industry practitioners are developing a 

new summative scale, a satisfaction survey, or a simple one-item post-test evaluation 

item, accordingly, research adopted to use a 7-point rather than a 5-point scale (Farrell 
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et al., 2016). 

The questionnaire was also designed to extract subject variables which 

included discipline, professional experience, nature of project and size and type of 

organisation. In this way, it was designed to detect whether there are any ‘other 

variables at large’ impacting on the DV particularly and support post-hoc data 

analysis. For instance, when considering the type of organisation, it would allow 

differentiation of between such variables as clients, contractors, subcontractors and 

consultants separately for in-depth analysis between groups. This was designed to 

provide data with regard to each research aim. It was decided that an electronic form 

of questionnaire. The responses were obtained through an online questionnaire 

designed using ‘Google Forms’ and distributed using various tools, i.e., email, 

LinkedIn, WhatsApp and Microsoft Teams. To ensure compliance with ethical 

protocols, a note preceded questionnaire to provide guidance on aims and objectives 

of research, estimated duration to complete, to assure participants of their anonymity 

and confidentiality, and to advise that reply was not compulsory. 

1.7.8.3 Pilot study  

According to Hoxley (2008) “piloting is absolutely essential to studies 

involving questionnaires and this relates to obtaining constructive feedback. 

Accordingly, a pilot study was conducted as part of the research design in order to 

gather data prior to the main study and test logistics. Farrell et al. (2016) advocated 

the usefulness of pilot studies on the basis that they help appraise any adverse events, 

techniques and redesign found to be necessary. Questions formed part of the ‘pilot 

questionnaire’ of which eight at the end of the survey were specifically dedicated to 

obtaining feedback on the questionnaire itself. The findings and process of carrying 

out the pilot study proved useful as it highlighted some constructive criticism in 
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response to the feedback questions. These included comments relating to the unclear 

nature and phrasing of certain questions and some minor ambiguities. To achieve 

research aims several questionnaires were issued, details of each questionnaire survey 

and exhibits detailed in following chapters and appendices A to G. 

Furthermore, IBM® SPSS® Statistics (SPSS) Version 27 was used to 

correlate individual question scores with the total score for that basket of questions. 

This analysis identified statements which had a relatively lower correlation coefficient 

when compared to others. These statements were carefully considered and in some 

cases, it was felt that the unclear wording may have been attributable to these lower 

values. Highlighting such anomalies at this early stage enabled the questionnaire to be 

modified and improved accordingly, as part of the main study. Such modifications 

followed an articulate process for changing statements involving three alternative 

statements being prepared for consultees’ feedback and reflection. Consultees 

included the PhD supervisor and an experienced professional practitioner. The final 

redesigned questionnaires were considered to be more purposeful and stable following 

the aforementioned modifications and is referenced in each of the following chapter 

and contained in appendices. 

1.7.8.4 Sampling strategy; participants, population  

In considering the sampling strategy for the study, a list of potential 

participants was collated from professional bodies, and government frameworks. The 

population of this study comprised construction experts that have experience in BIM, 

LC, LeanBIM, IPD, LeanIPD and LeanIPD&GID on CMPs. Cochran’s sample size 

formula for categorical data (Cochran, 2007) was employed to establish the sample 

size that is seeking maximum possible responses within affordability. 
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𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 1.1 

Where 𝑛 is initial sample size estimate, 𝑡 is confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is margin 

of error (0·1). Upon calculating (Equation 1.1) using assumed data (𝑡 = 1·96, 𝑝 = 0·5, 

𝑞 = 0·5, 𝑑 = 0·1) a sample size of 96 was determined. Details about sampling of each 

survey questionnaire and respondents’ demography are discussed in following 

chapters. 

1.7.8.5 Methods of analysis  

Inferential statistical analysis formed the basis of the study, and it was based 

on measuring two variables in the objectives. Adapting the cluster analysis 

methodology and clustering variables and measuring KPIs. Correlation analysis from 

questionnaire data was then conducted using IBM® SPSS® Statistics (SPSS) Version 

27 software to analyse different relationships and their attributes and expectations 

(Farrell et al., 2016). Research findings following various forms of statistical analysis 

and tests of validity were presented in tables, scatter diagrams, radar charts and graphs 

to identify potential influences between key variables. From these results narratives 

were developed into discussion, conclusions, and recommendations for further 

studies. 

1.7.9 Qualitative approach of the study 

A qualitative analytical approach was used to explore key themes, 

understandings, and attitudes of those who work within this environment on a daily 

basis (Farrell et al., 2016). Qualitative studies such as this are designed to give 

subjective data otherwise known as soft data (Hasson et al., 2000). There were three 

main purposes and phases to the qualitative research. The first comprised a 
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‘qualitative enquiry’ to explore open views and opinions of participants and therein 

support the development of the research problem. A similar approach was undertaken 

with the same participants as part of a second phase to gain feedback to the 

questionnaire which was the main research data collection tool. The third was to 

interview and present the quantitative study findings back to the subjects being 

studied and seek validity of the study findings (Farrell et al., 2016). This would also 

support the interpretation process and development of the discussion and conclusions 

(Tanner, 2018).  

Farrell et al. (2016) defined Delphi technique as “a process by which a 

questionnaire survey is carried out to seek the opinions of an expert sample.  On 

completion, these opinions are then analysed and collected average responses 

presented again to the sample in further rounds of the survey, giving individuals the 

opportunity to change their opinion given the response of others in the sample.  

Eventually the answers should converge on the correct response”. The Delphi survey 

technique was utilised to achieve RO2 and RO3 to gauge opinions of a panel of 

sixteen (16) experts through a two‐round Delphi questionnaire survey. Panel 

responses were scrutinised using inferential and descriptive statistical techniques. 

1.7.9.1 Procedure and data collection; measures and design 

Qualitative analysis in addition to quantitative analysis was considered to be 

appropriate as it can generate rich primary data and give “insight into how 

participants see and view the world” (Farrell, 2011, p.101). These reasons may 

explain why qualitative data analysis can be conducive to capturing ‘lived 

experiences’ of people as well as their perceptions and prejudgments of a particular 

experience (Tanner, 2018). It could be concluded from the literature that qualitative 

studies are useful for studying processes and strategies such as collaborative working 
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and partnerships which develop over time. It was also felt, based on aforementioned 

arguments, that this method would tease out fuller information from interviews and 

redefine and reshape the research problem, whilst helping to interpret some of the 

findings from the quantitative survey and providing a good basis for further 

discussion. The eight interviews conducted were designed to generate honest and 

open views and opinions from the different construction professionals. The analysis 

extracted valuable qualitative raw data transcripts, which in turn were processed into 

labels and themes, and are referenced and included in following chapters. These were 

then converted into qualitative data for further analysis, discussion and to report on 

findings. 

1.7.9.2 Pilot studies 

A list of draft questions was proposed for the interviews and these were 

modified slightly following initial consultations between PhD supervisors These 

modifications were intended to avoid leading questions and to allow participants to 

speak freely and openly and thereby encourage lateral discussions. Further 

consultations were then carried out to plan and formulate the format and structure for 

the interviews. ‘Pilot’ interviews were then conducted, with the assistance of three 

experienced construction professionals, to provide feedback and initially tease out any 

difficulties with the way questions were designed and conducted. These concluded 

that the line of questioning and mode of recording the interviews did require some 

additional minor amendments to ensure clarity and avoid any confusion. Accordingly, 

some further minor adaption and modifications were incorporated in terms of changes 

to the wording of questions. 
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1.7.9.3 Case study 

According to Proverbs and Gameson (2008) case study is a research approach 

that investigates a phenomenon in great detail within a specific context, using 

different data sources and methods of collection through triangulation to provide an 

in-depth analysis of the case. In the construction industry, individual construction 

projects can easily provide a case for research (Farrell et al., 2016). A case study is 

adopted as a research methodology to achieve RO1 as detailed in Chapter 3. This 

approach allowed the examination of critical topics, understandings, attitudes, and 

behaviours of various key stakeholders inside the environment of partnering projects. 

1.7.10 Data triangulation through mixed methods 

The research design for the study used different data sources and 

methodologies through survey questionnaires, Delphi survey and interviews. This 

approach as opposed to a single research method was designed to increase the validity 

of the findings and therein improve the quality of the study (Farrell et al., 2016). 

Comparing different kinds of qualitative and quantitative data in this way is 

commonly regarded as triangulation (Love et al., 2002). Denzin (1970) was an early 

advocate of such multiple sources of data collection and claimed, “method 

triangulation can serve to overcome partial views and present something like a real 

picture.” Silverman (2001) explained the importance of such measures to ascertain 

whether these different data corroborate one another. Farrell et al. (2016) supported 

this premise and advocated that “best studies comprise the analysis of both qualitative 

and quantitative data.” Triangulation is also commonly regarded as a tool to cross 

check research through analysis of research questions. There does remain, however, a 

misconception that the purpose of triangulation of data is to improve the consistency 

of data collection approaches. According to Patton (2002), it may, however, have the 
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opposite effect and generate more inconsistencies. This is explained in terms of the 

different perspectives of each approach and should be regarded as giving more 

meaningful to the data. 

1.7.11 Validity 

According to Seale (2004) validity is defined as “the truth of a research 

project, does it ‘tell the truth’ given the research paradigm in which it is operating.  

Validity is often examined from two perspectives; internal, the extent to which the 

conclusions are themselves supported by the study, and external, the extent to which 

these findings can be generalised.” The former relates to the degree to which research 

findings are generalised and the latter the extent to which conclusions can be fully 

supported by the study. The surveys for the study largely owing to the nature of the 

research were designed to extract largely subjective data which Farrell et al. (2016) 

defined as “… a person’s views … proceeding from personal individuality”. It is 

acknowledged that such subjective ‘soft data’ may have limited the validity.  

The piloting processes, however, and the adaptation of statements used for 

previous studies in the questionnaires, as part of the quantitative study were designed 

to improve validity (Seale, 2004). Piloting in the qualitative interview process also 

proved instrumental in detecting any questions which were deemed to be unreliable. 

In such cases, questions were rephrased in some cases to avoid them being one 

directional or bias to one viewpoint. In a similar way leading questions were avoided, 

and open questions were promoted to encourage balanced and honest responses which 

fully represented the opinions and beliefs of the interviewees.  

As referred to in following chapters, the study entailed presenting a summary 

of the study findings and conclusions back to some of the construction professionals 

that participated in the interviews. This was designed to gain confirmation and 
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verification of the findings from the subjects being studied and give more confidence 

to the validity of the study. This method is referred to as ‘respondent validation’ 

(Silverman, 2001). Noting that the entire research was structured based on 

publications, accordingly each research objective was design and written in a stand-a-

lone chapter based on published papers in Q1 and Q2 peer-review journals. Each 

chapter from chapters 2 to 8 was subjected to external peer-review, the researcher 

accordingly responded to scientific journals’ external reviewers and elaborate the 

studies accordingly. 

1.7.12 Reliability 

According to Seale (2004) reliability is described as whether a study can be 

easily replicated or repeated by others to produce consistent results.”  While 

Hammersley (1992) defined reliability as “... the degree of consistency with which 

instances are assigned to the same category by different observers or by the same 

observer on different occasions”. Cronbach’s alpha reliability test (Cronbach, 1951) 

was applied to the quantitative data to validate the construct reliability and inter-item 

relationships of the attributes. Alpha values in this regard vary between 0 and 1 and 

the greater the value, the higher the internal consistency of the attributes with 0.7 and 

above, according to Sharma (1996), being regarded as good. 

1.7.13 Ethical consideration and compliance 

Studies of this kind should be designed to ensure that no emotional or physical 

harm is caused to individuals participating in interviews (Farrell et al., 2016). For this 

reason, the Ethical Code of Conduct for the University of Bolton in carrying out 

research was strictly adhered to at all times for both the quantitative and qualitative 

approaches to the study. An ethical compliance information sheet summary and letter 

explaining the purpose, procedure, structure, and duration was sent through by e-mail 
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to each participant and this is contained in Appendix D. It contained an introduction 

to the study and allowed participants to become conversant with all aspects of the 

interview including its purpose. The process also informed participants of the ethical 

compliance measures that were implicit in the study as well as measures to maintain 

confidentiality and protect anonymity at all stages (Farrell et al., 2016). 

1.8 Structure of the thesis 

This research is structured into ten chapters. Chapter 1 presents and discusses 

the background of the research, states the scope of the study, and the research 

problems that give rise to each of the research objectives, states the research aim and 

objectives. It also briefly discusses the various research design and methodology 

adopted in this thesis. Figure 1.5 illustrates structure of the thesis and relationship 

between ROs and chapters. 

Chapter 2 details the research methodology. 

Chapter 3 presents influence of partnering agreements associated with BIM 

adoption on stakeholder’s behaviour in CMPs. It also discusses comprehensive review 

and a case analysis of the concept of BIM and stakeholder’s behaviour in CMPs and 

introduces the influence of the partnering approach and the adoption of design and 

build (DB) contractual agreement associated with the implementation of BIM on the 

behaviour of stakeholders on megaprojects. The findings of this chapter lead to the 

fulfilment of RO1. 

Chapter 4 presents comprehensive reviews of BIM and LC literature towards 

investigating and understanding critical success factors (CSFs) that enhance 

integration between BIM and LC practices on CMPs. A Delphi survey technique was 

utilised to gauge opinions of a panel of sixteen (16) experts through a two‐round 

Delphi questionnaire survey. Panel responses were scrutinised using inferential and 
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descriptive statistical techniques. Thirty (30) CSFs were identified in the literature. 

The findings of this chapter lead to the fulfilment of RO2. 

Chapter 5 presents comprehensive reviews of BIM and LC literature towards 

investigating and understanding critical barriers encountered by key construction 

stakeholders in their efforts to integrate BIM and LC in the CMPs. A two-round 

Delphi survey shaped the foundation of aggregating consensus between an expert 

panel that examined a set of 28 barriers resulting from a detailed analysis of extant 

literature. Descriptive and inferential statistical tests were exploited for data analysis, 

and interrater agreement analysis was used to elaborated and validate results. The 

findings of this chapter lead to the fulfilment of RO3. 
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Figure 1.5: Structure of the thesis   

Chapter 3

RO1

To appraise influence of partnering agreements 
associated with BIM adoption on stakeholder’s 

behaviour

Chapter 4
RO2

To test and critically assess critical success factors 
(CSFs) for adoption BIM and LC practices

Chapter 5
RO3

To test and critically assess barriers to integrating 
BIM and LC practices

Chapter 6
RO4

To critically analysis, and develop a framework for 
the interactions between BIM and LC

Chapter 7
RO5

To critically appraise barriers to integrating LC and 
IPD towards the GID global initiatives

Chapter 8

RO6

To develop a competency framework for to integrate 
LC and IPD, and critically appraise key drivers (KDs) to 
integrating LC and IPD towards FOW global initiatives

Chapter 9

RO7

To develop a framework for managing risks and 
challenges of integrating LC and IPD towards the GID 

transformative initiatives
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Since the study reported in this thesis is a multi-disciplinary research work, 

Chapters 3, 4 and 5 were designed to report mostly on BIM and LC respectively, 

although some sections in Chapters 3,4 and 5 were designed to buttress on the 

interactions and integration between these the four concepts BIM, LC, IPD and GID 

concepts and how it applies to the construction industry and the built environment.  

Chapter 6 presents critical appraise interactions of BIM and LC on CMPs 

encountered by key stakeholders in their efforts to integrate BIM and LC. A 

qualitative research approach is adopted to introduce and validate LC principles and 

BIM functionalities resulting from a detailed analysis of extant literature, followed by 

a conceptual analysis of the interactions between BIM and LC on CMPs. A 

quantitative questionnaire survey is then utilised. Descriptive and inferential statistical 

tests are used for data analysis; analysis of variance (ANOVA) tests elaborate and 

validate results. The findings of this chapter lead to the fulfilment of RO4. 

Chapter 7 investigates barriers to integrating LC practices and IPD on CMPs 

towards the GID transformative initiatives and corporate governance and develop 

FOW global initiatives in contemporary multinational AEC organisations. The 

research conceptualises LeanIPD&GID, GID strategy placements, and FOW global 

initiatives with multiple validations. It concluded that the most significant barriers to 

integrate LeanIPD&GID on CMPs are ‘lack of mandatory BIM and LC industry 

standards and regulations by governments,’ ‘lack of involvement and support of 

governments,’ ‘high cost of BIM software licences,’ ‘resistance of industry to change 

from traditional working practices,’ and ‘high initial investment in staff training costs 

of BIM.’ PCA revealed the most significant factor clusters are ‘education and 

knowledge-related barriers,’ ‘project objectives-related barriers,’ and ‘attitude-related 

barriers.’ Awareness of BIM in the MENA region is higher than LC, and LC 



50  

awareness is higher than IPD knowledge. While BIM adoption in the MENA region is 

higher than LC, LC is still taking its first steps and IPD has little implementation. 

LeanBIM is slightly integrated, while LeanIPD integration is almost not present. The 

findings of this chapter lead to the fulfilment of RO5. 

Chapter 8 aims to develop a competency framework for to integrate LC and 

IPD, and critically apprise key drivers (KDs) to integrating LC and IPD on CMPs 

towards FOW global initiatives in multinational engineering organisations. The 

findings of this chapter lead to the fulfilment of RO6. 

Chapter 9 combines the various deliverables and findings from the previous 

chapters to investigate challenges and develop holistic frameworks to manage 

challenges integrating LC practices and IPD on CMPs towards the GID 

transformative initiatives and corporate governance and develop FOW global 

initiatives in contemporary multinational AEC organisations. The findings of this 

chapter lead to the fulfilment of RO7. 

Chapter 10 concludes this thesis by providing a review of the research 

objectives and highlights the significant contributions of the study and discusses 

recommendations for future research. 

The author acknowledges that the convention on numbering for theses, but 

in the context that thesis structure is based on papers, the original paper numbering 

system is retained.  

1.9 Originality/value 

The research findings, conclusion and recommendation and proposed 

framework to integrating LeanIPD&GID, KPIs, and GID strategy placements for 

LeanIPD&GID transformative initiatives and corporate governance to integrating 

LeanIPD&GID on CMPs and FOW global initiatives. This will allow project key 
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stakeholders to place emphasis on managing LeanIPD&GID challenges identified in 

this research and commence GID strategies. The study has provided effective 

practical strategies for enhancing integration of LeanIPD&GID transformative 

initiatives and corporate governance. 

The research findings and the proposed interactions framework will enhance 

the adoption of BIM and LC practices on CMPs and allow project key stakeholders to 

place emphasis on tackling crucial challenges and barriers identified in this research. 

The framework will guide and stimulate research; and as such, the approach adopted 

up to this point is constructive. The identified interactions between BIM and LC on 

CMPs show positive synergies between the two. 

The research findings, conclusion and recommendation and proposed GID 

strategy placements for LeanIPD&GID transformative initiatives and corporate 

governance to integrating LeanIPD&GID on CMPs. This will allow project key 

stakeholders to place emphasis on tackling LeanIPD&GID barriers identified in this 

research and commence GID strategies. The study has provided effective practical 

strategies for enhancing integration of LeanIPD&GID transformative initiatives and 

corporate governance. 

The research findings and the proposed mitigation strategy will enhance the 

application of BIM and LC practices in CMPs and allow project key stakeholders to 

place emphasis on tackling crucial challenges and barriers identified in this research. 

The research also, recommends further hands-on training to increase the integration of 

BIM and LC practices in the AEC industry and to enrich the extant body of 

knowledge in construction of megaprojects. 
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1.10 Chapter summary 

This chapter has presented and discussed the background of the research, 

scope of the study, and the research problems, and stated the research aim and 

objectives. It illustrated the various research approaches adopted and the contribution 

of the study. This chapter also presented the structure of the thesis. The next six 

chapters (Chapters 3 to 9) will introduce via a review of the extant literature the 

concept of BIM, LC and IPD and GID and the LeanIPD&GID transformative 

initiatives and corporate governance in multinational ACE organisations. The next 

chapter will detail the research methodology. 
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2. CHAPTER 2: RESEARCH METHODOLOGY2 

2.1 Chapter overview 

Research objectives were achieved via adoption of ‘mixed research methods’ 

involving a two-stage quantitative and qualitative research approach. This included 

the adoption of an in-depth review of extant literature, pilot studies, Delphi surveys,  

questionnaires surveys, semi-structured interviews and focus group techniques, and 

the use of several statistical analysis tools such as descriptive and inferential statistics 

 
2 This chapter is derived and edited from: 
Evans, M., and Farrell, P., 2022. A strategic framework managing challenges of 

integrating lean construction and integrated project delivery on construction 
megaprojects, towards global integrated delivery transformative initiatives in 
multinational organisations. Journal of Engineering, Design and Technology, 
Vol. ahead-of-print No. ahead-of-print. 

Evans, M., Farrell, P., Elbeltagi, E. and Dion, H., 2021d. Competency framework to 
integrate lean construction and integrated project delivery on construction 
megaprojects: towards a future of work global initiatives in multinational 
engineering organisations. Benchmarking: An International Journal, Vol. 29 
No. 6, pp. 1913-1956. https://doi.org/10.1108/BIJ-02-2021-0066  

Evans, M., Farrell, P., Elbeltagi, E., Dion, H. 2021c. Barriers to integrating lean 
construction and integrated project delivery (IPD) on construction mega-
projects towards the global integrated delivery (GID) in multinational 
organisations: Lean IPD&GID transformative initiatives. Journal of 
Engineering, Design and Technology, Vol. ahead-of-print No. ahead-of-print. 
https://doi.org/10.1108/JEDT-02-2021-0070  

Evans, M., Farrell, P., Mashali, A. and Zewein, W. 2021b. Analysis framework for the 
interactions between building information modelling (BIM) and lean 
construction on construction mega-projects. Journal of Engineering, Design and 
Technology, Vol. 19 No. 6, pp. 1451-1471. https://doi.org/10.1108/JEDT-08-
2020-0328    

Evans, M. and Farrell, P., 2021. Barriers to integrating building information modelling 
(BIM) and lean construction practices on construction mega-projects: a Delphi 
study. Benchmarking: An International Journal, Vol. 28 No. 2, pp. 652-669.  
https://doi.org/10.1108/BIJ-04-2020-0169 

Evans, M., Farrell, P., Mashali, A. and Zewein W., 2021a. Critical success factors for 
adopting Building Information Modelling (BIM) and lean construction practices 
on construction mega-projects: a Delphi survey. Journal of Engineering, Design 
and Technology, Vol. 19 No. 2, pp. 537-556. https://doi.org/10.1108/JEDT-04-
2020-0146  

Evans, M., Farrell, P., Elbeltagi, E., Mashali, A. and Elhendawi, A., 2020b. Influence of 
Partnering Agreements Associated with BIM Adoption on Stakeholder's 
Behaviour in Construction Mega-Projects. International Journal of BIM and 
Engineering Science, 3(1), pp. 1-20. 

Evans, M., Farrell, P. and Mashali, A., 2020a. Influence of partnering on stakeholder's 
behaviour in construction mega-projects. The Journal of Modern Project 
Management, 8(1), pp. 116-137. 
https://journalmodernpm.com/index.php/jmpm/article/view/570 

https://doi.org/10.1108/BIJ-02-2021-0066
https://doi.org/10.1108/JEDT-02-2021-0070
https://doi.org/10.1108/JEDT-08-2020-0328
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https://doi.org/10.1108/JEDT-04-2020-0146
https://journalmodernpm.com/index.php/jmpm/article/view/570
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and structural analysis equation modelling (SEM). The qualitative research 

methodology consists of a literature review to assess challenges to integrate 

LeanIPD&GID on CMPs. In addition, there is an assessment of conceptualisation of 

LeanIPD&GID and GID strategy placements, development of LeanIPD&GID 

integration framework, and future of work (FOW) global initiatives with multiple 

validations. The purpose of the section is to give an overview of each of the different 

stages in conducting the study from a methodology perspective to achieve the 

research aim and its objectives. It will explain in detail the methods, techniques and 

processes that have been utilised in the research. This will include the research design, 

quantitative and qualitative data collection processes, data triangulation, tools, and 

processes as part of the data analysis and finally, presentation of the data findings. 

Validation for the study objectives and the data collection is also explained with 

reference to the review of literature which provides substantiation of the research 

problem and its design. 

2.2 RO1: Research methodology 

A case study is adopted as RO1 methodology. This approach allowed the 

examination of critical topics, understandings, attitudes, and behaviours of various 

key stakeholders inside the environment of a partnering project. One case study is 

selected to represent partnering in a mega infrastructure project in Qatar. The 

challenges in the project are explored, allowing possible developments to be identified 

for application in a broader built environment. The study involves a questionnaire in 

which the questions are built on the conclusions of the literature examination and 

concentrated on accomplishing the objectives of the research (Farrell et al., 2016). 

The questionnaire is divided into four divisions: the first involves the background, the 

second is concerned with the contractor’s organisation, the third focuses on the 
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implementation phase of the project, and the last division focuses on the interviewees’ 

perception and assessment of the experience in partnering agreements or contracts. 

Sample size is important to obtain representative results. The population of 

this study comprised construction engineering practitioners and academics that work 

on CMPs. Galvin’s equation can be used to find the number of interviews required to 

have a stated level of confidence (P) that all the relevant themes which are held by 

proportion (R) of the population will occur within the interview sample (Galvin, 

2015) was employed to establish the recommended sample size. 

𝑛 =
ln(1 − 𝑃)

ln(1 − 𝑅)
 Equation 2.1  

Where 𝑛 is the recommended number of interviews, P is the confidence factor 

(> 95%), R is population proportion (10%). Upon calculating Equation 3.1 using the 

assumed data (𝑛 = ln(1 − 0.95) ln(1 − .1)⁄ ) a sample size of 29 interviewees was 

determined. To facilitate the analysis of the CSFs, all respondents were asked to rate 

to what extent they agreed/disagreed with each of the main factors influencing 

partnering, on a five-point Likert scale ranging from 1 to 5, where 5 represents 

‘Strongly agree’, and 1 represents ‘Strongly disagree’. 

Semi-structured interviews are conducted with a heterogenous cluster 

consisted of seven construction experts from various disciplines in the AEC industry, 

such as the client’s project manager, the consultant’s project manager, the lead 

architect, the construction manager, the contract manager, the planning manager, the 

resident civil engineer, and the engineering manager. The researcher used expert 

judgment to elect professional stakeholders with experience in diverse sorts of 

industry disciplines, comprising partnering and representing clients, main contractors, 

and consultant organisations. Consultations between industry experts and the 

academic researcher were carried out to design and frame the structure and format for 
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the interviews. A ‘pilot’ interview was held to acquire advice on the dataset gathering 

tools and tease out any deficiencies with the approach that was administered and 

designed. However, beyond these two criteria, the sample represents partnering 

procurement through DB contracts, and the industry experts agreed that the sample 

case study was large enough to represent all DB contracts in Qatar since it adopted 

this type of contractual agreement in numerous FIFA 2022 World Cup™ and QNVs’ 

2030 CMPs such as Doha Metro, Lusail LRT, and the New Orbital Highway. 

2.2.1 Case study description  

The case study is for an infrastructure megaproject in Qatar. The project 

comprises more than 37 km of infrastructure works, with an estimated cost of more 

than USD 6 billion. The planned construction period was five years, divided into 

multiple design packages and construction phases. The State of Qatar is a leading 

country in partnering procurement and has a respectable record of delivered projects 

using DB contracts. A contract was signed between the client and a consortium - led 

by the main contractor - to ‘design and build’ DB the infrastructure megaproject. The 

main contractor delivered the resources essential for the appropriate implementation 

towards the timely completion of the project under study. 

The qualitative coding approach was adopted as a sorting basis to categorise 

the individual words of short phrases and to brief large sections of text (Taylor et al., 

2015). Throughout the sorting procedure, coded parts of the text are taken to explain 

and summarise the raw datasets. Coding and semantic words examples such as 

‘informal engagement’; ‘trust’; ‘collaboration’; ‘closer interaction’; ‘good team 

working’; ‘ineffective communication’; ‘leadership’; ‘transparent’; ‘disputes’; 

‘honest’; ‘obstacles’; ‘stakeholder’; and ‘effective communication.’ The raw dataset 

was summarised in tables, CSFs or CFFs are analysed, codes and semantic words are 
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listed, data consistency and discrepancies are observed, and suggestions are presented.  

2.3 RO2: Research methodology 

The RO2 aims at investigating and prioritising CSFs that boost the integration 

of BIM initiatives and LC practices in CMPs. To achieve the research goals, a two-

round Delphi survey of sixteen (16) members categorised in four groups (academics, 

industry practitioners, western experience group, and eastern experience Group) to 

rank the identified CSFs regarding their importance (Tanner, 2018; Grisham, 2009). 

Farrell et al. (2016) and Hasson et al. (2000) suggest that the Delphi technique is 

practical to reach agreement amongst a group of experts. The dataset was composed 

over two rounds to assess, examine, and prioritise the CSFs gathered from the extant 

literature. Taylor et al. (2015) emphasised the importance of the dataset collection 

method approved for research as it influences the accomplishment of the set aims of 

the research. 

The expert panel represented senior-level construction industry practitioners 

and academics based in Qatar. Expert panel members were selected with more than 

fifteen years’ experience in the successful delivery of CMPs; the level of experience, 

software experience, experience with project delivery approaches, and experience 

with different forms of contracts, knowledge of BIM, LC LeanBIM were considered. 

The participants have construction experience in many other countries, including 

Qatar, Bahrain, Spain, Kuwait, China, Egypt, Oman, KSA, the UK Germany, the 

USA, and Canada. The participants were well acquainted with the LC and BIM. This 

indicates that their feedback gives an appropriate idea of the LC, BIM, and LeanBIM 

adoption in CMPs and its limitations. The expert panel was requested to rank the 

thirty (30) identified CSFs that improve incorporation between BIM and LC practice 

towards LeanBIM ultimate synergy in CMPs. Numerous former research studies in 
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the built environment have employed the Delphi survey technique. 

2.3.1 Delphi technique format  

A detailed review of the existing literature formulates the basis of launching 

CSFs that boost integration of BIM tools and LC principles in CMPs. The 

comprehensive literature critical review resulted in identification of thirty (30) factors 

which were converted into a Delphi survey - experimental questionnaire - as well as 

asking precise details about the respondents. Respondents were requested to rate the 

CSFs on a 5‐point Likert scale: 1 = strongly disagree, 2 = disagree, 3 = neutral 4 = 

agree and 5 = strongly agree. Giel and Issa (2016) recommend that cautious election 

and identification of expert panel respondents is critical in achieving a successful 

outcome when using the Delphi technique. Therefore, the research espoused a 

‘purposive sampling technique’ to confirm the invited experts have the necessary 

experience and awareness in LC, BIM and LeanBIM. Targeted respondents were 

selected to fulfil a set of criteria before their invitations, criteria included that each 

much have: (1) extensive leadership and experience in construction industry; (2) 

implemented BIM and utilised LC practices and LeanBIM, and (3) familiarity with 

BIM and LC principles with a strong comprehension of their interrelationships. 

Furthermore, Olawumi et al. (2018a) concluded that a two to three rounds of Delphi 

survey is adequate to achieve the desired agreement from the expert panel. Thus, this 

report accepted a two‐round Delphi survey during a six-month period involving the 

sixteen experts. 

2.3.2 Demographics of Expert’s panel  

The expert panel was established of specialists of industry practitioners and 

academics with eight members from each group. Respondents had construction 

experience in numerous countries, that is, three industry experts from the UK, two 
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from Canada, two from Qatar, two from the USA and one respondent each from 

Spain, Bahrain, Australia, Kuwait, Germany China, and Egypt. The invited experts 

have a comprehensive level of experience in AEC industry with more than 15 to 20 

years of experience in the industry. Moreover, respondents have implemented BIM 

tools and have adopted LC principles in current or previous CMPs in Qatar or 

worldwide. The experts considered adopting BIM initiatives and LC practices in 

buildings and infrastructure megaprojects in Qatar and overseas, which was an 

adequate indication of their deep experience in these two initiatives. 

The Delphi experts represented a wide range of construction key stakeholders 

such as clients, government agencies, engineering firms, main contractors, and real-

estate developers. Likewise, the expert panel encouraged the application of these 

approaches at the planning, design and construction stages of a project. Furthermore, 

a dichotomy ‘West’ vs. ‘East’ group comparison was accepted to allow the expert 

panel responses for advance comparative analysis. The ‘West group’ comprised eight 

specialists from as Canada, Germany, Spain, the UK, the USA, and Australia. The 

‘East group’ is constituted of eight specialists with experience in countries such as 

Qatar, Bahrain, Kuwait, China, and Egypt. 

2.3.3 Methods and statistical tools for data analysis 

The research adopted a series of descriptive and inferential statistical 

procedures to analyse the dataset composed from the expert panel through the two-

rounds of Delphi surveys, followed by comparative analyses between the respondents' 

groups, these include (1) Cronbach's α reliability testing; (2) mean score ranking 

method; (3) Shapiro-Wilk test; (4) Kendall's concordance analysis (5) chi‐squared 

test; (6) inter-rater agreement (IRA); (7) Spearman's ρ rank correlation test; and (8) 

Mann-Whitney analysis. 
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Reliability testing. In order to accomplish the research objectives IBM® SPSS® 

Statistics (SPSS) Version 26 was used. The Cronbach’s α reliability test is mainly 

used to verify the internal consistency or reliability of the construct of the 

questionnaire items under the adopted Likert scale of measurement, the range of the 

Cronbach’s α reliability coefficient is from 0 to 1 (Cronbach, 1951; Nunnally, 1994; 

Hollander et al., 2013). Cronbach’s α is computed from the following Equation 2.2:  

𝛼 =
𝑛

𝑛 − 1
 (1 −

∑ 𝜎𝑖
2𝑛

𝑖=1

𝜎𝑋
2 ) Equation 2.2 

Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each variable, and 

𝜎𝑋
2 is the total variance of the overall score. 

Kendall’s coefficient of concordance (W). The Kendall’s coefficient of 

concordance (W) was employed to measure the agreement of different respondents on 

their rankings regarding CSFs of BIM implementation based on mean values within a 

certain group. The Kendall’s coefficient of concordance measures the agreement of 

the various respondents based on mean values within a particular group (Siegel and 

Castellan, 1988; Hollander et al., 2013). The range of the value of Kendall’s 

coefficient of concordance (W) is from 0 to 1. The higher the value of W, the higher 

the level of consensus among the survey respondents within the group will be (Siegel 

and Castellan, 1988; Legendre, 2005). The value of W is as follows: 

𝑊 =
∑ (𝑅𝑖 − 𝑅)

2𝑛
𝑖=1

𝑛(𝑛2 − 1)/12
, Equation 2.3 

Where 𝑛 is the number of items ranked; 𝑅𝑖 is the average of the ranks assigned 

to the 𝑖𝑡ℎ  item; and 𝑅 is the average of the ranks assigned to all items. 

If the number of variables to be ranked is larger than 7, 𝜒2analysis should be applied 

instead. The rule is that if the calculated 𝜒2 value equals or is higher than the critical 
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value from the table, it shows a particular level of significance and value of degrees of 

freedom (Hollander et al., 2013). The null hypothesis (𝐻0), which indicates the survey 

respondents’ sets of rankings are unrelated or independent to each other within a 

study group, will be rejected. In other words, there is a significant degree of 

agreement on the rankings of the items among the survey respondents within the 

group. The calculated χ2 value with (𝑛 − 1) degrees of freedom is as follows (Siegel 

and Castellan, 1988): 

𝜒2 =  𝜅(𝑛 − 1)𝑊, Equation 2.4 

where 𝑘 is the number of respondents ranking the items, 𝑛 is the number of items 

ranked. 

Spearman’s rank correlation test. The Spearman’s rank correlation coefficient was 

adopted to test the strength of a relationship amongst two sets of rankings (Siegel and 

Castellan, 1988; Hollander et al., 2013). The range of the Spearman’s rank correlation 

coefficient (𝑟𝑠) is from −1to +1 (Hollander et al., 2013). The higher the 

positive/negative value of 𝑟𝑠, the stronger positive/negative linear correlation will be. 

If 𝑟𝑠 = 0, there is no linear correlation at all (Hollander et al., 2013; Field, 2013). If 𝑟𝑠 

is statistically significant at a predetermined significance level (e.g., 5 percent), the 

null hypothesis (𝐻0) stating no significant correlation between the two groups on 

rankings can be rejected. In other words, there is no significant disagreement between 

the two groups on the ranking exercise. The following Equation 2.5 calculates the 𝑟𝑠: 

𝑟𝑠 = 1 −
6 ∑ 𝑑2

𝑛(𝑛2 − 1)
, 

Equation 2.5 

where 𝑑 is the difference in ranks of the two groups for the same item, 𝑛 is the total 

number of responses regarding that item. 

Mann–Whitney U test. The Mann-Whitney U test was adopted to determine any 
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divergences in the median values of the same item among two selected respondent 

groups (Hollander et al., 2013). The Mann-Whitney U test is used to determine any 

statistically significant differences or divergences in the median values of the same 

item between any two selected respondent groups (Hollander et al., 2013). The rule is 

that if the calculated p-value is less than the allowable significance level (e.g., 0.01), 

the null hypothesis (𝐻0), stating no significant differences in the median values of the 

same item between the two survey groups, can be rejected (Siegel and Castellan, 

1988). 

Inter‐Rater Agreement (IRA). LeBreton and Senter (2007) recommended 

implementation of (IRA) (𝑎𝑤𝑔) technique to check the strength of the consensus 

between ‘interrater’, The formula for assessing the IRA statistics for each CSFs is 

indicated in Equation 2.6: -  

𝒶𝑤𝑔=1 − (2 × 𝑆𝐷2) [ℎ + 𝑙]𝜇 − 𝜇2 − (ℎ × 𝑙)] × (𝜅 (𝜅 − 1)⁄ )⁄  Equation 2.6 

Where SD characterises the standard deviation for each factor, l the minimum 

possible value of the scale, i.e., 1, h the maximum possible value of the scale, i.e. 5, 𝜅 

the number of respondents, i.e. 8 for the first round and 8 for the second round, and μ 

the mean of all responses against a factor. The mean scores, μ, should range between 

the boundaries, which can be calculated using the following Equation 2.7 and 

Equation 2.8. μmin and μmax for the for the second round were 1.5 and 4.5, 

respectively:  

𝜇𝑚𝑖𝑛 = [𝑙(𝑘 − 1) + ℎ]/𝜅 Equation 2.7 

 

𝜇𝑚𝑎𝑥 = [ℎ(𝑘 − 1) + 𝑙]/𝜅 Equation 2.8 
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2.4 RO3: Research methodology 

The RO3 aim is to evaluate the barriers to the integration of BIM and LC 

principles. The objectives are: (1) to investigate existing literature and review the 

barriers to BIM and LC implementation; (2) to order and prioritise barrier factors 

according their significance levels; and (3) to commence a comparative analysis of 

LeanBIM applications between respondents’ groups. The research outcomes will 

support key stakeholders in the construction industry such as governments, clients, 

engineers, real-estate developers, owners, and construction project teams that expect 

to adopt BIM and LC implementation. A two-round Delphi survey was undertaken 

with four (4) respondent groups (Academics, Industry Practitioners, western 

experience group, and eastern experience Group) to rank the recognised barriers 

according to their significance. Farrell et al., (2016) and Hasson et al., (2000) suggest 

that the Delphi technique is practical to reach agreement amongst a group of experts. 

While the Delphi technique is recommended in similar situations, Evans et al. (2021c) 

adopted a Delphi technique to investigate the CSFs that enhance integration between 

BIM and LC practices on CMPs. A data set was composed over two rounds of Delphi 

surveys to assess, examine, and prioritise barriers to integrating BIM and LC gathered 

from the extant literature (Hsieh and Shannon, 2005; Grisham, 2009).  

The expert panel consisted of sixteen (16) members representing senior-level 

construction industry practitioners and academics that are based in Qatar. The expert 

panel members were selected with more than fifteen years of experience of successful 

delivery of CMPs, their level of experience, proficiency in project delivery methods, 

software familiarity, and experience with various forms of contracts; knowledge of 

BIM, LC LeanBIM were also considered. The experts represented a wide range of 

construction key stakeholders such as clients, government agencies, engineering 
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firms, main contractors, and real-estate developers. The participants had plenty 

awareness of the LC, BIM and LeanBIM. This indicated that their responses shape 

suitable ideas of the LC, BIM, and LeanBIM adoption in CMPs and its limitations. 

Numerous former research studies in the construction industry have employed the 

Delphi survey technique (Giel and Issa, 2016). Hasson et al. (2000) established a 

performance measurement indicator for construction projects.  

A detailed review of the existing literature formulates the basis of launching 

CBFs that hinders integration of BIM tools and LC towards a Lean BIM synergy and 

philosophy in the built environment. A comprehensive critical literature review 

resulted in identification of twenty-eight (28) factors and converted into a Delphi 

survey - experimental questionnaire - as well as asking for demographic details about 

respondents. Respondents were requested to rank the CBFs on a 5‐point Likert scale: 

1 = strongly disagree, and 5 = strongly agree.  

Statistical approaches deployed comprise reliability testing procedures such as 

‘Cronbach's α’, ‘Shapiro-Wilk’ test of normality, and mean score ranking. Consensus 

analysis was conducted using numerous statistical techniques encompassing mean 

score ranking, Kendall’s coefficient of concordance, χ2analysis, ‘Spearman's ρ’ 

correlation test, and IRA. In order to accomplish the research objectives IBM® 

SPSS® Statistics (SPSS) Version 26, Microsoft® Excel, Microsoft® Word software 

were used. 

2.5 RO4: Research methodology 

To achieve RO4, a two-stage research methodology is adopted. Stage1 is 

qualitative research and Stage 2 is quantitative. Figure 2.1 demonstrates RO4 research 

methodology stages 
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Figure 2.1: RO4 research methodology (Evans et al., 2021b) 

2.5.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step research methodology 

as suggested by Farrell et al. (2016). Step 1.1 consists of a detailed review of the 
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existing literature, which formulates the basis of investigating LC principles and BIM 

functionalities with a focus on LeanBIM interrelations. Step 1.2 includes the critical 

review determining interactions that occur when adopting LC and BIM jointly; 

‘LeanBIM.’ Moreover, LC principles and BIM functionalities that contribute to 

LeanBIM interrelations from existing literature reviews. Step 1.3 based on the critical 

review, outcomes were piloted with six industry expert practitioners and senior 

academic researchers through semi-structured face-to-face interviews, to validate 

determined factors and interactions. The response from professionals highlighted a 

lack of systematic exploration of all parameters in the literature, and mixing concepts 

from production, quality, sustainability, and safety, and led to a repeat of steps 1.2 and 

1.3 for multiple validations. In step 1.4, there was an introduction of frameworks for 

the interactions between BIM and LC on CMPs, the research introduced a LeanBIM 

interaction matrix consisting of ten-LC principles (10LC, PR) and ten-BIM 

functionalities(10BIM, FN), and a LeanBIM interaction matrix involving four-LC 

principles areas (4LC, A) and four-BIM Functionalities Groups(4BIM, G). Step 1.5 

encompasses multiple validations of the proposed LeanBIM interaction matrices to 

ensure that proposals aligned with the construction industry, and they were refined to 

exclude irrelevant parameters and shortfalls. Through a focus group technique, the 

proposed LeanBIM interaction matrices were validated by eleven professionals - 

seven industry experts and four academic researchers - to qualify their relevance, 

correlation, logic, and importance to the construction industry, specifically to CMPs. 

A focus group can be defined as: “a carefully planned discussion designed to obtain 

perceptions on a defined area of interest in a permissive, non-threatening 

environment” (Sink, 1991). Focus groups can be self-contained as a complete study or 

validate other qualitative methods. Focus group techniques provide external validation 
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(Morgan, 1996; Morgan et al., 1998). Respondents were requested to evaluate the 

proposed LeanBIM interaction matrices on a 5‐point Likert scale: 1 = strongly 

disagree, 2= disagree, 3 = neutral, 4 = agree and 5 = strongly agree. Steps 1.3 and 

1.4 were repeated for multiple validation and improvements. The semi-structured 

face-to-face interview approach and focus group technique was adopted since it 

indicates a high degree of reliability, high level of item response rate, and gives 

opportunity to interviewers to explain complex questions and mitigate inappropriate 

responses (Sturges and Hanrahan, 2004; Morgan, 1996; Morgan et al., 1998). The 

experts selected for both semi-structured interviews and the focus group represented 

senior-level construction industry practitioners and academics that are based in Qatar. 

Experts were selected with more than fifteen years of experience of successful 

delivery of CMPs, the level of seniority in experience, proficiency in project delivery 

methods, software familiarity, experience with various forms of contracts, and 

knowledge of BIM LC, and LeanBIM. The participants have construction experience 

in many other countries, including, Qatar, Bahrain, Kuwait, Oman, KSA, Egypt, 

China, Germany, Spain, UK, Canada, and the USA. The participants have awareness 

of LC, BIM and LeanBIM. This indicated that their response shapes a suitable idea of 

the LC, BIM, and LeanBIM adoption in CMPs and its limitations. 

2.5.2 Stage 2: Quantitative research methodology 

Stage 2 encompasses a four-step quantitative research methodology. Step 2.1 

comprises the design of a survey based on the validated LeanBIM interactions in 

Stage 1of the research (Step 1.5). Table 6.1 includes ten-LC principles and ten-BIM 

functionalities, Table 6.2 details four-LC principles areas and four-BIM 

functionalities groups. Step 2.2 involves the pilot survey and identification of 

respondents. Step 2.3 is the collection of data. Step 2.4 comprises analysis, evaluation, 
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and discussion of results. 

2.5.3 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on respondents such as areas of expertise, relevant 

experience, current position within their organisations and size of projects on which 

they work. Additionally, the degree of awareness of BIM and LC practices was 

determined. The second section detailed the identified LC principles, BIM 

functionalities and LeanBIM interactions in CMPs that came from the literature and 

the interviews. 

Each of the BIM functionalities and LC principles were organised into groups. 

Similar to the rating scale used in step 1.5 for the focus groups, respondents were 

asked to rate the factors on a 5-point Likert scale: 1 = strongly disagree, … 5 = 

strongly agree. Respondents were given the opportunity to add any additional factors 

or remarks at the end of the questionnaire. 

Sample size is important to obtain representative results. The population of 

this study comprised construction planners that work on projects with repetitive 

activities. Cochran’s sample size formula for categorical data (Cochran, 2007) was 

employed to establish the sample size that is seeking the maximum possible responses 

within affordability.  

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 2.9 

where 𝑛 is the initial sample size estimate, 𝑡 is the confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is the 

margin of error (0·1). Upon calculating Equation 6.1 using the assumed data (𝑡 = 

1·96, 𝑝 = 0·5, 𝑞 = 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 
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The responses were obtained through an on-line questionnaire designed using 

‘Google Forms’ and distributed using various modern communication tools. In 

addition, requests were sent to practitioners from professional networks and mailing 

lists such as email, LinkedIn, and Microsoft® Teams. To ensure compliance with 

ethical protocols, a note preceded the questionnaire to provide guidance on the aims 

and objectives of the research, the estimated duration to complete, to assure 

participants of their anonymity and confidentiality, and to advise that a reply was not 

compulsory. A research ethics checklist was also used to ensure there was no breach 

of institutional codes. It was deemed there was no requirement to refer the data 

collection instrument for board approval, and informed consent was implied by 

participation. Requests were sent to 161 construction industry professionals, and there 

were 98 replies from those with a variety of responsibilities such as owners, 

consultants, contractors, and subcontractor organisations. The requests were sent to 

construction industry practitioners in CMPs in Qatar and Gulf Cooperation Council 

(GCC) countries, with good knowledge of BIM and LC practices (Farrell et al., 2016, 

Hasson et al., 2000). Fellows and Liu (2015) indicate that ‘large number statistics 

require n ≥ 32. Given that 98 responses were received, it is asserted that results from 

the sample can be used to make valid inference back to the population. The response 

rate was 60%. 

2.5.4 Summary of respondent demographics 

This section describes and analyses survey respondents’ demographics. The 

majority of the survey respondents are from contractor organisations (52, 53.1%), 

with the remainder from consultant organisations (16, 16.3%), clients (17, 17.3%), 

subcontractors (7, 7.1%) and academics (6, 6.2%). The diversity of the respondent 

groups allows for the capture of differing views from different perspectives. 
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Moreover, on average, respondents have gained more than fifteen years of working 

experience in the construction industry. This justifies an argument that respondents 

not only have theoretical knowledge of operations in the AEC industry, but they have 

brought such knowledge into practice. 

2.5.5 Data analysis statistical tools 

Several statistical tools and methods were employed in analysing the data 

collected. These include:(1) Cronbach’s alpha (α) reliability test; (2) Mean score 

ranking and standard deviation (SD); and (3) Analysis of variance (ANOVA). In 

order to accomplish the research objectives IBM® SPSS® Statistics (SPSS) Version 

26, Microsoft® Excel, and Microsoft® Word software were used. 

Reliability testing. The Cronbach’s α reliability test is mainly used to verify 

the internal consistency or reliability of the construct of questionnaire items under the 

adopted Likert scale of measurement. The range of the Cronbach’s α reliability 

coefficient is from 0 to 1; it implies that the larger the α-value, the better the reliability 

of the scale or the generated result (Cronbach, 1951; Nunnally, 1994; Hollander et al., 

2013; Field, 2013). Cronbach’s α is computed from Equation 2.10: 

𝛼 =
𝑛

𝑛 − 1
(1 −

∑ 𝜎𝑖
2𝑛

𝑖=1

𝜎𝑋
2 ) Equation 2.10 

Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each 

variable, and 𝜎𝑋
2 is the total variance of the overall score. 

Analysis of variance (ANOVA) test. ANOVA is an inferential statistical tool 

used to determine whether any statistically significant differences exist between the 

scores of two or more independent data groups. ANOVA requires typically distributed 

data points (Field, 2013). 
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2.6 RO5: Research methodology 

The RO5 attempts to investigates barriers to integrating LC practices and IPD 

on CMPs towards the GID transformative initiatives and corporate governance in 

contemporary multinational AEC organisations. It compares the research aim, 

objectives and characteristics with the aim, objectives, and characteristics of different 

research approaches (Farrell et al., 2016).  This research is both descriptive and 

inferential in nature and adopts an applied approach to achieve its aim and objectives. 

Quantitative and qualitative techniques were used for data collection and analysis. 

Semi-structured face-to-face interviews and the focus group technique via video 

conference communications was adopted since it indicates a high degree of reliability, 

high level of item response rate, and gives opportunities to interviewers to explain 

complex questions and mitigate inappropriate responses (Farrell et al., 2016). Semi-

structured face-to-face interview are discussions, usually one-on-one between 

interviewers and interviewees, meant to gather information on a specific set of topics, 

while focus groups are dynamic group discussions used to collect information 

(Harrell, and Bradley, 2009). This strategy reduces the risk and bias associated with 

using specific methods (Fellows and Lui, 2015; Farrell, 2016; Bernard, 2000). To 

achieve the research goals, a two-stage research methodology is adopted. Stage1 is 

qualitative research and Stage2 is quantitative. Figure 2.2 demonstrates RO5 research 

methodology stages. 
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Figure 2.2: RO5 research methodology (Evans et al., 2021c) 
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2.6.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step research methodology 

as suggested by Farrell et al. (2016). Step 1.1 comprehensive literature review to 

define key parameters and criteria affecting barriers to integrating LC practices and 

IPD on CMPs towards the GID transformative initiatives and corporate governance in 

contemporary multinational AEC organisations. Step 1.2 identify barriers to 

integrating LC, BIM, LeanBIM, IPD, LeanIPD and GID and integrate barriers to 

LeanIPD&GID into structured factor clusters. Evans and Farrell (2020) carried out 

research to investigate CBFs that hinders integration between BIM and LC practices 

on CMPs and adopted a Delphi technique. Research identified 28 barriers to 

integrating LeanIPD&GID on CMPs which were then categorised into six factor 

clusters. Step 1.3 based on the critical review, outcomes were piloted with eight 

industry expert practitioners and senior academic researchers through semi-structured 

face-to-face interviews and the focus group technique to validate determined factors 

and interactions (Farrell, 2016; Taylor et al., 2015; Harrell, and Bradley, 2009). The 

response from professionals highlighted a lack of systematic exploration of all 

parameters in the literature, and mixing concepts from production, quality, 

sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for multiple 

validations. In step 1.4, there was conceptualisation, definition, and redefinition of 

BIM, LC, LeanBIM, IPD, LeanIPD and GID. Step 1.5 encompasses multiple 

validations of concepts and GID strategy placements through semi-structured face-to-

face interviews and focus group technique. Concepts and GID strategy placements 

were validated by ten professionals - six industry experts and four academic 

researchers - to qualify their relevance, correlation, logic, and importance to the 

construction industry, specifically to CMPs. GID strategy placements encompass 
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definition, benefits, and integration between business units, geographic location, 

cultural difference, time zone leverages and analytics and cost comparison to identify 

the best locations for business units in GID. The experts selected for both semi-

structured interviews and the focus group represented senior-level construction 

industry practitioners and academics based in Qatar. Experts were selected with more 

than fifteen years of experience of successful delivery of CMPs, the level of seniority 

in experience, proficiency in project delivery methods, software familiarity, 

experience with various forms of contracts, and knowledge of BIM, LC, LeanBIM, 

IPD, LeanIPD and GID. The participants have construction experience in many other 

countries, including, Qatar, Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, 

Spain, UK, Canada, and the USA. The participants have awareness of LC, IPD and 

LeanIPD. This indicated that their responses shape a suitable idea of the LC, IPD, and 

LeanIPD adoption in CMPs and its limitations. 

2.6.2 Stage 2: Quantitative research methodology 

Stage 2 encompasses a four-step quantitative research methodology. Step 2.1 

comprises the design of a survey based on the literature review in Stage 1of the 

research (Step 1.1). Table 7.3 lists barriers to integrating LeanIPD&GID on CMPs, 

while Table 7.4 structured factor clusters of LeanIPD&GID integration barriers. Step 

2.2 involves the pilot survey and identification of respondents. Step 2.3 is the 

collection of data. Step 2.4 comprises analysis, evaluation, and discussion of results. 

2.6.2.1 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on participants such as areas of expertise, relevant 

experience, current position within their organisations and the size of projects that 

they are involved in. Additionally, the degree of awareness of BIM, LC practices and 
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IPD principles, and the extent of implementation and integration of BIM, LC, 

LeanBIM, IPD and LeanIPD on largest current project (Tanner, 2018; Taylor et al., 

2015). The second section reflected barriers in integration between LeanIPD&GID on 

CMPs that came from literature and interviews (Malhotra and Dash 2019). 

The 28 identified barriers to integrating LeanIPD&GID on CMPs, which were 

organised into six factor clusters (Farrell, 2016; Brown and Hauenstein, 2005; 

Fellows and Liu, 2015). Participants were asked to rate factors on a 7-point Likert 

scale: 0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or 

don’t know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. Participants 

were given the opportunity to add any additional factors or remarks at end of the 

questionnaire. Scores are developed on the Likert scale, developed by the American 

Psychologist Rensis Likert (1903-1981). The seven-point Likert scale has been shown 

to be more accurate, easier to use, and a better reflection of a respondent’s true 

evaluation. In light of all these advantages, even when compared to higher-order 

items, 7-point items appear to be the best solution for questionnaires such as those 

used in perception evaluations. Whether academic and industry practitioners are 

developing a new summative scale, a satisfaction survey, or a simple one-item post-

test evaluation item, accordingly, research adopted to use a 7-point rather than a 5-

point scale (Farrell et al., 2016). 

Sample size is important to obtain representative results. The population of 

this study comprised construction experts that have experience in BIM, LC, 

LeanBIM, IPD, LeanIPD and LeanIPD&GID on CMPs. Cochran’s sample size 

formula for categorical data (Cochran, 2007) was employed to establish the sample 

size that is seeking maximum possible responses within affordability. 



76  

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 2.11 

where 𝑛 is initial sample size estimate, 𝑡 is confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is margin 

of error (0·1). Upon calculating Equation 7.1 using assumed data (𝑡 = 1·96, 𝑝 = 0·5, 𝑞 

= 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an online questionnaire designed using 

‘Google Forms’ and distributed using various tools; i.e., email, LinkedIn, WhatsApp 

and Microsoft Teams. To ensure compliance with ethical protocols, a note preceded 

the questionnaire to provide guidance on aims and objectives of research, estimated 

duration to complete, to assure participants of their anonymity and confidentiality, and 

to advise that reply was not compulsory. A research ethics checklist was also used to 

ensure there was no breach of institutional codes. It was deemed there was no 

requirement to refer data collection instrument for board approval, and informed 

consent was implied by participation. Requests were sent to 383 industry 

practitioners, and there were 230 (60%) replies from those with a variety of 

responsibilities such as owners, consultants, contractors, and subcontractor 

organisations. Fellows and Liu (2015) indicated that “large number statistics require 𝑛 

≥ 32; and a usable data set of 100 responses for factor analysis;” given that 230 

responses were received, it is asserted that results from sample can be used to make 

valid inference back to the population. The requests were sent to construction industry 

practitioners in CMPs in Qatar, GCC countries, and the MENA region with good 

knowledge of BIM, LC, LeanBIM, IPD, LeanIPD and LeanIPD&GID (Farrell, 2016, 

Hasson et al., 2000, Grisham, 2009). 

2.6.2.2 Data analysis statistical tools 

Several statistical tools and methods were employed in analysing the data 
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collected in course of the study. These include:(1) Cronbach’s alpha (α) reliability 

test; (2) ‘Shapiro-Wilk’ test of normality; (3) mean score ranking and standard 

deviation (SD); (4) inferential statistical tests such as ANOVA, post-hoc Tukey’s tests 

and correlation analysis; (5) percentage score analysis, and (6) factor analysis - 

principal component analysis (PCA) - and factor clusters significant (Farrell, 2016, 

Fellows and Liu, 2015; Field, 2018; Fang et al., 2004; LeBreton and Senter, 2008). To 

accomplish research objectives IBM® SPSS® Statistics (SPSS) Version 27, 

Microsoft® Excel, Microsoft® Word software were used. 

Reliability testing. The Cronbach’s α reliability test is mainly used to verify 

internal consistency or reliability of construct of the questionnaire items under the 

adopted Likert scale of measurement. The range of Cronbach’s α reliability 

coefficient is from 0 to 1, it implies that the larger the α-value, the better the reliability 

of the scale or the generated result (Cronbach, 1951; Nunnally and Bernstein, 1994; 

Hollander et al., 2014; Field, 2018). Nunnally and Bernstein (1994) recommended a 

minimum Cronbach’s α value of 0.70.  

Mean score ranking and standard deviation. The arithmetic mean is a measure 

of central tendency which indicates the average values of a set of figures (Equation 

7.3). While SD (Equation 7.4) is a quantitative measure of the differences of each 

value from the mean and it is a measure of variability. A low SD indicates that the 

values are close to the mean, whereas a high SD implies the data points are spread out 

over a large range of values.  

𝑋 =
∑ 𝑥

𝑛
 Equation 2.12 

𝑆𝐷 = √∑(𝑥 − 𝑋)
2

𝑛 − 1
 Equation 2.13 

Where 𝑋  = mean score;  
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∑ 𝑥 = aggregated score of a set of values;  

𝑥 = individual factor value;  

𝑛 = number of values (this is, the number of respondents in this study); 

𝑆𝐷 = Standards deviation;  

For the mean ranking, if two or more factors have the same mean value, the SD values 

are used to rank them; the factor with the lower SD value is ranked higher, however, 

if they have the same mean and SD value, they will have the same rank (Hollander et 

al., 2014; Field, 2018) 

Analysis of variance (ANOVA) test. The ANOVA is an inferential statistical 

tool used to determine whether any statistically significant differences exist between 

the means of two or more independent data groups. Parametric ANOVAs requires 

normally distributed data points (Field, 2018). The post-hoc Tukey’s test is regarded 

as a posteriori test because it is only needed to confirm and reveal where the 

differences occurred between groups after an ANOVA analysis has identified 

statistically significant different groups. 

Percentage score analysis. A score on a 0-100-point scale. The percentage 

score for questions and individual participants can be calculated according to (Farrell 

et al., 2016), for ease of interpretation. On the seven-point scale of 0 (very strongly 

disagree) to 6 (very strongly agree), very strongly disagree becomes 0% and very 

strongly agree becomes 100%. The intermediate points are 1 = approximately 16%, 2 

= 33%, 3 = 50%, 4= 67% and 5 = 84%. Similar principles are used in the multiple 

scoring scale. An overall low percentage score thus indicates disagreement, and high 

score indicates agreement. 
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2.6.3 Factor analysis 

The study adopted factor analysis to reduce a large number of the barrier 

factors to a relatively set of variables by investigating the interrelationships between 

the variables (Hair et al., 2010). There are two types of factor analysis, principal 

component analysis (PCA) and Promax rotation method (Thompson, 2004); the PCA 

was used in this study. According to Field (2018), factor analysis - PCA - is a 

statistical technique used to identify the underlying clustered factors that define the 

relationships among sets of interrelated variables; and can be used to interpret 

‘nonrelated clusters’ of factors (Fang et al., 2004), and explain complex concepts 

(Thompson, 2004). Meanwhile, before subjecting the 28 barriers to integrate 

LeanIPD&GID on CMPs to factor analysis, a Pearson correlation analysis was 

conducted as recommended by Field (2018) and Hair et al. (2010) who noted that 

these statistical method helps to eliminate the existence of any multiplier effects 

among the variables. Hence, the correlations of these factors were assessed. The PCA 

was conducted using the varimax rotation method (an orthogonal rotation method) on 

the twenty-eight non-correlated barriers to integrate LeanIPD&GID on CMPs from a 

sample of 230 responses. 

2.6.4 Summary of respondent demographics 

This section describes and analyses the study’s questionnaire survey form 

regarding the respondents’ demographics. The respondents are from 23 countries 

working under diverse organisational types. The majority of survey participants are 

from consultant organisations (98, 42.61%), with the remaining respondents from 

contractors (72, 31.30%), clients (39, 16.96%) and academics (21, 9.23%). The 

diversity of the respondents’ groups allows the capture of differing views from 

different perspectives. Moreover, on average, the respondents had more than fifteen 
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years of working experience in construction. This result explains the fact that 

respondents not only have theoretical knowledge of operations in AEC industry, but 

they have brought such knowledge into practice. Respondents were classified 

according to their career level: senior management (19, 8.26%), managers (56, 

24.25%), senior level resident engineers or client’s consultants (97, 42.17%), mid-

level engineering (35, 15.22%) and junior level engineering (23, 10.00%). 

2.7 RO6: Research methodology 

This RO6 adopted ‘mixed research methodologies’ involving both descriptive 

and inferential statistics and adopts an applied approach to achieve its aim and 

objectives (Farrell et al., 2016). Quantitative and qualitative techniques were used for 

data collection and analysis. Data collection is a principal activity in the research 

process. Data were collected from different sources, using different methods to 

achieve the objectives. This is known as ‘triangulation’, which increased reliability 

and validity by verifying findings of data from one source with other sources. This 

strategy reduces the risk and bias associated with using specific methods (Fellows and 

Lui, 2015; Farrell, 2016; Bernard, 2000). Semi-structured face-to-face interviews and 

the focus group technique using video conference communications was adopted since 

it indicates a high degree of reliability, high level of item response rate, and gives 

opportunity to interviewers to explain complex questions and mitigate inappropriate 

responses (Farrell et al., 2016). Semi-structured face-to-face interviews are 

discussions, usually one-on-one between interviewers and interviewees, meant to 

gather information on a specific set of topics, while focus groups are dynamic group 

discussions used to collect information (Harrell, and Bradley, 2009). This strategy 

reduces the risk and bias associated with using specific methods (Fellows and Lui, 

2015; Farrell, 2016; Bernard, 2000). 
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According to Farrell et al. (2016) it is argued that the best studies comprise the 

analysis of both qualitative and quantitative data. The qualitative analysis may come 

first, speaking to people, teasing out issues and problems.  The quantitative analysis 

follows, using numerical data to test hypotheses. The researcher may then revert back 

to more qualitative data gathering to help in interpreting results and findings from the 

quantitative tests.  The review of the theory and the literature, at the early part of the 

study may be considered to be a qualitative analytical tool, although the review may 

also include some quantitative analysis.  Using both qualitative and quantitative 

approaches in a study can be called ‘mixed methods’ or ‘methodological 

triangulation’ (Clarke and Cresswell, 2008). A ‘mixed methods’ or ‘methodological 

triangulation’ has been adopted for this study. Objective or positivist research lies at 

one end, and seeks to establish facts about the world.  Subjective or interpretivist 

research lies at the other, and seeks to explain why things are as they are. The 

framework is illustrated in Figure 2.3 and includes a common thread of research 

paradigms that suggested for this study (Farrell et al., 2016). To achieve the research 

goals, a two-stage research methodology is adopted. Stage1 is qualitative research and 

Stage 2 is quantitative.  
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Figure 2.3: RO6 research methodology (Evans et al., 2021d) 

 

Stage 1: Qualitative research

Step 1.1: Literature review

Step 1.2: Identify KDs to integrate LC, BIM, 
LeanBIM, IPD, LeanIPD, GID & FOW concepts

Step 1.3 External validation
(Focus group & semi-structured interviews)

Step 1.4:  § Propose conceptualisation, define, 
redefine BIM, LC, LeanBIM, IPD, LeanIPD and 

GID
§ FOW global initatives

§ Competency framework

Step 1.5: External validation of  concepts, FOW 
global initatives & competency framework
(Focus group technique & semi-structured 

interviews)

Stage 2: Quantitative research

Step 2.1: Survey design

Step 2.2: Pilot survey & identify participants

Step 2.3: Collect data

Step 2.4: Analysis, evaluation and 
discussion of results
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2.7.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step research methodology 

as suggested by Farrell et al. (2016). Step 1.1 is a comprehensive literature review to 

define key parameters and criteria affecting KDs to integrate LC practices and IPD on 

CMPs working towards the FOW global initiatives in contemporary multinational 

AEC organisations. Step 1.2 identifies KDs to integrate BIM, LC, IPD, LeanBIM, 

LeanIPD, and LeanIPD&GID. Research identified 30 KDs to integrate 

LeanIPD&GID. Identified KDs were then categorised into five factors clusters (FCs) 

1 to 5. These FCs are used to develop a questionnaire to quantify their relative 

importance. Step 1.3 is based on the critical review, and outcomes were piloted with 

eight industry expert practitioners and senior academic researchers through semi-

structured face-to-face interviews and the focus group technique to validate 

determined KDs and CFs (Farrell, 2016; Taylor et al., 2015; Harrell, and Bradley, 

2009). The response from professionals highlighted a lack of systematic exploration 

of all parameters in the literature, and mixing concepts from production, quality, 

sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for multiple 

validations. In step 1.4, there was conceptualisation, definition, and redefinition of 

BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID, competency framework, and 

FOW global initiatives. Step 1.5 encompasses multiple validations of concepts and 

FOW global initiatives through semi-structured face-to-face interviews and the focus 

group technique. Concepts and FOW global initiatives were validated by ten 

professionals - six industry experts and four academic researchers - to qualify their 

relevance, correlation, logic, and importance to the construction industry, specifically 

to CMPs. FOW global initiatives encompass definition, benefits, and integration 

between business units, cultural difference. The experts selected for both semi-
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structured interviews and the focus group represented senior-level construction 

industry practitioners and academics based in Qatar. Experts were selected with more 

than fifteen years of experience of successful delivery of CMPs, the level of seniority 

in experience, proficiency in project delivery methods, software familiarity, 

experience with various forms of contracts, and knowledge of BIM, LC, and IPD. The 

participants have construction experience in many other countries, including, Qatar, 

Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, Spain, UK, Canada, and the 

USA. The participants have awareness of BIM, LC, and IPD. This indicated that their 

responses shape a suitable idea of the BIM, LC, IPD, LeanBIM, LeanIPD, and 

LeanIPD&GID adoption in CMPs and its limitations. 

2.7.2 Stage 2: Quantitative research methodology 

Stage 2 involves a four-step quantitative research methodology. Step 2.1 

includes the design of a survey based on the literature review in Stage 1of the research 

(Step 1.1). Step 2.2 involves the pilot survey and identification of respondents. Step 

2.3 is the collection of data. Step 2.4 comprises analysis, evaluation, and discussion of 

results. Data collection was based on the literature review and survey questionnaire. 

Firstly, the literature review used textbooks, academic and peer-reviewed journals, 

conference and seminar proceedings, dissertations and theses, organisations and 

government publications, to examine the nature of the construction industry, BIM, 

LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. Secondly, results of a survey 

questionnaire conducted with a representative sample of professionals in CMPs were 

presented and analysed to investigate the perception of practitioners towards the 

challenges of the integration between BIM, LC and IPD towards GID transformative 

initiatives and corporate governance. 

A pilot study of the survey was tested to determine its effectiveness and 
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problems. The literature review outcomes are piloted on five construction industry 

practitioners and three academics who specialised in construction management from 

Gulf Cooperation Council (GCC) countries during semi-structured face-to-face 

interviews, and via video conference communications (Farrell et al., 2016). 

Construction industry practitioners are asked to validate relevance of identified 

challenges and propose additional related parameters that were overseen. After going 

over the responses of the preliminary test and making changes, the questionnaire was 

ready for formal testing (Farrell et al., 2016). 

2.7.2.1 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on participants such as areas of expertise, relevant 

experience, current position within their organisations and the size of projects that 

they are involved in. Additionally, the degree of awareness of BIM, LC and IPD 

practices (Tanner, 2018; Taylor et al., 2015). The second section reflected KDs in the 

integration between BIM, LC and IPD in CMPs that came from literature and the 

interviews (Malhotra and Dash 2019). 

The 30 identified KDs to integrate LeanIPD&GID on CMPs were organised 

into five FCs (Farrell, 2016; Brown and Hauenstein, 2005; Fellows and Liu, 2015). 

Participants were asked to rate the factors on a 7-point Likert scale: 0 = very strongly 

disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or don’t know, 4 = agree, 5 

= strongly agree and 6 = very strongly agree. Scores are developed on the Likert 

scale, developed by the American Psychologist Rensis Likert (1903-1981). The 

seven-point Likert scale has been shown to be more accurate, easier to use, and a 

better reflection of a respondent’s true evaluation. In light of all these advantages, 

even when compared to higher-order items, seven-point items appear to be the best 
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solution for questionnaires such as those used in perception evaluations. Whether 

academic and industry practitioners are developing a new summative scale, a 

satisfaction survey, or a simple one-item post-test evaluation item, accordingly, 

research adopted to use a seven-point rather than a five-point scale (Farrell et al., 

2016). 

Sample size is important to obtain representative results. The population of 

this study comprised construction experts that has experience in BIM, LC and IPD on 

CMPs. Cochran’s sample size formula for categorical data (Cochran, 2007) was 

employed to establish the sample size that is seeking the maximum possible responses 

within affordability. 

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 2.12 

where 𝑛 is the initial sample size estimate, 𝑡 is the confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is the 

margin of error (0·1). Upon calculating Equation 2.14 using the assumed data (𝑡 = 

1·96, 𝑝 = 0·5, 𝑞 = 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an online questionnaire designed using 

‘Google Forms’ and distributed using various tools i.e., email, LinkedIn, WhatsApp, 

and Microsoft Teams. To ensure compliance with ethical protocols, a note preceded 

the questionnaire to provide guidance on the aims and objectives of the research, the 

estimated duration to complete, to assure participants of their anonymity and 

confidentiality, and to advise that reply was not compulsory. A research ethics 

checklist was also used to ensure there was no breach of institutional codes. It was 

deemed there was no requirement to refer the data collection instrument for board 

approval, and informed consent was implied by participation. Requests were sent to 

372 industry practitioners, and there were 226 (60.75%) replies from those with a 
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variety of responsibilities such as owners, consultants, contractors and subcontractor 

organisations. Fellows and Liu (2015) indicate that ‘large number statistics require 𝑛 

≥ 32; and a usable data set of 100 responses for factor analysis.’ Given that 226 

responses were received, it is asserted that results from the sample can be used to 

make valid inference back to the population. The requests were sent to construction 

industry practitioners in CMPs in Qatar, GCC countries and the MENA region with 

good knowledge of LC practices, BIM tools and IPD (Farrell, 2016; Hasson et al., 

2000; Grisham, 2009). 

2.7.2.2 Data analysis and statistical tools 

Structural equation modelling (SEM) applied in this research extending 

multivariant analysis methods and ANOVA (Williams et al., 2004). Descriptive and 

inferential statistical analysis methods were employed in analysing the data collected 

in the course of the study. These include:(1) Cronbach’s alpha (α) reliability test; (2) 

mean score ranking and standard deviation (SD); (3) inferential statistical tests such as 

ANOVA, post-hoc Tukey tests; correlation analysis; and (4) Principal component 

analysis (PCA) (Fellows and Liu, 2015; Field, 2018; Fang et al., 2004; LeBreton and 

Senter, 2008). In order to accomplish the research objectives IBM® SPSS® Statistics 

(SPSS) version 27, IBM® Amos version 27, Microsoft® Excel, Microsoft® Word 

software were used. 

Reliability testing. The Cronbach’s α reliability test is mainly used to verify 

internal consistency or reliability of the construct of the questionnaire items under the 

adopted Likert scale of measurement. The range of the Cronbach’s α reliability 

coefficient is from 0 to 1; it implies that the larger the α-value, the better the reliability 

of the scale or the generated result (Cronbach, 1951; Nunnally and Bernstein, 1994; 

Hollander et al., 2014; Field, 2018).  
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Mean score ranking and standard deviation. The arithmetic mean is a measure 

of central tendency which indicates the average values of a set of figures, while SD is 

a quantitative measure of the distribution of value from the mean and is a measure of 

variability.  

Percentage score analysis. A score on a 0-100-point scale. According to 

Farrell et al. (2016) the percentage score for questions and individual participants 

supports ease of interpretation of results. On the seven-point scale of 0 (very strongly 

disagree) to 6 (very strongly agree), very strongly disagree becomes 0% and very 

strongly agree becomes 100%. The intermediate points are 1 = approximately 16%, 2 

= 33%, 3 = 50%, 4= 67% and 5 = 84%. Similar principles are used in the multiple 

scoring scale (Farrell et al., 2016). An overall low percentage score thus indicates 

disagreement, and high score indicates agreement. 

2.7.2.3 Summary of respondent demographics   

This section describes and analyses the questionnaire survey regarding the 

respondents’ demographics. The respondents are from 23 countries working under 

diverse organisational types. The majority of survey participants are from consultant 

organisations (97, 42.92%), with the remaining respondents from contractors (71, 

31.42%), clients (38, 16.81%) and academics (20, 8.85%).  The diversity of the 

respondent groups allows for the capture of differing views from different 

perspectives. Moreover, on average, respondents have more than fifteen years of 

working experience in construction industry. This justifies an assertion that the 

respondents not only have theoretical knowledge of operations in the AEC industry, 

but they have brought such knowledge into practice. Respondents were classified 

according to their career level: senior management (19, 7.96%), manager (56, 

24.78%), senior level resident engineer or client consultant (96, 42.48%), mid-level 
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engineering (34, 15.04%) and junior level engineering (22, 9.73%). 

2.8 RO7: Research methodology 

RO7 adopted ‘mixed research methodologies’ involving descriptive and 

inferential statistics and an applied approach to achieve its aim and objectives (Farrell 

et al., 2016). Quantitative and qualitative techniques were used for data collection and 

analysis. Semi-structured face-to-face interviews and the focus group technique using 

video conference communications was adopted since it indicates a high degree of 

reliability, high level of item response rate, and gives opportunities to interviewers to 

explain complex questions and mitigate inappropriate responses (Farrell et al., 2016). 

Semi-structured face-to-face interviews are discussions, usually one-on-one between 

interviewers and interviewees, meant to gather information on a specific set of topics, 

while focus groups are dynamic group discussions used to collect information (Harrell 

and Bradley, 2009). These strategies reduce the risk and bias and increases reliability 

and validity by verifying findings of data from one source with other sources (Fellows 

and Lui, 2015; Farrell et al., 2016; Bernard, 2000).  Using both qualitative and 

quantitative approaches in a study can be called ‘mixed methods’ or ‘methodological 

triangulation’ (Clarke and Cresswell, 2008). Figure 2.4 demonstrates RO7 research 

methodology stages. 
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Figure 2.4: RO7 research methodology 

  

Stage 1: Qualitative research

Step 1.1: Literature review

Step 1.2: § Critically appraise existing BIM, LC, IPD 
models and frameworks

§ Test challanges to integrate LC, BIM, LeanBIM, 
IPD, LeanIPD and GID

Step 1.3 External validation
(Focus group & semi-structured interviews)

Step 1.4:  § Propose a conceptual LeanIPD&GID 
framework

Step 1.5: External validation of  conceptual 
LeanIPD&GID framework 

(Focus group technique & semi-structured 
interviews)

Stage 2: Quantitative research

Step 2.1: Survey design

Step 2.2: Pilot survey & identify participants

Step 2.3: Collect data

Step 2.4: Analysis, evaluation and discussion of 
results
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2.8.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step approach as suggested 

by Farrell et al. (2016). Step 1.1 comprehensive literature review to define key 

parameters and criteria affecting challenges to integrate LC practices and IPD on 

CMPs in contemporary multinational AEC organisations. Step 1.2 define challenges 

to integrate LC, BIM, LeanBIM, IPD, LeanIPD and GID, also to examine the existing 

BIM, LC, and IPD frameworks. Step 1.3 based on the critical review, outcomes were 

piloted with eight industry expert practitioners and senior academic researchers 

through semi-structured face-to-face interviews and the focus group technique to 

validate determined challenges (Farrell et al., 2016; Taylor et al., 2015; Harrell, and 

Bradley, 2009). The response from professionals highlighted a lack of systematic 

exploration of all parameters in the literature, and mixing concepts from production, 

quality, sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for multiple 

validations. In step 1.4, there was conceptualisation, definition, and redefinition of 

BIM, LC, LeanBIM, IPD, LeanIPD and GID, LeanIPD&GID transformative 

initiatives and corporate governance and FOW global initiatives. Step 1.5 

encompasses multiple validations of concepts and GID strategy placements through 

semi-structured face-to-face interviews and the focus group technique. 

LeanIPD&GID framework were validated by ten professionals - six industry experts 

and four academic researchers - to qualify its relevance, correlation, logic, and 

importance to the construction industry, specifically to CMPs. 

The experts selected for both semi-structured interviews and the focus group 

represented senior-level construction industry practitioners and academics based in 

Qatar. Experts were selected based on more than fifteen years of experience of 

successful delivery of CMPs, the level of seniority in experience, proficiency in 
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project delivery methods, software familiarity, experience with various forms of 

contracts, and knowledge of BIM, LC, LeanBIM, IPD, LeanIPD and GID. The 

participants have construction experience in many other countries, including, Qatar, 

Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, Spain, UK, Canada and the 

USA. The participants have awareness of LC, IPD and LeanIPD. This indicated that 

their responses shape a suitable idea of the BIM, LC, LeanBIM, IPD, LeanIPD and 

GID, LeanIPD&GID transformative initiatives and corporate governance adoption on 

CMPs and its limitations. Care was taken to ensure that all ethical protocols were 

observed, including providing participants with an information sheet prior to 

interviews; this sheet assured all persons of confidentiality, and permissions were 

gained to digitally record the interviews, this is according to the University of Bolton 

(UoB) protocols (UoB, 2021). 

2.8.2 Stage 2: Quantitative research methodology 

Stage 2 involves a four-step quantitative research methodology. Step 2.1 

includes the design of a survey based on the literature review in Stage 1 of the 

research (Step 1.1 and 1.2). Step 2.2 involves the pilot survey and identification of 

respondents. Step 2.3 is the collection of data. Step 2.4 comprises analysis, evaluation, 

and discussion of results. Data collection was based on the literature review and 

survey questionnaire. Firstly, the literature review used textbooks, academic and peer-

reviewed journals, conference and seminar proceedings, dissertations and theses, 

organisations and government publications, to examine the nature of the construction 

industry, BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. Secondly, results 

of a survey questionnaire conducted with a representative sample of professionals in 

CMPs were presented and analysed to investigate the perception of practitioners 

towards the challenges of the integration between BIM, LC and IPD towards GID 
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transformative initiatives and corporate governance.  

The literature review outcomes are piloted on five construction industry 

practitioners and three academics who specialised in construction management from 

Gulf Cooperation Council (GCC) countries during semi-structured face-to-face 

interviews, and via video conference communications (Farrell et al., 2016). 

Construction industry practitioners were asked to validate relevance of identified 

challenges and propose additional related parameters that were overseen. After a 

review of the responses of the preliminary test and making changes, the questionnaire 

was ready for formal testing (Farrell et al., 2016). Based on the results of data 

collection and data analysis, frameworks was developed for managing challenges to 

integrate LeanIPD working towards GID transformative initiatives and corporate 

governance in multinational AEC organisations; the LeanIPD&GID framework 

details are illustrated in section  0. 

2.8.2.1 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on participants such as areas of expertise, relevant 

experience, current position within their organisations and the size of projects that 

they are involved in. Additionally, the degree of awareness of BIM, LC practices and 

IPD principles, and the extent of implementation and integration of BIM, LC, 

LeanBIM, IPD and LeanIPD on their largest current project (Tanner, 2018; Taylor et 

al., 2015). The second section reflected challenges to integrate LeanIPD&GID on 

CMPs that came from literature and interviews. The third section reflected the 

perceived opinions of correspondences about KPIs to integrate LeanIPD&GID 

(Farrell et al., 2016). Participants were asked to rate factors on a seven-point Likert 

scale: 0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or 
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don’t know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. Participants 

were given the opportunity to add any additional factors or remarks at the end of the 

questionnaire. Scores were developed on the Likert scale, developed by the American 

Psychologist Rensis Likert (1903-1981). The seven-point Likert scale has been shown 

to be more accurate, easier to use, and a better reflection of a respondent’s true 

evaluation. In light of all these advantages, even when compared to higher-order 

items, seven-point items appear to be the best solution for questionnaires such as 

those used in perception evaluations. Whether academic and industry practitioners are 

developing a new summative scale, a satisfaction survey, or a simple one-item post-

test evaluation item, accordingly, the research adopted to use a seven-point rather than 

a five-point scale (Farrell et al., 2016). 

Large sample size is important to obtain representative results. The population 

of this study comprised construction experts that have experience in BIM, LC, 

LeanBIM, IPD, LeanIPD and LeanIPD&GID on CMPs. Cochran’s sample size 

formula for categorical data (Cochran, 2007) was employed to establish the sample 

size that is seeking maximum possible responses within affordability. 

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 2.13 

where 𝑛 is initial sample size estimate, 𝑡 is confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is margin 

of error (0·1). Upon calculating Equation 2.17 using assumed data (𝑡 = 1·96, 𝑝 = 0·5, 

𝑞 = 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an online questionnaire designed using 

‘Google Forms’ and distributed using various tools, i.e., email, LinkedIn, WhatsApp 

and Microsoft Teams. To ensure compliance with ethical protocols, a note preceded 

questionnaire to provide guidance on aims and objectives of research, estimated 
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duration to complete, to assure participants of their anonymity and confidentiality, and 

to advise that reply was not compulsory. A research ethics checklist was also used to 

ensure there was no breach of institutional codes. It was deemed there was no 

requirement to refer data collection instrument for board approval, and informed 

consent was implied by participation. Requests were sent to 306 industry 

practitioners, and there were 190 (62%) replies from those with a variety of 

responsibilities such as owners, consultants, contractors and subcontractor 

organisations. Fellows and Liu (2015) indicated that “large number statistics require 𝑛 

≥ 32; and a usable data set of 100 responses for factor analysis;” given that 190 

responses were received, it is asserted that results from sample can be used to make 

valid inference back to the population. The requests were sent to construction industry 

practitioners in CMPs in Qatar, GCC countries, and the MENA region with good 

knowledge of BIM, LC, LeanBIM, IPD, LeanIPD and LeanIPD&GID (Farrell et al., 

2016, Hasson et al., 2000, Grisham, 2009). 

2.8.2.2 Data analysis statistical tools 

Structural equation modelling (SEM) was applied in this research extending to 

multivariant analysis methods and analysis of variance (ANOVA) (Williams et al., 

2004). Descriptive and inferential statistical analysis methods were employed in 

analysing the data collected in the course of the study. These include: (1) Cronbach’s 

alpha (α) reliability test (Cronbach, 1995); (2) mean score ranking and standard 

deviation (SD); (3) inferential statistical tests such as ANOVA, post-hoc Tukey tests; 

correlation analysis; and (4) Principal component analysis (PCA) (Fellows and Liu, 

2015; Field, 2018; Fang et al., 2004; LeBreton and Senter, 2008). In order to 

accomplish the research objectives IBM® SPSS® Statistics (SPSS) version 27, 

IBM® Amos version 27, Microsoft® Excel, and Microsoft® Word software were 
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used. Percentage score analysis is a score on a 0-100-point scale. According to Farrell 

et al. (2016) the percentage score for questions and individual participants can be 

calculated according to, for ease of interpretation. On the seven-point scale of 0 (very 

strongly disagree) to 6 (very strongly agree), very strongly disagree becomes 0% and 

very strongly agree becomes 100%. The intermediate points are 1 = approximately 

16%, 2 = 33%, 3 = 50%, 4= 67% and 5 = 84%. Similar principles are used in the 

multiple scoring scale (Farrell et al., 2016). An overall low percentage score thus 

indicates disagreement, and high score indicates agreement. 

2.9 Originality/value 

Reach utilised mixed used methodologies that concluded original outcomes 

enriched the body of knowledge.  

2.10 Chapter summary 

This chapter has outlined research methodology. The next chapter will present 

a comprehensive review and a case analysis of the concept of BIM and stakeholder’s 

behaviour in CMPs and introduced the influence of the partnering approach and the 

adoption of DB contractual agreement associated with the implementation of BIM on 

the behaviour of stakeholders on megaprojects. 
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3. CHAPTER 3: INFLUENCE OF PARTNERING AGREEMENTS 

ASSOCIATED WITH BIM ADOPTION ON STAKEHOLDER’S 

BEHAVIOUR IN CONSTRUCTION MEGAPROJECTS3 

3.1 Chapter overview 

The previous chapter introduced the research and presented the aim and 

objectives of the study alongside the relevant gaps in knowledge and practice to be 

bridged in this research. It also outlined the scope of the study. The current chapter 

presents a comprehensive review and a case analysis of the concept of BIM and 

stakeholder’s behaviour in construction megaprojects (CMPs). The current chapter 

examines the influence of the partnering approach and the adoption of design and 

build (DB) contractual agreement associated with the implementation of BIM on the 

behaviour of stakeholders on megaprojects. Through a case study, the significant 

factors that influence stakeholder management are appraised, such as cooperation, 

developing trust, and a dearth of communication. The research concluded that mutual 

trust, transparency, leadership, the well-defined scope of work, a clear definition of 

responsibilities, collaboration, and training are the main success factors of partnering 

projects. The research also emphasised that BIM plays a vital role to secure the 

mentioned key successful factors for partnering.  

 

 
3 This chapter is derived and edited from: 
Evans, M., Farrell, P., Elbeltagi, E., Mashali, A. and Elhendawi, A., 2020b. Influence of 

Partnering Agreements Associated with BIM Adoption on Stakeholder's 
Behaviour in Construction Mega-Projects. International Journal of BIM and 
Engineering Science, 3(1), pp. 1-20. 

Evans, M., Farrell, P. and Mashali, A., 2020a. Influence of partnering on stakeholder's 
behaviour in construction mega-projects. The Journal of Modern Project 
Management, 8(1), pp. 116-137. 
https://journalmodernpm.com/index.php/jmpm/article/view/570 

https://journalmodernpm.com/index.php/jmpm/article/view/570
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3.2 Introduction 

Design-Build Institution of America (DBIA) defines “Design-Build as a 

method of project delivery in which one entity (the Design-Build Entity) forges a 

single contract with the Owner to provide the architectural, engineering and 

construction services” (DBIA, 2019). The goals of this study are to identify critical 

success factors (CSFs) for ‘partnering’ a project through DB contracts and to 

investigate the influence of partnering on the behaviour of stakeholders on mega 

construction projects. 

Project delivery systems (PDS) include the traditional method of procurement, 

where the owner employs a consulting firm to design a project and then grants the 

construction contract to the main contractor (or constructor) to construct the project 

following that design (Wu and Barnes 2016). The traditional method is of utmost 

widespread for small-scale and local projects, whereas the most popular procurement 

scheme for large-scale, megaprojects are those based on either DB, or on an 

engineering, procurement, and construction (EPC) method (Lin and Chen, 2004). DB 

contract, the contractor is liable for both the design of the construction project then 

executing the construction according to contractual specifications (Mashali et al., 

2019; Du et al., 2016). EPC contracts, a sole contractor is liable for the entire 

engineering design, construction, and procurement of a project on a turnkey ground. 

Collaborative procurement methods have been gaining impetus in numerous 

developed countries (Hamzeh et al., 2019; Mashali et al., 2020a). 

Megaprojects, in other words construction megaprojects, are commonly 

associated with cost overruns and time delays. CMPs can be defined as; complex and 

large-scale ventures which budgeted more than or equal USD 1 billion, including 

private and public stakeholders (Flyvbjerg, 2014). International CMPs (ICMPs) 
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complexity and the scope of work involves various stakeholders such as international 

consultants, multinational contractors, joint ventures (JVs), together with several 

design and construction teams. The Project Management Institute, PMI (2021) defines 

a stakeholder as: “an individual, groups, or organisations who may affect, be affected 

by, or perceive themselves to be affected by a decision, activity, or outcome of a 

project.”  

ICMPs require interactive coordination for success. However, the construction 

industry has been usually characterised as fragmented, leading to low performance, 

and frequently accompanied by adversarial relationships between project stakeholders 

(Kadefors, 2004; Eriksson, 2010; Eriksson and Laan, 2007). In the traditional project 

procurement method, a competitive tendering process, where the client’s principal 

election standard is based on the bid price, is applied to grant the contract, typically to 

the lowest bidder. This situation results in a lot of pressure on the construction 

projects’ key stakeholders, such as the contractor, for numerous causes; for instance, 

the unbalanced risk allocation in contract provisions. The method in itself establishes 

a conflict between owner, consultant, and contractor as each stakeholder tries to 

minimise their risk and maximise their benefits. The competitive and price-driven 

mechanism was deemed the main cause of project failure (Eriksson, 2010). Conflict 

of interest among the industry stakeholders typifies the negative sides of industry 

relationships, such ineffective communication, insufficient co-operation, spreads a 

‘win-lose’ behaviour and lack of mutual trust (McAllister, 1995; Larson, 1995; 

Naoum, 2003). Resulting outcomes are cost overruns, poor quality, less productivity, 

lack of earned value, substandard workmanship, low satisfaction among stakeholders, 

schedule delays, and mostly litigations (Chan et al., 2004; Egan, 1998; Larson and 

Drexler, 1997; Ng et al., 2002; Venselaar et al., 2015). Consequently, alternate 
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delivery organisations have evolved to cater to this need. 

A need has arisen to change the negative culture among construction industry 

partners and to perfect the relationship amongst key stakeholders as an attempt to 

increase the total performance of the construction industry. Latham (1994) and Egan 

(1998) in the UK, as well as Institute, C.I., (1991) in the USA addressed many 

stakeholder conflicts and construction industry issues and endorsed the 

implementation of additional co-operative operational strategies, stakeholder 

management methods that integrate the project delivery supply chain and resolution 

of the conflicts of interest between stakeholders that are primarily contractual type 

conflicts. Modern methods, such as partnering was presented to confront shortfalls 

that arise from traditional procurement and to enhance performance (Eriksson, 2010; 

Bygballe et al., 2010; Bellini et al., 2016). Partnering, sometimes referred to as 

alliancing, can be defined as “a long-term commitment between two or more 

organisations to achieve specific business objectives by maximising the effectiveness 

of each participant’s resources” (Institute, C.I., 1991; Yeung et al., 2007). Partnering 

has been effectively applied in some other industries before being proposed into the 

construction industry (Bygballe et al., 2010; Cheung et al., 2003; Dainty et al., 200; 

Kim et al., 2010). 

Therefore, all stakeholders should coordinate with each other to work 

collaboratively to facilitate a creative and innovative resolution and rethinks to 

relinquish the outdated methods that are no longer the appropriate ways and keep up 

with latest technologies. Furthermore, this will assist in achieving the projects’ aims 

and objectives to meet the client and user satisfaction (Ahmed, S., et al., 2018; 

Elhendawi, A.I.N., 2018). BIM is deemed as an environment that effectively 

combines all liabilities and endeavours from all project stakeholders through diverse 
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project phases to deliver a functional sophisticate and innovative product replying all 

parties and project objectives (Elhendawi, A., et al., 2019). 

Therefore, this chapter investigates the influence of the partnering approach 

and the adoption of DB contracts on stakeholders’ behaviours on the megaprojects 

with studying the impact of using BIM technology. Thus, the general goal is to 

investigate the contractual setting and explore the extent of the impact of partnering 

procurement delivery, represented by the DB contract, on construction project 

stakeholder. A case study in Qatar is chosen to achieve the aim of the research. 

3.3 Literature review 

Partnering in construction has been investigated considerably in the last two 

decades. Two areas of partnering that are directly relevant to stakeholder management 

in construction projects are CSFs and the critical failure factors (CFFs) (Hong et al., 

2012; Aarseth et al., 2012; Bygballe et al., 2010; Li et al., 2005). Challender et al. 

(2016) specified a group of factors based on a critical review and employed these 

critical factors to survey building industry experts in the UK. Black et al. (2000) 

research revealed that the factors influencing partnering in construction projects are 

‘relationship factors’; that is, commitment from senior management, mutual trust, and 

effective communication. Chan et al. 2004; Chan et al. 2003a; Miller et al., 2000; 

Bayliss et al., 2004) - related studies in Hong Kong - indicated that the five frequent 

CSFs were (1) conflict resolution; (2) establishment; (3) obvious definition of 

responsibilities; (4) regular monitoring of partnering processes; and (5) readiness to 

share resources among project stakeholders. Brown et al. (2001) introduced additional 

factors such as (1) training and preparation; (2) equity; (3) defining of stakeholder’s 

expectations and limitations; (4) development of mutual goals; (5); and (6) leadership. 

While Hawke (1994) examined factors (reasons) leading to partnering failure in 
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Australia. Key factors identified were: (1) inefficient problem resolution processes; 

(2) lack of leadership; (3) absence of adequate training; (4) lack of honest and 

transparent communication between stakeholders; and (5) insufficient commitment to 

partnership arrangement (Chan et al., 2003b; Chan et al., 2004; Gadde and Dubois, 

2010; Wøien et al., 2016). 

Adnan et al. (2012). agreed that partnering might not constantly be an accurate 

resolution to the construction industry’s difficulties as it did not essentially eliminate 

the conflict of interest between stakeholders at the source. Dulaimi et al. (2010) and 

Ustadi (2013) documented various factors participating in the failure of public-private 

partnership projects; the factors were: (1) absence of suitable skills in the consortium; 

(2) high risk; (3) high participation costs; (4) lack of credibility; (5) poor 

communication between private partners; (6) demands on management time; and (7) 

long procurement and negotiation processes. 

Bresnen and Marshall (2000b) considered two issues leading to partnering 

collapse. The first matter was the ‘one-off’ nature of the numerous stakeholders’ 

relations, such as the client and main contractor relations (Mashali et al. 2020b; 

Hosseini et al., 2016). The second matter was partners preserving their adversarial 

position. To achieve optimal performance, trust, and ‘long-term’ relations between the 

stakeholders are essential, (Brown et al., 2001; Mashali et al., 2019; Wong et al., 

2008). Wolstenholme (2009) found that ‘distrust’ is chronic and longstanding in the 

construction projects and that trust is hard to set-up between stakeholders, mostly 

because of adversarial relations and disputes between stakeholders (Wong and 

Cheung, 2004). 

Hawke (1994) censured owners for adopting a ‘cost-driven’ schema and for 

upholding a ‘win-lose’ position when negotiating with main constructors: both of 
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these actions contradict partnering principles. Wood and Ellis (2005), in his review of 

the progress, indicated that as the market situation deteriorates, particular owners are 

guided by their ‘cost-oriented’ advisors to relinquish partnering engagements and 

return to traditional competitive tendering. Bresnen and Marshall (2000a) pointed out 

the gap between decisions and intentions at the organisation level and stakeholder’s 

behaviour at the project level. 

Challender et al. (2019) explored the concept of ‘trust’ in construction 

procurement strategies, it examined to the extent of trust influences, within co-

operative working arrangements, on the success of co-operative working practices, 

covered the effect of ‘trust-building’ approaches has on collaborative working 

environment and partnerships. Kadefors (2004) also discussed the constitutes best 

practice and how ‘trust’ in co-operative procurement practices affects the success of 

construction projects. 

Several researchers argued that applying BIM proved benefits which paving 

the way to successful partnering hereinafter: clash detection, time-saving, improving 

the quality and reduced rework, increasing efficiency, improving collaboration, 

coordination and communication, creation and sharing information ability, improving 

visualisation, reducing the number of requests for information, eliminating claim and 

law issues, early client involvement, improvement of decision making, enhancing 

creativity and innovations, overcoming the geographical distance barriers, and helping 

procurement (Shaban, M.H. and Elhendawi, A., 2018; Elhendawi, A., et al., 2019). 

While there is a little literature concerning the influence of partnering on the 

stakeholders in the construction industry, and only narrow research papers about 

‘Public-Private Partnership’ (PPP) projects. While (Khalifa et al. (2015); Dulaimi et 

al. (2010); and Alhashemi, (2008)) highlighted that influence was limited but still 



104  

immature; there is a little research that investigates the influence of partnering on 

stakeholders in mega construction projects. 

3.4 Research methodology 

A case study is adopted as a research methodology. This approach allowed the 

examination of critical topics, understandings, attitudes, and behaviours of various 

key stakeholders inside the environment of a partnering project. One case study is 

selected to represent partnering in a mega infrastructure project in Qatar. The 

challenges in the project are explored, allowing possible developments to be identified 

for application in a broader built environment. The study involves a questionnaire in 

which the questions are built on the conclusions of the literature examination and 

concentrated on accomplishing the objectives of the research (Farrell et al., 2016). 

The questionnaire is divided into four divisions: the first involves the background, the 

second is concerned with the contractor’s organisation, the third focuses on the 

implementation phase of the project, and the last division focuses on the interviewees’ 

perception and assessment of the experience in partnering agreements or contracts. 

Sample size is important to obtain representative results. The population of 

this study comprised construction engineering practitioners and academics that work 

on CMPs. Galvin’s equation can be used to find the number of interviews required to 

have a stated level of confidence (P) that all the relevant themes which are held by 

proportion (R) of the population will occur within the interview sample (Galvin, 

2015) was employed to establish the recommended sample size. 

𝑛 =
ln(1 − 𝑃)

ln(1 − 𝑅)
 Equation 3.1  

Where 𝑛 is the recommended number of interviews, P is the confidence factor 

(> 95%), R is population proportion (10%). Upon calculating Equation 3.1 using the 
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assumed data (𝑛 = ln(1 − 0.95) ln(1 − .1)⁄ ) a sample size of 29 interviewees was 

determined. To facilitate the analysis of the CSFs, each respondent was asked to rate 

to what extent he/she agreed/disagreed with each of the main factors influencing 

partnering, on a five-point Likert scale ranging from 1 to 5, where 5 represents 

‘strongly agree’, and 1 represents ‘strongly disagree’. 

Semi-structured interviews are conducted with a heterogenous cluster 

consisted of seventy construction experts from various disciplines in AEC industry, 

such as the client’s project manager, the consultant’s project manager, the lead 

architect, the construction manager, the contract manager, the planning manager, the 

resident civil engineer, and the engineering manager. The researchers used expert 

judgment to elect professional stakeholders with experience in diverse sorts of 

industry disciplines, comprising partnering and representing clients, main contractors, 

and consultant organisations. Consultations between industry experts and the 

academic researcher were carried out to design and frame the structure and format for 

the interviews. A ‘pilot’ interview was held to acquire advice on the dataset gathering 

tools and tease out any deficiencies with the approach it was administered and 

designed. However, beyond these two criteria, the sample represents partnering 

procurement through DB contracts, and the industry experts agreed that the sample 

case study was large enough to represent all DB contracts in Qatar since it adopted 

this type of contractual agreement in numerous FIFA 2022 World Cup™ and QNVs’ 

2030 CMPs such as Doha Metro, Lusail LRT, and the New Orbital Highway. 

3.4.1 Case study description 

The case study is for an infrastructure megaproject in Qatar. The project 

comprises more than 37 km of infrastructure works, with an estimated cost of more 

than USD 6 billion. The planned construction period is five years, divided into 
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multiple design packages and construction phases. The State of Qatar is a leading 

country in partnering procurement and has a respectable record of delivered projects 

using DB contracts. A contract was signed between the client and a consortium - led 

by the main contractor - to ‘Design and Build’ the infrastructure megaproject. The 

main contractor delivered the resources essential for the appropriate implementation 

towards the timely completion of the project under study. Contractual relations 

between the DB contractual parties is shown in  

 

Figure 3.1. 

The qualitative coding approach was adopted as a sorting basis to categorise 

the individual words of short phrases and to brief large sections of text (Taylor et al., 

2015). Throughout the sorting procedure, coded parts of the text are taken to explain 

and summarise raw datasets. Coding and semantic words examples such as ‘informal 

engagement’; ‘trust’; ‘collaboration’; ‘closer interaction’; ‘good team working’; 

‘ineffective communication’; ‘leadership’; ‘transparent’; ‘disputes’; ‘honest’; 

‘obstacles’; ‘stakeholder’; and ‘effective communication.’ The raw dataset was 

summarised in tables, CSFs or CFFs are analysed, codes and semantic words are 

listed, data consistency and discrepancies are observed, and suggestions are presented.  
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Figure 3.1: The contractual relationship between parties in DB Contracts (Evans et 
al., 2020b) 

Table 3.1 represents a sample of the data analysed; it is arranged to 

contextualise the ‘qualitative data’ in an organised and presentable way as a base of 

the discussion and findings narrative. 
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Table 3.1: Data to analyse ‘partnering’ associated with ‘BIM’ in Qatar’s 
construction industry h-index (Evans et al., 2020b) 

Theme/factors 
analysed Observation or proposition Inconsistency Similarity 

Boost ‘trust’ 
and 
‘collaboration’ 
in ‘partnering’ 
agreements 

▪ Share ethics based on justice, trust, and 
fairness among partners are primary. 

▪ Cognition-based, system-based, and affect-
based 

▪ Trust reciprocation increases its levels 
between partners. 

▪ Social interaction increases the degree and 
quality of trust among partners. 

▪ Some supply chain partners have a potential 
lack of trust, more strong partners. 

▪ Trust and collaboration may be undermined 
by negative, adversarial cultures and 
attitudes. 

▪ Trust impacted by 
organisational 
contractual 
position. 

▪ Trust created from 
preceding relations 
between the 
contractual parties 
(especially at top 
management 
levels) considered 
significant. 

▪ Unjust working 
relationship. 

▪  ‘Abuse of power’ 
negatively impacts the 
growth of trust. 

▪ Human factors, like 
communication, 
confidence, commitment, 
personalities, and 
teamwork are significant 
factors for establishing 
collaboration and trust. 

Influence of 
BIM on 
‘collaboration’ 
in ‘partnering’ 
arrangements 

▪ BIM technology enhances the collaboration 
between the project’s stakeholders   ▪ BIM adoption enhances 

collaboration and 
accordingly improves 
partnering 

Influence of 
economic 
prosperity and 
budget surplus 
on ‘partnering’ 
arrangements 

▪ Traditional procurement methods based on 
a cost-driven approach is not seen by clients 
as the preferred option. 

▪ Owners are not seeking to extend 
partnering arrangements to disadvantage 
partners in some situations. 

▪ Not to resort to traditional procurement 
approaches. 

▪ More involvement of knowledge among 
contract partners. 

▪ Concentrate on investment that is aiming to 
support partnering. 

▪ Turn to 
‘partnering’ 
arrangements. 

▪ Professional 
development, 
training, more 
increased in times 
of economic 
prosperity. 

 

▪ Not reversion to 
‘traditional procurement’ 
approaches in times 
economic prosperity, 
national budget surplus. 

▪ Pleasant ‘economic 
climate’ enhancing the 
partnering. 

▪ Economic ‘austerity’ 
negatively impact 
partnering 

Observed 
partnering 
benefits 

▪ Collaboration increasing is a significant 
element to accomplish effective contracts. 

▪ The arising need for increasing supply 
chain integration, and collaboration. 

▪ In complex projects, the risk can be 
specified at the start and managed 
efficiently. 

▪ The benefits of partnering have been over-
valued in the present, and the past, so a no 
balanced view. 

▪ Suspicion of 
realisable benefits 
by organisations 
and individuals. 

▪ Experiences in 
quick payment. 

▪ Firms perceived 
vulnerable to 
exploitation during 
partnering 
practices. 

▪ Better built environment. 
▪ Partnering improved 

teamwork, cooperation, 
and collaboration. 
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3.5 Case study analysis, results, and discussion 

The case study findings provided a summary of how ‘partnering’ is practised 

in CMPs in Qatar, which was consistent with numerous of the attributes success and 

failure factors recognised in extant literature. Findings revealed an agreement between 

the interviewees that DB contracts improve the performance of project stakeholders 

and the quality of the work. This was ascribed primarily to the required strict 

compliance with provisions of the contract and because, in DB contract, it is in the 

interest of the main contractor to certify that the quality of work done throughout the 

construction phase warranties the optimal performance. This ameliorates client 

satisfaction. It is also agreed that DB contracts improve the utilisation of resources 

and maintain certain long-range profits for contract parties. The positive outcomes can 

also create additional business chances for the main contractor with the client. 

Participants also reported that the gap between the perceptions of those who have no 

partnering experience and joined the project; and the behaviour of members that 

experience the DB contract at a project level as one of the challenges touching the 

appropriate execution of ‘partnering’ approaches on construction projects.  

Such an issue could be resolved by conducting appropriate inductions and 

continuous training and education about the variance between traditional 

arrangements and ‘partnering’ projects and encouraging the new team members to 

enjoy the healthier relations with their partners’ equivalents. If this behaviour and 

knowledge are not adequately transmitted to the project teams and they sustained to 

react in the typical confrontational behavioural manners of ‘traditional contracts’, 

project performance will negatively affect the mutual trust and collaboration between 

the project stakeholders. Thus, middle, and senior management should continuously 

monitor the behaviour of team members and remove any member who is not 
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adaptable to the DB contract environment or insists on behaving in the confrontational 

behavioural patterns of traditional contracts. 

Management has to change the organisational culture of the client, contractors, 

consortium, consultant, and subcontractors before entering into the partnership. For 

example, it has to be agreed to boost the teams by employing staff with experience in 

‘partnering’ contracts. Instead, the management applied further flexibility over team 

decisions and behaviour by increasing their decision-making authority and autonomy, 

while the management focused on leadership. This tactic, while it assisted to resolve 

disputes among stakeholders amicably (pacifically) at a managerial level - this is one 

of the declared partnering CSFs in the case study - it did change team behaviour and 

enhance relationships at a project level. Moreover, the project managers were 

contented with their reduced authority and new role compared to traditional contracts. 

Interviewees agreed that well-defined scope of work (SOW), a sharp split of 

scope and well-defined responsibilities, eliminated the conflicts and improved 

collaboration at the project level. Thus, improved the performance of project teams 

and increased client satisfaction. Interviewees all agreed that the importance of 

management commitment to ‘partnering’ basis and emphasised the importance of 

workshops, training, and pre-meetings. Participants also reported that these are 

‘partnering’ CSFs aiming to increase their awareness of ‘partnering,’ and educate 

personnel to maintain appropriate behaviour on a DB contract. Participants also 

emphasised the importance of mutual trust among the stakeholders as the main CSFs 

and its positive impact on the relationship between partners, as shown in Figure 3.2. 



111  

 

Figure 3.2: The main success factors of partnering projects: Stakeholders 
influencing (Evans et al., 2020b) 

Participants reported that a DB contract has major differences from traditional 

projects, which change the nature of the interrelationship and interactions between 

contract parties. The DB arrangements turn the client-contractor connection 

considerably less confrontational. The ‘mutual interest’ of all parties, conjointly the 

rigorous observing of the activities by several stakeholders, i.e., project management 

and construction management (PMCM), independent checker engineer (ICE), design 

verification engineer (DVE), and lenders and investors, ensures that the works will be 

fully compliant with standards, contract provisions, and specifications and increase 

the level of trust and collaboration between all parties. Interviewees claimed that BIM 

could facilitate mutual trust, transparency, leadership, the well-defined scope of work, 

clear definition of responsibilities, collaboration, and training which are the main 

success factors of partnering projects. Therefore, implementing BIM secure 

successful partnering. This result is lined with what reported in the literature. 
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Interviewees reported that fair risk allocation and risk-sharing between 

partners was a success factor of partnering. In DB contracts, clients from public 

sectors tend to transfer the entire risk to the main contractor (consortium or Joint 

Venture (JV). The consortium is then believed in charge of for the appropriate 

delivery of the DB agreement in accordance with design, contract provisions, and 

specifications. The majority of interviewees were of the view that risk on main 

constructors in DB contractual agreement could be achieved on account of the long 

lead time before commencing construction and as the main constructor are engaged 

early in the investigation and design phases. Hence, DB contractor should be able to 

manage and anticipate the vast majority of risk at the onset.  

In general, this study opinions to offer a potential resolution to deal with the 

uncertainty and increasing complexity of the CMPs. Indeed, the adoption of 

‘partnering’ contractual agreements as a collaborative working relationship, along 

with the collaboration between contract parties and project stakeholders, have been 

recommended as approaches for accomplishing higher benefits in CMPs. It arose 

from the literature study outcomes from the interviews, which was in line with the 

literature review by Wong et al. (2008) and other researchers; ‘trust’ can be 

distinguished into three different types: cognition-based, system-based, and affect-

based. Cognition-based trust is based on understanding and knowledge of the nature 

of the ‘partnering’ contractual agreement, while system-based trust is built on 

performance and faith in the system. Whilst, affect-based trust seems to address the 

personal emotion and feelings of project stakeholders. Therefore, the project manager 

must encourage ‘trust’, and ‘collaboration’ and must be able to plan a robust system, 

care for the stakeholders and team members to reinforce those factors. 

Whereas Qatar is one of the developing countries in the Middle East (ME), so 
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the results of this study are applicable in the Middle East and developing countries. 

Furthermore, the architectural, engineering, and construction industry in Qatar is 

included several international organisations from several countries all over the world. 

Thus, the results of this research can be generalised. The research examined the 

influence of ‘partnering’ contractual agreement associated with the adoption of 

modern BIM technology and the nature of the relationship between stakeholders at the 

planning, design, and construction phases of the construction project and through the 

entire project life cycle and facility management in CMPs. Furthermore, the research 

concluded that ‘trust’, ‘collaboration’ and the adoption of BIM technology are key 

success factors of ‘partnering’ contractual agreement in CMPs. Hence, investigation 

of the critical success factors through a semi-structured interview by a heterogenous 

cluster of industry professionals represented the AEC industry that can aid the 

successful project delivery through ‘partnering’ agreements with consideration of the 

impact of BIM technology in the built environment. The research outcomes to provide 

a good starting point for dialogue for clients, contractors, real-estate developers, key 

project stakeholders, local authorities, decision-makers, and academics. The critical 

success factors can be considered as a roadmap to contractors, engineering 

consultants, clients, and authorities in scheming more robust policies and legal 

guidelines to improve the ‘traditional’ procurement and spread the adoption of 

‘partnering’ agreements along with BIM and LC initiatives an on a solid basis for 

IPD. The findings of this research can shape the foundation of benchmarks for 

synergy and maturity of IPD in CMPs. 
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3.6 Conclusions and future directions 

The case study findings provided a summary of how ‘partnering’ is practised 

in CMPs in Qatar, which was consistent with numerous of the attributes success and 

failure factors recognised in extant literature. Findings revealed an agreement between 

the interviewees that DB contracts improve the performance of project 

The construction industry is a domain constantly evolving throughout 

enhancing the contractual agreements and implementation of creative processes, 

technologies, and government policies and adopt these in initiatives such as BIM and 

LC.  This research intended to investigate the influence of ‘partnering’ contractual 

agreement associated with the adoption of modern BIM technology and the nature of 

the relationship between stakeholders at the planning, design, and construction phases 

of the construction project and through the entire project life cycle and facility 

management in CMPs at the environment of the construction industry. From the 

literature review and particularly from the performed interviews, it arose that a robust 

relationship occurs. In specific, the literature review and the interviews presented that 

particular partnering critical success factors, similar to collaboration, mutual trust, and 

open transparency, are directly related to stakeholder’s behaviours and the successful 

‘partnering’ contractual agreement.  

The two critical success factors of partnering projects are ‘trust’ and 

‘collaboration.’ Partnering generates a fewer stressful and antagonistic operational 

environment, supporting superior individual performance. It is also important to note 

that this research studied the influence of ‘partnering’ contractual agreements 

associated with BIM in Qatar the time of ‘economic prosperity’, and to note that this 

influence is strongly associated with the economic environment of the country. 

Ultimately, the research also indicated that it is consequently recommended 
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that ‘trust’ and ‘collaboration’ can be created in encouraging environments, where the 

progressive environment of this cooperative procedure aligns with the long-term 

vision of incorporated stakeholders. Thus, enhancing stakeholder relationships 

reduces disputes, eliminates the conflict of interest, and allows sharing of knowledge, 

healthy interaction between project stakeholders, and improving problem-solving 

techniques. 

Outcomes of the research have contributed and reinforced the current body of 

knowledge in ‘partnering’, BIM and LC research cross-field by offering key 

stakeholders in the construction industry the critical success factors and challenges 

hindering the ultimate adoption of ‘partnering’, BIM and LC principles in a built 

environment. Generally, the study's outcomes contribute to and develop the goals of 

BIM and LC approaches and reinforce the LeanBIM synergy. 

The current study can be developed in future research by assessing the 

barriers, challenges and critical failure factors to the adoption of ‘partnering’ 

associated with BIM and LC such as abuse of trust, lack of collaboration, lack of 

transparency and impact of economic austerity in a country-by-country basis. 

Likewise, further research evaluating a piloted case study construction project, 

expanding the scope of critical success factors identified through this study, and it 

starts to new potential research development. In specific, additional studies should 

surpass the boundaries of this research; for instance, a greater sample of interviews, 

surveys, and quantitative research methodologies should be involved in the and the 

analysis should also be expanded outside Qatar 

3.7 Originality/value 

The concept of BIM has gained worldwide attention in recent years which had 

enhanced its implementation. However, few studies have attempted to the influence of 
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the partnering approach and the adoption of DB contractual agreement associated 

with the implementation of BIM on the behaviour of stakeholders on megaprojects. 

This chapter presented the systematic review of the significant factors that influence 

stakeholder management are appraised, such as cooperation, developing trust, and a 

dearth of communication. The research concluded that mutual trust, transparency, 

leadership, the well-defined scope of work, a clear definition of responsibilities, 

collaboration, and training are the main success factors of partnering projects. The 

research also emphasised that BIM plays a vital role to secure the mentioned key 

successful factors for partnering. Furthermore, BIM facilitates achieving project 

objectives with the adoption of DB contracts. This research contributes to the 

developing body of knowledge addressing the application of partnering in 

construction. The outcomes of this research will be beneficial for clients, contractors, 

project managers, and contract managers when taking into account future execution 

plans for DB projects. Forthcoming studies can develop frameworks to combine 

various stakeholders to obtain optimum satisfaction. This chapter provides its readers 

with an extensive understanding of the salient research themes, influence of the 

partnering approach and the adoption of DB contractual agreement on the behaviour 

of stakeholders on megaprojects and pattern of sustainability research worldwide. The 

following chapter reviews the extant literature and CSFs that enhance integration 

between BIM and LC practices on CMPs. 

3.8 Chapter summary 

The current presents a comprehensive review and a case analysis of the 

concept of BIM and stakeholder’s behaviour in CMPs and examines the influence of 

the partnering approach and the adoption of DB contractual agreement associated 

with the implementation of BIM on the behaviour of stakeholders on CMPs. The 
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following chapter investigates CSFs that enhance integration between BIM and LC 

practices on CMPs.
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4. CHAPTER 4: CRITICAL SUCCESS FACTORS FOR 

ADOPTING BUILDING INFORMATION MODELLING (BIM) 

AND LEAN CONSTRUCTION PRACTICES ON 

CONSTRUCTION MEGAPROJECTS: A DELPHI SURVEY4 

 
4.1 Chapter Overview 

BIM and LC have gained momentum in the last decade. The research 

investigates critical success factors (CSFs) that enhance integration between BIM and 

LC practices on construction megaprojects (CMPs). The Delphi survey technique was 

utilised to gauge opinions of a panel of sixteen (16) experts through a two‐round 

Delphi questionnaire survey. Panel responses were scrutinised using inferential and 

descriptive statistical techniques. Thirty (30) CSFs were identified in the literature. 

The top ranked factor out of 30 that supports LeanBIM synergy was ‘collaboration in 

design, construction works, and engineering management. Other top-rated CSFs were 

centric on people, data, and technology elements. The research findings are important 

for project stakeholders, organisations, contractors, engineers, and local authorities 

who implement LC and BIM synergies in CMPs. The research recommends further 

hands-on training to increase the integration of BIM and LC practices in the AEC 

industry and to enrich the extant body of knowledge in construction of megaprojects. 

4.2 Introduction 

The construction of megaprojects is complex, and includes numerous 

 
4 This chapter is derived and edited from: 
Evans, M., Farrell, P., Mashali, A. and Zewein W., 2021a. Critical success factors for 

adopting Building Information Modelling (BIM) and lean construction practices 
on construction mega-projects: a Delphi survey. Journal of Engineering, Design 
and Technology, Vol. 19 No. 2, pp. 537-556. https://doi.org/10.1108/JEDT-04-
2020-0146 

 

https://doi.org/10.1108/JEDT-04-2020-0146
https://doi.org/10.1108/JEDT-04-2020-0146
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interrelated processes (Mashali et al., 2020a; Olawumi and Chan, 2018a). The 

complexity requires a smart, innovative technologies to coordinate construction 

challenges that arise on most activities (Sacks et al., 2009). BIM is one of the smart 

technologies that contributes to the successful of delivery of construction of 

megaprojects (Ma et al., 2018; Chen et al., 2015); it boosts augmented reality and 

improves visualisation, detection of clashes, coordination and collaboration among 

project stakeholders (Mashali et al., 2020b; Sacks et al., 2010). BIM also connects 

domain knowledge areas such as project management, construction management, 

facilities management, design management, planning, and quantity surveying to 

confirm a one-source administration vehicle for project information through the entire 

life cycle of projects (Alreshidi et al., 2016; Jin et al., 2017; Bradley et al., 2016; Bui 

et al., 2016). While Sacks et al. (2018) opined that to ensure favourable outcomes 

from these smart technology tools, BIM should focus on full integration in decision-

making procedures and cooperation between various project stakeholders throughout. 

Hadidi et al. (2017) stated that enterprise resource planning (ERP) is an important 

investment in construction companies that increases data sharing and the integrity of 

business processes, and that quality management systems (QMS) improve overall 

project performance; thus, implementation of ERP and QMS positively contributes 

towards achieving the ultimate BIM and LC goals. According to Tsai et al., 2014 and 

Olawumi et al., 2018b there has been a considerable growing in BIM adoption in 

AEC industry in many countries, while numerous research has highlighted that 

interoperability between BIM in design is still a predominant problem in construction 

and requires more research to achieve synergy between BIM and LC, so-called 

‘LeanBIM’ (Evans et al. 2020a; Evans et al. 2020b; Solaimani et al., 2019; Saieg et al, 

2018; Carvajal-Arango et al., 2019; Dave et al., 2013) 
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Moreover, adopting LeanBIM approach can lead to innovation and helps to 

accomplish competitive advantage for organisations and decrease the project overall 

cost (Dave et al., 2013). Utilisation of cloud technologies also boosts project 

governance appliance (Alreshidi et al., 2016), while access to project information 

improves the adoption of LeanBIM practice (Dave et al., 2013). BIM has not yet 

achieved its full potential in construction projects due to a lack of commitment from 

project clients (Chan et al., 2019). While Olawumi and Chan (2018a) established a 

quantitative metrics of evaluating BIM application in developing countries, this 

research targets a reconnoitre and assessment of CSFs that can augment effective 

application of BIM and LC practice in construction projects. The research places 

emphasis on CMPs in which clients and other key project stakeholders enhance the 

synergy between BIMs’ CSFs and LC concepts (Akinade et al., 2018). 

4.2.1 Knowledge Gap and Research objectives and values  

This research is found to deliver the fundamental link to bridge the gap among 

BIM tools and LC practice by consulting specialist teams to understand the significant 

steering factors that boost the consistent application of BIM and LC approaches in 

CMPs. The three research questions are as follows: 

RQ1. What are the key steering factors that can boost the application 

of BIM to improve LC approaches in CMPs? 

RQ2. How important are the important steering factors to the 

actualisation of BIM tools and the principal objective of LC practice? 

RQ3. How do the opinions of the expert panel vary based on their 

professions? 

Present research encourages the full LeanBIM synergy to achieve the principal 

aims of LC and for the maximum utilisation of resources in construction projects. The 
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conclusions of this analysis are deliberated to contribute to the extant body of 

knowledge in BIM and LC practice by presenting to key stakeholders the CSFs that 

can improve LeanBIM synergy. Moreover, the research findings serve as a roadmap 

for governments and clients of construction projects to achieve ultimate benefits and 

increase earned value in their investments. The research outcomes are anticipated to 

support project teams and construction organisations in their endeavours to achieve 

the LeanBIM synergy. 

4.3 Literature review 

BIM has transformed infrastructure and building development within the AEC 

industry over the last decades (Sacks et al., 2018; Cao et al., 2015). A plethora of 

research illustrates the merits of BIM application through development of entire life 

cycle of projects (Antwi-Afari et al., 2018). Nonetheless, BIM application has not 

always been utilised fully, especially in small-to-medium enterprises (Azhar et al., 

2015). Researchers have reported poor implementation on many occasions 

(Gbadamosi et al., 2019; Ghaffarianhoseini et al., 2019). Many problems that have led 

to poor application were identified and have either pivoted upon technical matters 

(i.e., staff training, cost and interoperability of software) (Sacks et al., 2018), or non-

technical matters (i.e., organisational cultural change, project delivery methods, and 

legal uncertainties) (Hamzeh et al., 2016; Elhendawi et al. 2019). However, to 

determine more definitive causes requires more detailed, profound, and richer 

knowledge of CSFs used for assessing the effective application of BIM (Olawumi et 

al., 2019a; Ding et al., 2015; Ozorhon et al., 2016). Rockart (1982), defined CSFs as 

the “few key areas of activity where favourable results are absolutely necessary for a 

manager to reach his/her goals.” Application is the procedure of putting a plan or 

decision into effect (Tsai and Hsieh, 2014; Antwi-Afari et al., 2018). CSFs hence 
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outline a tool for evaluating and categorising strategic objectives in organisations 

together with assessing organisational activities and outcomes (Zahoor et al., 2017; 

Olawumi et al. 2017; Olawumi et al., 2019b). In this research, when merging these 

terms jointly, CSFs for BIM application can be defined as a combination of measuring 

outcomes, and key domains that drive entirely key construction decision-makers to 

transform from using traditional project delivery approaches using object-oriented 

computer-aided design (CAD) (Arayici et al., 2011), to collaborative and practical 

implementation of BIM from early design stages through to facilities management 

(Zhang et al., 2018). 

Existing literature reports - despite the increase of BIM research - explore 

CSFs for appraising effective BIM application (Antwi-Afari et al., 2018; Olawumi et 

al., 2019a). For instance, Sacks et al. (2018) discussed that assessment of energy 

through the design stage is considered as a CSF for an effective BIM application. Liu 

et al. (2019) identified that BIM application facilitates the sharing of information and 

communication throughout a project’s whole life-cycle. Whilst Hamzeh et al. (2016) 

suggest that early cooperation among project stakeholders considerably improves 

BIM application. The literature shows that researchers worldwide are concerned with 

inspecting CSFs for evaluating effective BIM application (Giel and Issa, 2016; 

Olawumi et al., 2019a). Despite growing academic consideration, a comprehensive 

analysis of CSFs within present literature is still needed to progress a global set of 

CSFs for assessing the effective application of BIM (Antwi-Afari et al., 2018). This 

research provides an assessment of CSFs for BIM application aligned with the LC 

practice to achieve the LeanBIM synergy, thus, to support researchers to conduct 

experimental analyses further. Furthermore, by detecting a comprehensive set of CSFs 

for BIM application towards ultimate LeanBIM synergy, project key stakeholders 



123  

may better comprehend important domains that are worth paying attention to for 

forecasting the likelihood of effective BIM application and take essential action to 

avert project-based BIM failure. 

Table 4.1 specifies a comprehensive record of CSFs for applying BIM that is 

cross-referenced against existing literature. In order to apply BIM effectively, 

practitioners and researchers need to recognise CSFs of BIM, and accordingly take 

actions to confirm constructive application of these significant domains. There is an 

essential need to conduct critical analysis to reconfigure CSFs for improving BIM 

application from early design stage to construction and over the entire project 

lifecycle. 
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Table 4.1: CSFs for BIM and LC practices in CMPs (Evans et al., 2021a) 

Code CSFs Reference 

F1 Development of a legal framework for BIM 1, 2, 24, 14 
F2 Boosting implementation of LC, and integrating project delivery 2, 24, 14 
F3 BIM training 15, 24, 5 
F4 Improving site layout and site safety 1, 24, 11,  
F5 Cooperation of simultaneous access of construction work 15, 24, 13,  
F6 MEP simulation and analysis (HVAC) 1, 24, 5, 21 
F7 Predicting, simulating, and analysing environmental conditions (airflow, weather) 4, 24, 12, 33 
F8 Integrating project documentation/bid preparation 24, 25, 14,  
F9 Extracting cost estimation and quantity take off 4, 24, 21 

F10 Adequate cost allocation to BIM 24, 14, 32 
F11 Senior organisational management support 1, 24, 20 
F12 Collaboration in design, construction works and engineering management 24 5, 15,  
F13 Predictive analysis of performance (thermal, energy, i.e. CO2) 4, 24, 32, 34 
F14 Coordination and planning of construction work 2, 6, 23 
F15 Structural analysis and design 24, 7, 16 
F16 Acoustic (sound) simulation and analysis 25, 8, 22 
F17 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 3, 26, 19 
F18 Enhancing exchange of information and knowledge management 2, 26, 19 
F19 Reducing construction project duration 25, 7, 24 
F20 Reduced risk of claims or litigation 26, 8, 27,  
F21 Accuracy and reliability of documents and data 4, 27, 9 
F22 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 27, 10, 28 
F23 Reducing construction project cost 2, 15, 35 
F24 Improving facilities management i.e. operations and maintenance (O & M) 24, 18  
F25 Improving quality and construction project performance 25, 29,  
F26 Ensuring effective communication among project participants 26, 18, 37 
F27 Establishing BIM and LC standards, codes, rules and regulations 27, 30, 31 
F28 Clash detection, integrating, coordinating and validating design 28, 32 
F29 Elaborating BIM models for offsite prefabrication and shop drawings 29, 17,  
F30 Earlier and precise 3D visualisation of designs 26, 17,  

Notes: 1= Abanda et al. (2015); 2= Akinade et al. (2018); 3= Alreshidi et al. (2016); 4=  Antwi-Afari (2018); 5= 
Azhar et al. (2015); 6= Bradley et al. (2016); 7= Bui et al. (2016); 8= Cao et al. (2015); 9= Carvajal-Arango et al. 
(2019); 10= Chan et al. (2019); 11= Chen et al. (2015); 12= Dave et al. (2013); 13= Ding et al. (2015 ; 14= Sacks 
et al. (2018); 15= Elhendawi et al. (2019); 16= Gbadamosi et al. (2019) ; 17= Ghaffarianhoseini et al. (2017); 18= 
Giel and Issa (2016); 19= Hamzeh et al. (2016); 20= Jin et al. (2017); 21= Li et al. (2020); 22= Evans et al. 
(2020b); 23= Ma et al. (2018); 24= Olawumi et al. (2018a); 25= Olawumi et al. (2019a); 26= Olawumi et al. 
(2019b); 27= Olawumi et al. (2017); 28= Olawumi et al. (2018b); 29= Ozorhon and Karahan (2016); 30= Sacks et 
al. (2010); 31= Sacks et al. (2009); 32= Saieg et al. (2018); 33= Solaimani et al. (2019); 34= Tan et al. (2019); 35= 
Tsai et al. (2014); 36= Zahoor et al. (2017); 37= Zhang et al. (2018)  
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4.4 Research methodology 

The research aims at investigating and prioritising CSFs that boost the 

integration of BIM initiatives and LC practices in CMPs. To achieve the research 

goals, a two-round Delphi survey of sixteen (16) members categorised in four groups 

(academics, industry practitioners, western experience group, and eastern experience 

Group) to rank the identified CSFs regarding their importance (Tanner, 2018; 

Grisham, 2009). Farrell et al. (2016) and Hasson et al. (2000) suggest that the Delphi 

technique is practical to reach agreement amongst a group of experts. The dataset was 

composed over two rounds to assess, examine, and prioritise the CSFs gathered from 

the extant literature. Taylor et al. (2015) emphasised the importance of the dataset 

collection method approved for research as it influences the accomplishment of the set 

aims of the research. 

The expert panel represented senior-level construction industry practitioners 

and academics based in Qatar. Expert panel members were selected with more than 

fifteen years’ experience in the successful delivery of CMPs; the level of experience, 

software experience, experience with project delivery approaches, and experience 

with different forms of contracts, knowledge of BIM, LC LeanBIM were considered. 

The participants have construction experience in many other countries, including 

Canada, Qatar, Bahrain, Spain, Kuwait, China, Egypt, Oman, KSA, Germany, the 

USA, and the UK. The participants were well acquainted with the LC and BIM. This 

indicates that their feedback gives an appropriate idea of the LC, BIM, and LeanBIM 

adoption in CMPs and its limitations. The expert panel was requested to rank the 

thirty (30) identified CSFs that improve incorporation between BIM and LC practice 

towards LeanBIM ultimate synergy in CMPs. Numerous former research studies in 

the built environment have employed the Delphi survey technique. 
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4.4.1 Delphi technique format  

A detailed review of the existing literature formulates the basis of launching 

CSFs that boost integration of BIM tools and LC principles in CMPs. The 

comprehensive literature critical review resulted in identification of thirty (30) factors 

which were converted into a Delphi survey - experimental questionnaire - as well as 

imploring precise details about the respondents. Respondents were requested to rank 

the CSFs on a 5‐point Likert scale: 1 = strongly disagree, 2 = disagree, 3 = neutral 4 

= agree and 5 = strongly agree. 

Giel and Issa (2016) recommend that cautious election and identification of 

expert panel respondents is critical in achieving a successful outcome when using the 

Delphi technique. Therefore, the research espoused a ‘purposive sampling technique’ 

to confirm the invited experts have the necessary experience and awareness in LC, 

BIM and LeanBIM. Targeted respondents were selected to fulfil a set of criteria 

before their invitations, criteria included that each much have: (1) extensive 

leadership and experience in construction industry; (2) implemented BIM and utilised 

LC practices and LeanBIM, and (3) familiarity with BIM and LC principles with a 

strong comprehension of their interrelationships. Furthermore, Olawumi et al. (2018a) 

concluded that a two to three rounds of Delphi survey is adequate to achieve the 

desired agreement from the expert panel. Thus, this report accepted a two‐round 

Delphi survey during a six-month period involving the sixteen experts. 

4.4.2 Demographics of Expert’s panel  

The expert panel was established of specialists of industry practitioners and 

academics with eight members from each precinct. Respondents had construction 

experience in numerous countries, that is, three industry experts from the UK, two 

from Canada, two from Qatar, two from the USA and one respondent each from 
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Spain, Bahrain, Australia, Kuwait, Germany China, and Egypt. The invited experts 

have a comprehensive level of experience in AEC industry with more than 15 to 20 

years of experience in the industry. Moreover, respondents have implemented BIM 

tools and have adopted LC principles in current or previous CMPs in Qatar or 

worldwide. The experts considered adopting BIM initiatives and LC practices in 

buildings and infrastructures megaprojects in Qatar and overseas, which was an 

adequate indication of their deep experience in these two initiatives. 

The Delphi experts represented a wide range of construction key stakeholders 

such as clients, government agencies, engineering firms, main contractors, and real-

estate developers. Likewise, the expert panel encouraged the application of these 

approaches at the planning, design and construction stages of a project. Furthermore, 

a dichotomy ‘West’ vs. ‘East’ group comparison was accepted to allow the expert 

panel responses for advance comparative analysis. The ‘West group’ comprised eight 

specialists from as Canada, Germany, the UK, the USA, and Spain. The ‘East group’ 

is constituted of eight specialists with experience in countries such as Qatar, Bahrain, 

Kuwait, China, Egypt, and Australia. 

4.4.3 Methods and statistical tools for data analysis 

The research adopted a series of descriptive and inferential statistical 

procedures to analyse the dataset composed from the expert panel through the two-

rounds of Delphi surveys, followed by comparative analyses between the respondents' 

groups, these include (1) Cronbach's α reliability testing; (2) mean score ranking 

method; (3) Shapiro-Wilk test; (4) Kendall's concordance analysis (5) chi‐squared 

test; (6) inter-rater agreement (IRA); (7) Spearman's ρ rank correlation test; and (8) 

Mann-Whitney analysis. 

Reliability testing. In order to accomplish the research objectives IBM® 
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SPSS® Statistics (SPSS) Version 26 was used. The Cronbach’s α reliability test is 

mainly used to verify the internal consistency or reliability of the construct of the 

questionnaire items under the adopted Likert scale of measurement, the range of the 

Cronbach’s α reliability coefficient is from 0 to 1 (Cronbach, 1951; Nunnally, 1994; 

Hollander et al., 2013). Cronbach’s α is computed from the following Equation 4.1:  

𝛼 =
𝑛

𝑛 − 1
 (1 −

∑ 𝜎𝑖
2𝑛

𝑖=1

𝜎𝑋
2 ) Equation 4.1 

Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each 

variable, and 𝜎𝑋
2 is the total variance of the overall score. 

Kendall’s coefficient of concordance (W). The Kendall’s coefficient of 

concordance (W) was employed to measure the agreement of different respondents on 

their rankings regarding CSFs of BIM implementation based on mean values within a 

certain group. The Kendall’s coefficient of concordance measures the agreement of 

the various respondents based on mean values within a particular group (Siegel and 

Castellan, 1988; Hollander et al., 2013). The range of the value of Kendall’s 

coefficient of concordance (W) is from 0 to 1. The higher the value of W, the higher 

the level of consensus among the survey respondents within the group will be (Siegel 

and Castellan, 1988; Legendre, 2005). The value of W is as follows: 

𝑊 =
∑ (𝑅𝑖 − 𝑅)

2𝑛
𝑖=1

𝑛(𝑛2 − 1)/12
, Equation 4.2 

Where 𝑛 is the number of items ranked; 𝑅𝑖 is the average of the ranks assigned 

to the 𝑖𝑡ℎ  item; and 𝑅 is the average of the ranks assigned to all items. 

If the number of variables to be ranked is larger than 7, 𝜒2analysis should be 

applied instead. The rule is that if the calculated 𝜒2 value equals or is higher than the 

critical value from the table, it shows a particular level of significance and value of 
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degrees of freedom (Hollander et al., 2013). The null hypothesis (𝐻0), which indicates 

the survey respondents’ sets of rankings are unrelated or independent to each other 

within a study group, will be rejected. In other words, there is a significant degree of 

agreement on the rankings of the items among the survey respondents within the 

group. The calculated χ2 value with (𝑛 − 1) degrees of freedom is as follows (Siegel 

and Castellan, 1988): 

𝜒2 =  𝜅(𝑛 − 1)𝑊, Equation 4.3 

where 𝑘 is the number of respondents ranking the items, 𝑛 is the number of 

items ranked. 

Spearman’s rank correlation test. The Spearman’s rank correlation coefficient 

was adopted to test the strength of a relationship amongst two sets of rankings (Siegel 

and Castellan, 1988; Hollander et al., 2013). The range of the Spearman’s rank 

correlation coefficient (𝑟𝑠) is from −1to +1 (Hollander et al., 2013). The higher the 

positive/negative value of 𝑟𝑠, the stronger positive/negative linear correlation will be. 

If 𝑟𝑠 = 0, there is no linear correlation at all (Hollander et al., 2013; Field, 2013). If 𝑟𝑠 

is statistically significant at a predetermined significance level (e.g., 5 percent), the 

null hypothesis (𝐻0) stating no significant correlation between the two groups on 

rankings can be rejected. In other words, there is no significant disagreement between 

the two groups on the ranking exercise. The following Equation 4.4 calculates the 𝑟𝑠: 

𝑟𝑠 = 1 −
6 ∑ 𝑑2

𝑛(𝑛2 − 1)
, Equation 4.4 

where 𝑑 is the difference in ranks of the two groups for the same item, 𝑛 is the 

total number of responses regarding that item. 

Mann–Whitney U test. The Mann-Whitney U test was adopted to determine 

any divergences in the median values of the same item among two selected 
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respondent groups (Hollander et al., 2013). The Mann-Whitney U test is used to 

determine any statistically significant differences or divergences in the median values 

of the same item between any two selected respondent groups (Hollander et al., 2013). 

The rule is that if the calculated p-value is less than the allowable significance level 

(e.g. 0.01), the null hypothesis (𝐻0), stating no significant differences in the median 

values of the same item between the two survey groups, can be rejected (Siegel and 

Castellan, 1988). 

Inter‐Rater Agreement (IRA). LeBreton and Senter (2007) recommended 

implementation of (IRA) (𝑎𝑤𝑔) technique to check the strength of the consensus 

between ‘interrater’, The formula for assessing the IRA statistics for each CSFs is 

indicated in Equation 4.5: -  

𝒶𝑤𝑔=1 − (2 × 𝑆𝐷2) [ℎ + 𝑙]𝜇 − 𝜇2 − (ℎ × 𝑙)] × (𝜅 (𝜅 − 1)⁄ )⁄  Equation 4.5 

Where SD characterises the standard deviation for each factor, l the minimum 

possible value of the scale, i.e. 1, h the maximum possible value of the scale, i.e. 5, 𝜅 

the number of respondents, i.e. 8 for the first round and 8 for the second round, and μ 

the mean of all responses against a factor. The mean scores, μ, should range between 

the boundaries, which can be calculated using the following Equation 4.6 and 

Equation 4.7. μmin and μmax for the for the second round were 1.5 and 4.5, 

respectively:  

𝜇𝑚𝑖𝑛 = [𝑙(𝑘 − 1) + ℎ]/𝜅 Equation 4.6 

 

𝜇𝑚𝑎𝑥 = [ℎ(𝑘 − 1) + 𝑙]/𝜅 Equation 4.7 
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4.5 Research analysis, findings, and discussion of results  

4.5.1 Reliability testing 

Cronbach’s α reliability test was engaged in assessing the questionnaire tools 

and scale reliability to confirm that it gauges the accurate hypothesis and assesses its 

internal consistency. The value of α ranges from 0 to 1, while Nunnally (1994) 

recommended a minimum Cronbach’s α value of 0.70. The Cronbach’s α value for the 

Delphi survey’s first round was 0.833, and the Cronbach’s α value for the Delphi 

survey’s second round was 0.827, which is considerably greater than Nunnally’s 

(1994) value. Furthermore, the Shapiro-Wilk test for normality was undertaken to 

work out the distribution of the dataset, whether there are normal distribution or not. 

The thirty critical factors have a significance level p < 0.05, which indicates non-

normally distributed in datasets consequently, subsequent analyses will utilise 

nonparametric statistical approaches. 

4.5.2 Mean, SD, variance, and ranking of CSFs 

Mean scores - x̅ ‘x-bar’ or μ ‘mu’ - was used as a basis of ranking the thirty 

CSFs were, in which respondents' responses in each round of Delphi survey was 

aggregated, if two or more factors have a similar mean score μ, the standard deviation 

(SD) - σ ‘Greek letter Sigma’ - is employed in the ranking, the factor with the smaller 

SD value is allocated advanced level; nonetheless, if they share identical  SD  value, 

factors will keep the equal ranking. Descriptive analysis of ‘variance’ – σ2 ‘Greek 

letter Sigma Squared’ – was also considered. 

Mean score, μ, values of the first round Delphi survey for the thirty CSFs that 

boosts LeanBIM synergy is indicated in Table 4.2 , while Mean, SD, and Ranking of 

the second round is presented in Table 4.3 . Mean score for the thirty (30) identified 

CSFs in the first-round Delphi survey ranges by ‘all experts’ from [μ12 = 4.44, σ12 = 
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0.512, and σ2
12=0.262] for F12: ‘Improving quality and construction project 

performance’ to [μ15 = 3.31, σ15 = 0.873, and σ2
15=0.763] for F15: ‘Reduced risk of 

claims or litigation’. While, mean score for the thirty (30) identified CSFs in the 

second-round Delphi survey ranges by ‘all experts’ from [μ11 = 4.50, σ11 = 0.632, and 

σ2
11=0.40] for F11: ‘BIM training’ to [μ15 = 3,19, σ15 = 0.911, and σ2

15=0.29] for F15: 

‘improving quality and construction project performance.’ 
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Table 4.2: Delphi survey (1st round): BIM CSFs that boosts LeanBIM synergy in 
CMPs (mean, SD, rank) (Evans et al., 2021a) 

Code 
All experts Academics Industry 

practitioners West group East Group 

μ σ R μ σ R μ σ R μ σ R μ σ R 
F1 4.19 0.750 5 4.25 0.707 3 4.13 0.835 5 4.38 0.744 2 4.00 0.756 8 
F2 4.06 0.680 7 4.13 0.641 5 4.00 0.756 9 3.88 0.641 11 4.25 0.707 3 
F3 4.25 0.577 3 4.38 0.518 2 4.13 0.641 5 4.25 0.707 4 4.25 0.463 3 
F4 3.81 0.655 15 3.75 0.707 16 3.88 0.641 13 3.88 0.835 11 3.75 0.463 17 
F5 3.88 0.719 12 3.88 0.641 11 3.88 0.835 13 4.00 0.756 10 3.75 0.707 17 
F6 3.50 0.730 26 3.63 0.744 22 3.38 0.744 27 3.75 0.707 16 3.25 0.707 29 
F7 3.56 0.629 25 3.50 0.535 27 3.62 0.744 20 3.62 0.518 21 3.50 0.756 25 
F8 3.56 0.629 24 3.75 0.707 16 3.38 0.518 27 3.62 0.744 21 3.50 0.535 25 
F9 3.75 0.577 17 3.75 0.463 16 3.75 0.707 16 3.50 0.535 24 4.00 0.535 8 
F10 3.44 0.512 29 3.38 0.518 30 3.50 0.535 21 3.50 0.535 24 3.38 0.518 28 
F11 4.37 0.619 2 4.13 0.641 5 4.62 0.518 2 4.38 0.518 2 4.38 0.744 1 
F12 4.44 0.512 1 4.25 0.463 3 4.63 0.518 1 4.50 0.535 1 4.38 0.518 1 
F13 3.69 0.602 19 3.88 0.641 11 3.50 0.535 21 3.75 0.707 16 3.62 0.518 24 
F14 4.25 0.775 3 4.50 0.756 1 4.00 0.756 9 4.25 1.035 4 4.25 0.463 3 
F15 3.31 0.873 30 3.50 0.756 27 3.13 0.991 30 3.63 1.061 19 3.00 0.535 30 
F16 3.50 0.632 28 3.62 0.744 26 3.38 0.518 27 3.50 0.756 24 3.50 0.535 25 
F17 3.94 0.680 10 3.88 0.641 11 4.00 0.756 9 4.13 0.641 7 3.75 0.707 17 
F18 3.69 0.602 19 3.88 0.641 11 3.50 0.535 21 3.62 0.518 21 3.75 0.707 17 
F19 3.69 0.479 19 3.63 0.518 22 3.75 0.463 16 3.63 0.518 19 3.75 0.463 17 
F20 3.56 0.629 27 3.63 0.744 22 3.50 0.535 21 3.50 0.756 24 3.63 0.518 23 
F21 3.75 0.683 17 4.00 0.756 8 3.50 0.535 21 3.75 0.707 16 3.75 0.707 17 
F22 3.88 0.619 12 4.00 0.535 8 3.75 0.707 16 3.88 0.354 11 3.88 0.835 12 
F23 3.69 0.602 19 3.87 0.354 15 3.50 0.756 21 3.50 0.535 24 3.87 0.641 15 
F24 3.63 0.719 23 3.50 0.756 27 3.75 0.707 16 3.25 0.463 30 4.00 0.756 8 
F25 3.81 0.750 15 3.75 0.707 16 3.88 0.835 13 3.38 0.744 29 4.25 0.463 3 
F26 3.88 0.885 12 3.75 1.035 16 4.00 0.756 9 3.87 0.641 15 3.88 1.126 12 
F27 3.94 0.772 10 3.63 0.744 22 4.25 0.707 3 3.88 0.835 11 4.00 0.756 8 
F28 4.06 0.680 7 4.00 0.756 8 4.13 0.641 5 4.25 0.886 4 3.87 0.354 15 
F29 4.00 0.816 9 3.75 0.707 16 4.25 0.886 3 4.13 0.835 7 3.88 0.835 12 
F30 4.12 0.619 6 4.13 0.641 5 4.13 0.641 5 4.13 0.641 8 4.13 0.641 7 
Cronbach's α 
reliability 
coefficient 

 0.833   0.845   0.834   0.827   0.845  

Number of 
respondents (𝓃)  16   8   8   8   8  

Kendall's coefficient 
of concordance (W)  0.715   0.712   0.718   0.719   0.714  

Calculated χ2  42.781   43.503   43.210   44.413   42.891  

χ2 critical value: - 
from statistical table 
(p = 0.05) 

 42.557   42.557   42.557   42.557   42.557  

Degree of freedom, 
df  ‘𝜐’  29   29   29   29   29  

Significance level 
(p)  0.048   0.040   0.043   0.038   0.045  

 
Furthermore, an investigation of the results following the second-round Delphi 

survey discovered that the respondents - all experts - altered their prioritisation of 

particular CSFs with other CSFs interchanging rankings. For instance, all experts 

ranked the most significant five-CSFs 1st to 5th in the first-round Delphi survey as 
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F12, F11, F14, F3 and F1 respectively, while all experts – ranked the most significant 

five-CSFs 1st to 5th in the second-round Delphi survey as F11, F12, F1, F3 and F14 

respectively. While, all experts ranked the last five-CSFs 30th to 26th in the first-round 

Delphi survey as F15, F10, F16, F20, and F6 respectively, while all experts ranked the 

least significant five-CSFs 30th to 26th in the second-round Delphi survey as F15, F10, 

F16, F8 and F20 respectively. It has been noticed that after the second-round Delphi 

survey, some CSFs ascended in their ranking while other CSFs descend in their 

ranking. Noting the following second-round Delphi survey, the agreement was 

reached by the entire expert groups on the most significant five-CSFs that boosts 

LeanBIM synergy in CMPs. The expert panel despite different industry back groups, 

i.e., academics and industry practitioners and region of current and previous 

construction experience, i.e., West and East groups had wide consensus on the most 

significant five-CSFs and the least significant five-CSFs with a noticeable level of 

concordance. 
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Table 4.3: Delphi survey (2nd round): BIM CSFs that boosts LeanBIM synergy in 
CMPs (mean, SD, rank) (Evans et al., 2021a) 

Code 
All experts Academics Industry 

practitioners West group East Group 

μ σ R μ σ R μ σ R μ σ R μ σ R 
F1 4.31 0.704 3 4.50 0.535 1 4.13 0.835 6 4.38 0.744 2 4.25 0.707 3 
F2 4.12 0.806 7 4.13 0.835 7 4.13 0.835 6 4.00 0.756 11 4.25 0.886 3 
F3 4.25 0.577 4 4.38 0.518 2 4.13 0.641 6 4.37 0.744 4 4.13 0.354 7 
F4 3.94 0.772 11 3.75 0.707 12 4.13 0.835 6 4.00 0.926 11 3.88 0.641 10 
F5 3.88 0.619 12 3.87 0.354 11 3.88 0.835 13 4.00 0.756 11 3.75 0.463 19 
F6 3.50 0.730 23 3.63 0.744 21 3.38 0.744 25 3.75 0.707 16 3.25 0.707 28 
F7 3.50 0.730 23 3.50 0.535 23 3.50 0.926 21 3.38 0.744 22 3.63 0.744 21 
F8 3.37 0.719 27 3.50 0.756 23 3.25 0.707 27 3.38 0.744 22 3.38 0.744 26 
F9 3.56 0.727 20 3.38 0.744 26 3.75 0.707 15 3.25 0.707 28 3.88 0.641 10 
F10 3.31 0.602 29 3.13 0.641 30 3.50 0.535 21 3.25 0.707 28 3.38 0.518 26 
F11 4.50 0.632 1 4.38 0.744 2 4.62 0.518 1 4.62 0.518 1 4.38 0.744 2 
F12 4.44 0.512 2 4.38 0.518 2 4.50 0.535 2 4.38 0.518 2 4.50 0.535 1 
F13 3.50 0.730 23 3.75 0.707 12 3.25 0.707 27 3.50 0.926 18 3.50 0.535 24 
F14 4.19 0.750 5 4.38 0.744 2 4.00 0.756 11 4.13 0.991 5 4.25 0.463 3 
F15 3.19 0.911 30 3.25 0.886 29 3.13 0.991 29 3.63 1.061 17 2.75 0.463 30 
F16 3.31 0.602 28 3.50 0.535 23 3.13 0.641 29 3.38 0.518 22 3.25 0.707 28 
F17 3.88 0.719 12 3.88 0.641 9 3.88 0.835 13 4.13 0.641 5 3.63 0.744 21 
F18 3.69 0.602 17 3.75 0.707 12 3.62 0.518 20 3.50 0.535 18 3.88 0.641 10 
F19 3.69 0.479 17 3.75 0.463 12 3.63 0.518 19 3.50 0.535 18 3.87 0.354 16 
F20 3.44 0.629 26 3.38 0.744 26 3.50 0.535 21 3.38 0.518 22 3.50 0.756 24 
F21 3.56 0.629 20 3.75 0.707 12 3.38 0.518 25 3.50 0.535 18 3.63 0.744 21 
F22 3.88 0.719 12 4.00 0.756 8 3.75 0.707 15 3.88 0.641 15 3.88 0.835 10 
F23 3.63 0.719 19 3.75 0.707 12 3.50 0.756 21 3.38 0.744 22 3.87 0.641 16 
F24 3.56 0.814 20 3.38 0.916 26 3.75 0.707 15 3.25 0.463 28 3.88 0.991 10 
F25 3.75 0.683 16 3.75 0.707 12 3.75 0.707 15 3.38 0.744 22 4.13 0.354 7 
F26 3.88 1.088 12 3.75 1.165 12 4.00 1.069 11 4.00 0.926 11 3.75 1.282 19 
F27 4.00 0.966 9 3.63 1.061 21 4.38 0.744 3 4.13 0.991 5 3.88 0.991 10 
F28 4.00 0.730 9 3.75 0.707 12 4.25 0.707 5 4.13 0.991 5 3.87 0.354 16 
F29 4.12 0.719 7 3.88 0.641 9 4.38 0.744 3 4.13 0.835 5 4.13 0.641 7 
F30 4.19 0.544 5 4.25 0.463 6 4.13 0.641 6 4.13 0.641 5 4.25 0.463 3 
Cronbach's α 
reliability 
coefficient 

 0.837   0.826   0.834   0.827   0.825  

Number of 
respondents (𝓃)  16   8   8   8   8  

Kendall's coefficient 
of concordance (W)  0.751   0.749   0.756   0.742   0.754  

Calculated χ2  43.210   44.413   43.584   44.413   42.891  

χ2 critical value: - 
from statistical table 
(p = 0.05) 

 42.557   42.557   42.557   42.557   42.557  

Degree of freedom, 
df  ‘𝜐’  29   29   29   29   29  

Significance level 
(p)  0.043   0.038   0.041   0.039   0.045  
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4.5.3 Kendall’s coefficient of concordance and χ2 analysis  

Kendall's coefficient of concordance (W) nonparametric test was applied using 

IBM® SPSS® Statistics to measure the level of agreement within the expert’s panel 

‘interrater’ agreement cluster and the validate the consistency of concord through 

different rounds of Delphi survey. Kendall’s W is always between 0 and 1 values, 

where 0 indicates perfect disagreement between interrater; and 1 reflects a perfect 

agreement between interrater.  Table 4.2 and  Table 4.3 show the W value of the 

expert panel ranged from 0.663 to 0.751 following the second-round Delphi survey. 

Moreover, Chi-Square Independence Test, χ2, tests were engaged to ensure that 

changes between the first-round and the second-round Delphi survey are dependant, 

and the second-round Delphi survey has improved the improved concordance between 

the entire members of expert’s panel. Table 4.2 and  Table 4.3 demonstrate χ2 values 

for the first-round and second-round Delphi survey results. The Chi-Square value, χ2, 

for the expert panel ‘all experts’ had improved from enhanced from, χ2 = 42.781 in 

the 1st round Delphi survey results to χ2 = 43.609 in the 2nd round Delphi survey 

results, and both values of χ2 were greater than its critical chi‐squared value χ2 of 

42.557 for (p = 0.05) at a degree of freedom - df - lowercase Greek letter nu ‘𝜐’ - of 

29 from the statistical tables. Consequently, both first-round and second-round Delphi 

survey have a significance level p of 0.048 and 0.040 respectively, both significance 

level ‘p’ values are less than the 0.05 threshold. Based upon these results, it is claimed 

that the results of the survey observation data, findings are accurate with more than 

95% confidence level. 

4.5.4 IRA analysis: CSFs LeanBIM significance level  

Brown and Hauenstein (2005) recommended the use of IRA technique to 

conduct the consensus analysis amongst the respondent clusters. Inter‐rater agreement 
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(IRA) analysis was adopted to figure out the significance level of CSFs that affects 

LeanBIM synergy. All CSFs that boost LeanBIM synergy were ranked and prioritised 

based on the were prioritised based on their mean score, μ, obtained from the second-

round Delphi survey. Scale intervals to understand the significance of each factor for 

5-Likert scale – as adopted by Zahoor et al. (2017) - were drawn as: - (μ ≥ 4.51) 

‘extremely important’, (3.51 ≤ μ ≤ 4.5) ‘very important’, (2.51 ≤ μ ≤ 3.5) ‘important’, 

(1.51 ≤ μ ≤ 2.5) ‘some-what important’, and (μ < 1.5) ‘not important’.  

LeBreton and Senter (2007) recommended implementation of the IRA (awg) 

technique to check the strength of the consensus between ‘interrater’, i.e. respondent 

clusters for both rounds of Delphi survey, and validate the interrater agreement 

acquired through the mean score, μ, ranking and the chi-square, χ2 , analysis. Brown 

and Hauenstein (2005) specified a set of guides for the interpretation of the IRA 

evaluations, as: (0.91-1.00) ‘very strong agreement,’ (0.71-0.90) ‘strong agreement’ 

(0.51-0.70) ‘moderate agreement,’ (0.31-0.50) ‘weak agreement’, and (0.00-0.30) 

‘lack of agreement.’ Table 4.4 demonstrates the IRA and significance level statistics 

were applied to evaluate the level of agreement reached by the respondents at each 

round of Delphi survey.  

The expert panel view evolved between the first and the second rounds of the 

Delphi Survey. Table 4.4 reveals that the majority of factors retained its significance 

level following second-round Delphi survey, expect fewer factors such as F8 

‘cooperation of simultaneous access of construction work’, F16 ‘senior organisational 

management support,’ and F20 ‘Boosting implementation of LC, and integrating 

project delivery.’ were demoted by the expert panel from ‘very important’ to 

‘important.’ While only F15 ‘reduced risk of claims or litigation’ had is significantly 

promoted from ‘important’ to ‘very important.’ 
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Table 4.4: IRA analysis and Significance of the CSFs of LeanBIM synergy (Evans 
et al., 2021a) 

CSF 
Coding 

1st   
Round  2nd   

Round  2nd 
Rnd. 1st Round 2nd Round 

 
IRA         
a(wg) 
score 

Agreement 
level 

IRA         
a(wg) 
score 

Agreement 
level 

IRA 
Rank Significance Significance 

F1 0.592 Moderate 0.593 Moderate 25 V. imp. V. imp. 
F2 0.699 Moderate 0.556 Moderate 28 V. imp. V. imp. 
F3 0.744 Strong 0.744 Strong 12 V. imp. V. imp. 
F4 0.759 Strong 0.641 ↓ Moderate 23 V. imp. V. imp. 
F5 0.699 Moderate 0.777 ↑ Strong 8 V. imp. V. imp. 
F6 0.734 Strong 0.734 Strong 15 V. imp. V. imp. 
F7 0.799 Moderate 0.734  ↑ Strong 14 V. imp. V. imp. 
F8 0.799 Moderate 0.749 ↑ Strong 9 V. imp. ↓ Important 
F9 0.818 Strong 0.731 Strong 16 V. imp. V. important 
F10 0.871 Strong 0.826 Strong 3 Important Important 
F11 0.662 Strong 0.572 ↓ Moderate 27 V. imp. V. imp. 
F12 0.745 Strong 0.745 Strong 11 V. imp. V. imp. 
F13 0.807 Strong 0.734 Strong 13 V. imp. V. imp. 
F14 0.538 Moderate 0.592 Moderate 26 V. imp. V. imp. 
F15 0.634 Moderate 0.607 Moderate 24 Important ↑V. imp. 
F16 0.800 Strong 0.826 Strong 2 V. imp. ↓ Important 
F17 0.722 Strong 0.699 ↓ Moderate 18 V. imp. V. imp. 
F18 0.807 Strong 0.807 Strong 4 V. imp. V. imp. 
F19 0.878 Strong 0.878 Strong 1 V. imp. V. imp. 
F20 0.799 Strong 0.805 Strong 5 V. imp. ↓ Important 
F21 0.746 Strong 0.799 Strong 6 V. imp. V. imp. 
F22 0.777 Strong 0.699 ↓ Moderate 19 V. imp. V. imp. 
F23 0.807 Strong 0.731 Strong 17 V. imp. V. imp. 
F24 0.731 Strong 0.663 ↓ Moderate 21 V. imp. V. imp. 
F25 0.685 Strong 0.746 Strong 10 V. imp. V. imp. 
F26 0.545 Moderate 0.312 ↓ Weak 30 V. imp. V. imp. 
F27 0.641 Moderate 0.417 ↓ Weak 29 V. imp. V. imp. 
F28 0.699 Moderate 0.667 Moderate 20 V. imp. V. imp. 
F29 0.584 Moderate 0.647 Moderate 22 V. imp. V. imp. 
F30 0.738 Strong 0.785 Strong 7 V. imp. V. imp. 
Notes: - Scale interval and interpretation 

(1) IRA: (0.91-1.00) ‘very strong agreement’, (0.71-0.90) ‘strong agreement’ (0.51-0.70) ‘moderate agreement’, 
(0.31-0.50) ‘weak agreement’, and (0.00-0.30) ‘lack of agreement’. ↓: decrease; ↑: increase. 

(2) Significance: (μ ≥ 4.51) ‘extremely important’, (3.51 ≤ μ ≤ 4.5) ‘very important’, (2.51 ≤ μ ≤ 3.5) 
‘important’, (1.51 ≤ μ ≤ 2.5) ‘some-what important’, and (μ < 1.5) ‘not important’. ↓: decrease; ↑: increase. 
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IRA analysis of concordance between respondents revealed that there in the 

first-round Delphi survey there were ‘moderate’ to ‘strong’ level consensus between 

members of the expert panel while Table 4.4 demonstrates that the level of agreement 

between the evaluators had slightly adjusted from ‘week’ to ‘strong’ level of 

agreement. Table 4.5 illustrates that three factors improved their agreement levels 

from ‘moderate’ to ‘strong’ after the second-round as: F5, F7, and F8, whereas five 

factors (F4, F11, F17, F22, F24) were demoted their agreement level from ‘strong’ to 

‘moderate,’ while two factors (F26, F27) downgraded from ‘moderate’ to ‘week.’ 

after the second-round Delphi survey. Generally, IRA analysis supports that strong 

agreement accomplished by the expert panel. 

Significance level rating and IRA analysis were used to rank each critical 

factor in descending order of their significance level, as indicated in Table 4.5. Based 

on the final inference after the second-round Delphi survey; the factors significance 

levels range from ‘important’ to ‘very important,’ while IRA levels range from ‘lack 

of agreement’ to ‘very strong agreement.’ The five most significant CSFs that had a 

strong consensus and higher rated by the expert panel as shown in Table 4.5 were 

F19: ‘collaboration in design, construction works, and engineering management,’ F16 

‘senior organisational management support,’ F10 ‘coordination and planning of 

construction work,’ F18 ‘earlier and precise 3D visualisation of design,’ and F20 

‘boosting implementation of LC, and integrating project delivery.’ Table 4.5 also 

shows that least significant factors as: F14 ‘development of a legal framework for 

BIM’, F11 ‘BIM training,’ F2 ‘adequate cost allocation to BIM,’ F27 ‘acoustical 

(sound) simulation and analysis,’ and F26 ‘structural analysis and design.’ It has been 

noticed that there was a ‘moderate’ to ‘week’ agreement level between the expert 

panel about these factors, but the overall rank by the evaluators positioned those 
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factors at the bottom of the list of the CSFs. 

Table 4.5: Summary of the significant BIM CSFs boost LeanBIM synergy in 
descending order (Evans et al., 2021a) 

Code CSFs Ranking Significance Agreement level 

F19 Collaboration in design, construction works, and engineering 
management 1 V. imp. Strong 

F16 Senior organisational management support 2 ↓ Important Strong 
F10 Coordination and planning of construction work 3 Important Strong 
F18 Earlier and precise 3D visualisation of designs 4 V. imp. Strong 
F20 Boosting implementation of LC, and integrating project 

delivery 5 ↓ Important Strong 

F21 Elaborating BIM models for offsite prefabrication and shop 
drawings 6 V. imp. Strong 

F30 Establishing BIM and LC standards, codes, rules, and 
regulations 7 V. imp. Strong 

F5 Improving site layout and site safety 8 V. imp. ↑ Strong 
F8 Cooperation of simultaneous access of construction work 9 ↓ Important ↑ Strong 
F25 Ensuring effective communication among project participants 10 V. imp. Strong 
F12 Improving quality and construction project performance 11 V. imp. Strong 
F3 Clash detection, integrating, coordinating, and validating design 12 V. imp. Strong 
F13 Enhancing exchange of information and knowledge 

management 13 V. imp. Strong 
F7 Reducing construction project duration 14 V. imp. ↑ Strong 
F6 Reducing construction project cost 15 V. imp. Strong 
F9 Extracting cost estimation and quantity take off 16 V. imp. Strong 
F23 Accuracy and reliability of documents and data 17 V. imp. Strong 
F17 Improving facility management i.e., operations and 

maintenance (O & M) 18 V. imp. ↓ Moderate 
F22 4D construction scheduling and sequencing (3D + time) 19 V. imp. ↓ Moderate 
F28 5D cost estimation and scheduling (3D + time + cost) 20 V. imp. Moderate 
F24 MEP simulation and analysis (HVAC) 21 V. imp. ↓ Moderate 
F29 Predicting, simulating, and analysing environmental condition 

(airflow, weather) 22 V. imp. Moderate 
F4 Predictive analysis of performance (thermal, energy, i.e., CO2) 23 V. imp. ↓ Moderate 
F15 Reduced risk of claims or litigation 24 ↑ V. imp. Moderate 
F1 Integrating project documentation/bid preparation 25 V. imp. Moderate 
F14 Development of a legal framework for BIM 26 V. imp. Moderate 
F11 BIM training 27 V. imp. ↓ Moderate 
F2 Adequate cost allocation to BIM 28 V. imp. Moderate 
F27 Acoustical (sound) simulation and analysis 29 V. imp. ↓ Weak 
F26 Structural analysis and design 30 V. imp. ↓ Weak 

 

4.5.5 Agreement of respondents between expert’s panel  

Supplementary inferential statistical analysis was also used for further 

nonparametric analysis; this included Spearman's rank-order correlation coefficient 

‘ρ’ or (or the Greek letter ρ, pronounced rho) test as a nonparametric measure of rank 

correlation, and the Mann-Whitney U test as a comparative analysis of responses from 

the expert panel groups. 
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4.5.6 Spearman’s correlation test  

The Spearman correlation coefficient, 𝑟𝑠, test was used to evaluate the level of 

consensus amongst any two expert groups. Its value ranges from +1 to -1. A 𝑟𝑠 of +1 

indicates a perfect positive correlation, while a 𝑟𝑠 of -1 indicated a perfect negative 

correlation, the closer 𝑟𝑠 is to zero, the weaker correlation between ranks. Findings of 

analysis reveal a weak but positive correlation among the ‘industry practitioners’ and 

‘academics’ groups at a 𝑟𝑠 of 0.632. while analysis showed that moderate but positive 

correlation between the ‘East’ and ‘West’ groups at a 𝑟𝑠 of 0.545. 

4.5.7 Mann-Whitney U test  

Mann-Whitney U test was used to examine potential significant divergencies 

among the values of median of a specific factor among two respondents' groups, 

where a smaller ‘U’ value implies a significant divergence in the judgments among 

two groups. The null hypothesis, H0, of significance assumes ‘there are no significant 

divergencies among the values of median of a specific factor among two respondents' 

groups.’ When the significance level (p) of a factor is less than 0.05 (p < 0.05); thus, 

the null hypothesis, H0, is rejected.  

Mann-Whitney U test findings between the ‘academics’ and ‘industry 

practitioners.’ groups. Table 4.6 shows all CSFs were not significant (p > 0.05). 

Therefore, the null hypothesis, 𝐻0 cannot be rejected. Values of the median reflect 

the perceived vision of importance. Table 4.6 indicates the mean rankings for each 

factor; for instance, factor (F29) of the industry practitioners (10.1) while the mean 

value of the academics is (6.9). In general, there was a difference in perception of the 

perceived importance of each BIM CSF that boosts LC synergy his between 

academics and industry practitioners due to the different nature of their background 

experience. 
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Table 4.6: Mann-Whitney U test among the practitioner and academic groups on 
BIM CSFs and LC (Evans et al., 2021a) 

Code 
Mean rank Mann-

Whitney U Z value p-value Conclusion 
H0 Academics Indus. Prof. 

F1 9.5 7.5 24.0 -0.920 0.358 Accept 
F2 8.5 8.5 32.0 0.000 1.000 Accept 
F3 9.3 7.7 25.5 -0.800 0.424 Accept 
F4 7.4 9.6 23.5 -0.955 0.340 Accept 
F5 8.6 8.4 31.0 -0.122 0.903 Accept 
F6 9.0 8.0 28.0 -0.460 0.646 Accept 
F7 8.5 8.5 32.0 0.000 1.000 Accept 
F8 9.4 7.6 25.0 -0.810 0.418 Accept 
F9 7.6 9.4 24.5 -0.867 0.386 Accept 
F10 7.3 9.8 22.0 -1.195 0.232 Accept 
F11 7.8 9.2 26.5 -0.657 0.511 Accept 
F12 8.0 9.0 28.0 -0.488 0.626 Accept 
F13 9.9 7.1 21.0 -1.264 0.206 Accept 
F14 9.6 7.4 23.0 -1.019 0.308 Accept 
F15 8.9 8.1 29.0 -0.349 0.727 Accept 
F16 9.8 7.3 22.0 -1.195 0.232 Accept 
F17 8.6 8.4 31.5 -0.057 0.954 Accept 
F18 8.8 8.2 29.5 -0.299 0.765 Accept 
F19 9.0 8.0 28.0 -0.522 0.602 Accept 
F20 8.3 8.8 30.0 -0.236 0.814 Accept 
F21 9.7 7.3 22.5 -1.120 0.263 Accept 
F22 9.3 7.8 26.0 -0.687 0.492 Accept 
F23 9.4 7.6 25.0 -0.810 0.418 Accept 
F24 7.4 9.6 23.5 -0.960 0.337 Accept 
F25 8.5 8.5 32.0 0.000 1.000 Accept 
F26 8.0 9.0 28.0 -0.439 0.661 Accept 
F27 6.8 10.2 18.5 -1.491 0.136 Accept 
F28 7.0 10.0 20.0 -1.369 0.171 Accept 
F29 6.9 10.1 19.5 -1.431 0.152 Accept 
F30 8.9 8.1 29.0 -0.387 0.699 Accept 
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Mann-Whitney U test findings between the ‘East’ and ‘West’ groups. Table 

4.7 illustrates all factors were not significant (p > 0.05). Therefore, the null 

hypothesis, H0 cannot be rejected. Values of the median reflect the perceived vision of 

importance. Table 4.7 indicates the mean ranking for each factor; for instance, factor 

(F19) of the industry practitioners (10) while the mean value of the academics is (7). 

In general, there was a difference in perception of the perceived importance of each 

BIM CSFs that boosts LC synergy between the East group and the West group due to 

the different nature of background experience. 

  



144  

Table 4.7: Mann-Whitney U test among the ‘east’ and ‘west’ groups on BIM CSFs 
and LC (Evans et al., 2021a) 

Code 
Mean rank Mann-

Whitney U Z value p-value Conclusion 
H0 East West 

F1 8.06 8.94 28.50 -0.403 0.687 Accept 
F2 9.25 7.75 26.00 -0.671 0.502 Accept 
F3 7.44 9.56 23.50 -1.046 0.295 Accept 
F4 8.19 8.81 29.50 -0.281 0.779 Accept 
F5 7.75 9.25 26.00 -0.732 0.464 Accept 
F6 7.13 9.88 21.00 -1.264 0.206 Accept 
F7 9.00 8.00 28.00 -0.460 0.646 Accept 
F8 8.50 8.50 32.00 0.000 1.000 Accept 
F9 10.31 6.69 17.50 -1.677 0.094 Accept 
F10 8.81 8.19 29.50 -0.299 0.765 Accept 
F11 7.81 9.19 26.50 -0.657 0.511 Accept 
F12 9.00 8.00 28.00 -0.488 0.626 Accept 
F13 8.50 8.50 32.00 0.000 1.000 Accept 
F14 8.63 8.38 31.00 -0.113 0.910 Accept 
F15 6.50 10.50 16.00 -1.862 0.063 Accept 
F16 8.19 8.81 29.50 -0.299 0.765 Accept 
F17 6.94 10.06 19.50 -1.431 0.152 Accept 
F18 9.75 7.25 22.00 -1.195 0.232 Accept 
F19 10.00 7.00 20.00 -1.567 0.117 Accept 
F20 9.19 7.81 26.50 -0.648 0.517 Accept 
F21 8.75 8.25 30.00 -0.236 0.814 Accept 
F22 8.44 8.56 31.50 -0.057 0.954 Accept 
F23 10.25 6.75 18.00 -1.620 0.105 Accept 
F24 10.38 6.63 17.00 -1.694 0.090 Accept 
F25 11.13 5.88 11.00 -2.430 0.015 Accept 
F26 8.13 8.88 29.00 -0.329 0.742 Accept 
F27 7.94 9.06 27.50 -0.497 0.619 Accept 
F28 7.75 9.25 26.00 -0.685 0.494 Accept 
F29 8.44 8.56 31.50 -0.057 0.954 Accept 
F30 8.88 8.13 29.00 -0.387 0.699 Accept 

 

4.6 Contribution to the body of knowledge   

This research examined the key steering factors that can boost BIM tools and 

LC principles in megaprojects. Furthermore, the lack of knowledge and means needed 

to enhance BIM and LC synergy are examined to take both initiatives towards full 

levels of maturity of LeanBIM. Hence, appraisal of thirty (30) BIM CSFs by an expert 

panel - comprising academics and industry practitioners - that can aid the consistent 

execution of LeanBIM in the AEC industry. The CSFs are based on the literature to 

provide a starting point for dialogue with clients, real-estate developers, key project 

stakeholders, local authorities, decision-makers, and academics. The CSFs can be 

considered as a roadmap for contractors, engineering consultants, clients, and 
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authorities in designing robust policies and legal guidelines to boost LeanBIM 

synergy. Although there were some differences in perceptions of the significance 

between ‘academics’ and ‘industry practitioners,’ there is still a need to bridge the gap 

in this regard. Findings of this research can shape the foundation of benchmarks for 

synergy and maturity of LeanBIM practice on CMPs. 

4.7 Conclusion   

BIM critical success factors are the drive towards the LeanBIM synergy that 

enhances and support construction organisations to adopt BIM technologies and 

implement it along with LC approaches to obtain the optimum benefits. Therefore, the 

present research has examined and evaluated the CSFs that boost the integration of 

BIM and LC, in the design and construction of projects, thus leading to towards a 

LeanBIM synergy. A comprehensive review of literature identified thirty (30) CSFs 

from existing research. 

A Delphi survey technique was implemented as the main study method that 

was contributed to by 16 specialists from different countries through a two‐round 

Delphi survey. The expert panel consisted of eight industry practitioners and eight 

academics. Data sets collected from both rounds of Delphi survey were subjected to 

numerous statistical analytical techniques such as mean score ranking, chi‐squared 

tests, Cronbach’s α reliability testing, IRA test, to inspect the reliability and 

creditability of the collected dataset and to rank and prioritise the CSFs. Satisfactory 

level of agreement was obtained by the expert panel following the second-round of 

Delphi survey. IRA analysis was employed to validate the consent obtained by the 

expert panel on CSFs. Generally, the expert panel developed a level of consensus 

after the second round of the Delphi survey. 

The expert panel amended their rankings of some CSFs after the first-round of 
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Delphi survey, whilst some factors maintained their rankings; other factors increased 

or reduced in the ranking. An IRA value approach was adopted and accepted to 

identify the significance level of each CSF and to rank the factors in descending order 

of significance. The expert panel rated the five extreme significant BIM CSFs that 

boost LeanBIM synergy were ‘collaboration in design, construction works, and 

engineering management,’ ‘senior organisational management support,’ ‘coordination 

and planning of construction work,’ ‘earlier and precise 3D visualisation of design,’ 

and ‘boosting implementation of LC and integrating project delivery.’ While, the 

expert panel rated the least five least significant BIM CSFs as ‘development of a legal 

framework for BIM,’ ‘BIM training,’ ‘adequate cost allocation to BIM,’ ‘acoustical 

(sound) simulation and analysis,’ and ‘structural analysis and design.’ 

Future research should negotiate a project‐based case study to postulate and 

validate the identified CSFs, and their applicability, nature, and behaviour in different 

countries.  The research conclusions give a roadmap to project stakeholders and rank 

factors drive that enhance BIM and LC maturity, and support LeanBIM synergy on 

CMPs. The research has also contributed to the extant body of knowledge in LC, 

BIM, and LeanBIM research domains by exploring CSFs, ranking these factors in 

addition to a comparative analysis of the respondents' area of experience and industry 

background. It is hoped the conclusion of this research will generate impetus to 

achieve full LeanBIM synergy. 

4.8 Originality/value  

BIM and LC have gained momentum in the last decade. The research 

investigates CSFs) that enhance integration between BIM and LC practices on CMPs. 

The Delphi survey technique was utilised to gauge opinions of a panel of sixteen (16) 

experts through a two‐round Delphi questionnaire survey. Panel responses were 
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scrutinised using inferential and descriptive statistical techniques. Thirty (30) CSFs 

were identified in the literature. The top ranked factor out of 30 that supports 

LeanBIM synergy was ‘collaboration in design, construction works, and engineering 

management. Other top-rated CSFs were centric on people, data and technology 

elements. The research findings are important for project stakeholders, organisations, 

contractors, engineers, and local authorities who implement LC and BIM synergies in 

CMPs. The research recommends further hands-on training to increase the integration 

of BIM and LC practices in the AEC industry and to enrich the extant body of 

knowledge in CMPs. 

4.9 Chapter summary  

The current presents a comprehensive review and investigates CSFs that 

enhance integration between BIM and LC practices on CMPs. The following chapter 

investigates the critical barriers encountered by key construction stakeholders in their 

efforts to integrate BIM and LC in the CMPs. 
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5. CHAPTER 5: BARRIERS TO INTEGRATING BUILDING 

INFORMATION MODELLING (BIM) AND LEAN 

CONSTRUCTION PRACTICES ON CONSTRUCTION 

MEGAPROJECTS: A DELPHI STUDY5 

 
5.1 Chapter overview 

The construction industry encounters substantial challenges in its evolution 

towards sustainable development and in the adoption of BIM technology and lean 

construction (LC) practices on CMPs. This research aim is to investigate the critical 

barriers encountered by key construction stakeholders in their efforts to integrate BIM 

and LC in the CMPs. A two-round Delphi survey shaped the foundation of 

aggregating consensus between an expert panel that examined a set of 28 barriers 

resulting from a detailed analysis of extant literature. Descriptive and inferential 

statistical tests were exploited for data analysis, and interrater agreement analysis was 

used to elaborated and validate results. The research concluded that the key barriers 

by descending order of significance are lack of mandatory BIM and LC industry 

standards and regulations by the government, resistance of the industry to change 

from traditional practices to LeanBIM, high cost of software licences, and training 

and running of BIM. The research findings and the proposed mitigation strategy will 

enhance the application of BIM and LC practices in CMPs and allow project key 

stakeholders to place emphasis on tackling the crucial challenges and barriers 

identified in this research. 

 
5 This chapter is derived and edited from: 

Evans, M. and Farrell, P., 2021. Barriers to integrating building information modelling 
(BIM) and lean construction practices on construction mega-projects: a Delphi 
study. Benchmarking: An International Journal, Vol. 28 No. 2, pp. 652-669.  
https://doi.org/10.1108/BIJ-04-2020-0169 

https://doi.org/10.1108/BIJ-04-2020-0169
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5.2 Introduction 

BIM and LC approaches have been introduced as two distinctive but integral 

initiatives (Sacks et al., 2010; Sacks et al., 2009). Developing modern standards for 

implementation of BIM is required (Olawumi et al. 2018), while full integration 

between BIM and LC is necessary to achieve the optimum LeanBIM synergy. 

Numerous studies have negotiated the potential, barriers, risk, challenges, critical 

success factors, critical failure factor of BIM and its influence on the successful 

delivery of construction projects (Olawumi and Chan, 2019a; Hamzeh et al., 2016; 

Dave et al., 2013; Ghaffarianhoseini et al., 2017; Azhar et al., 2012; Chan et al., 2014; 

Sacks et al., 2010; Chan et al., 2019; Elhendawi et al., 2019; Evans et al., 2020b). 

BIM is a revolutionary design-based technology (Olawumi et al., 2018), which 

provides tangible value when implemented fully integrated with LC (Bui et al. 2016). 

BIM implementation encompasses two main characteristics; (1) technology i.e., 

software that facilitates the modelling, and (2) visualisation processes which enables 

users to analyse the model and retrieve important information such as costs, 

schedules, clash detection and more (Sacks et al., 2010; Sacks et al. 2009; Sacks et al., 

2018). BIM inherent characteristics are also compatible with LC principles (Hamzeh 

et al., 2016; Zhang et al., 2018). Even though the construction industry has started the 

adoption of BIM and LC principles; there are still lots of barriers and challenges to 

achieve ultimate LeanBIM synergies. 

5.2.1 Knowledge gap, ROs, and values 

This research is found to deliver the fundamental link to bridge the gap among 

BIM. tools and LC practice by consulting specialist teams to understand significant 

barriers that hinder the consistent application of BIM and LC approaches in CMPs. 

All research goals are in the context of design and construction phases mega projects.  



150  

The three research questions are as follows: 

RQ1. What are the key barriers that can hinder the application of BIM 

to improve LC approaches? 

RQ2. How important are the barriers in the implementation of BIM 

tools and the principal objective of LC practice? 

RQ3. How do the opinions of an expert panel vary based on their 

professions? 

The study aim is to evaluate the barriers to the integration of BIM and LC 

principles. The objectives are: (1) to investigate existing literature and review the 

barriers to BIM and LC implementation; (2) to order and prioritise barrier factors 

according their significance levels; and (3) to commence a comparative analysis of 

LeanBIM applications between respondents’ groups. The research outcomes will 

support key stakeholders in the construction industry such as governments, clients, 

engineers, real-estate developers, owners, and construction project teams that expect 

to adopt BIM and LC implementation. Outcomes of the research will contribute to 

and reinforce the current body of knowledge in the LC and BIM research domain by 

appraising barriers and substantial concerns that hinder the synergy of LeanBIM 

integration. Moreover, the outcomes will introduce recommendations and hands-on 

guidelines regarding progressing the implementation and adoption of BIM and LC in 

the built environment. 

The chapter is organised into six sections. Section 5.2 introduces the topic. 

Section 5.3 is a literature review. Section 35.4describes the research methodology. 

Section 5.5 provides the research analysis, findings, and discussion of results. Section 

5.6 details strategies to overcome barriers. Finally, Section 5.7 presents the conclusion 

and recommendations of the research. 
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5.3 Literature review 

BIM has transformed infrastructure and building development within the AEC 

industry over recent decades (Sacks et al., 2018). A plethora of research illustrates the 

merits of BIM application through the development of entire life cycle of projects 

(Olawumi et al., 2018). BIM adoption has gained momentum and attention from key 

stakeholders and decision-makers in the construction industry (Sacks et al., 2009; 

Sacks et al., 2010; Evans et al., 2020a). BIM dimensions in construction extend from 

3D to 4D (scheduling), 5D (estimating), and 6D (facilities management) (Shirowzhan 

et al., 2020; Tan et al., 2019; Olawumi et al., 2018). BIM and LC integration could 

explore the full synergy of LeanBIM and could be considered as multi-dimensional 

i.e., the 10th dimension XD (10D).  There have been some research studies about 

BIM and LC interrelations. Azhar et al. (2012) investigated BIM trends, critical 

success factors (CSFs), and barriers that hinder the application of BIM. Evans et al. 

(2021c) investigated the CSFs that enhance integration between BIM and LC 

practices on CMPs and concluded that the five extreme significant BIM CSFs that 

boost LeanBIM synergy were ‘collaboration in design, construction works, and 

engineering management,’ ‘senior organisational management support,’ ‘coordination 

and planning of construction work,’ ‘earlier and precise 3D visualisation of design,’ 

and ‘boosting implementation of LC and integrating project delivery.’ Chan (2014) 

considered the barriers of implementing BIM in the construction industry in Hong 

Kong, and Chan et al. (2019) investigated benefits and barriers to implementing BIM 

in construction. Dave et al. (2013) investigated LC implementation in construction. 

Sacks et al. (2018) introduced a guideline to BIM for contractors, owners, designers, 

and engineers. Other researchers examined the benefits, risk, challenges, and barriers 

to the application of BIM such as Ghaffarianhoseini et al. (2017); Hamzeh et al. 
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(2016); Hong et al. (2018); Jin et al. (2017); Olatunji et al., (2017); Olawumi et al., 

(2017); Olawumi et al., (2018); Olawumi and Chan, (2019a); Olawumi and Chan 

(2019b); and Tan et al. (2018). Ozorhon and Karahan (2017) examined the critical 

barrier factors (CBFs) of BIM implementation. Rogers et al. (2015) deliberated on the 

adoption of BIM in Malaysian engineering consulting services. There are a few 

studies that examined interrelations between BIM and LC, such as Sacks et al. (2009); 

Sacks et al. (2010); and Zhang et al. (2018). 

The construction industry indicates a lack of collaboration and coordination 

that has led to barriers to LeanBIM synergy (Zhang et al., 2018; Sacks et al., 2010; 

Dave et al., 2013; Evans et al., 2020b). Olatunji et al. (2017) and Chan et al. (2019) 

debated support from top management, and that a collaborative work environment 

would lead to enhancing BIM benefits in construction practice. Nevertheless, the 

construction industry needs to confront numerous challenges and barriers related to 

the application of BIM tools, LC principles and LeanBIM (Chan et al., 2019; Azhar et 

al., 2012; Hong et al., 2018; Ghaffarianhoseini et al., 2017). BIM is considered a 

facilitating tool to the construction industry that meets emerging challenges in 

construction (Hamzeh et al., 2016; Olawumi and Chan, 2019a). The level of readiness 

to implement BIM technologies varies from organisation to organisation, country to 

country, and region to region (Azhar et al., 2012). Abanda et al., (2015) and Olawumi 

et al., (2018a) observed a resistance to change from conventional practices. These 

challenges hindered the optimum implementation of BIM technologies, LC principles, 

and diminished full integration between LC and BIM (Olawumi et al., 2019a; 

Ozorhon and Karahan, 2017). Despite growing research and studies in LeanBIM 

initiatives, the construction industry has focused on particular aspects without paying 

attention to the holistic view to achieve utmost LeanBIM synergy (Azhar et al., 2012). 
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The current approach in LeanBIM assessment is still immature and requires further 

research (Ghaffarianhoseini et al., 2017). 

Table 5.1 illustrates 28 key barriers hindering efficient adoption of BIM 

technology, LC principles and LeanBIM initiatives, as detailed in the extant literature. 

Key items are inadequacy of experience, lack of knowledge, resistance to change, lack 

of BIM standards, lack of standard forms of contract for BIM implementation, lack of 

insurance applications, risk of intellectual property allocation, and immature dispute 

resolution. This research seeks the opinion of an expert panel to rank, analyse and 

prioritise the barriers recognised in extant literature, to aid key stakeholders and 

decision-makers in the construction industry, and to emphasise the most significant 

challenges hindering the efficient adoption of BIM, LC and LeanBIM in CMPs. 

Despite the importance of BIM and LC for the construction industry there is 

currently very limited comprehensive research investigating the barriers to integrate 

BIM and LC practices. Megaprojects are commonly associated with cost overruns and 

time delays. CMPs can be defined as “large-scale, complex, ventures with typically a 

cost of USD value of 1 billion or more, involving multiple public and private 

stakeholders” (Flyvbjerg, 2014). International CMPs (ICMPs) involves various 

stakeholders such as international consultants, multinational contractors, and joint 

ventures, together with several design and construction teams. 

Ibrahim et al. (2010a, 2010b) analysed the dynamics of the global construction 

industry with a focus on lean production systems in the Malaysian construction 

industry and concluded that it consumes large amounts of natural resources along with 

wastage, due to inefficient and improper utilisation. Numerous factors contribute to 

this poor performance, but an efficient means of identification and reduction of waste 

has always been left aside. van Lith et al. (2015) assessed maturity development of 
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purchasing in construction; findings demonstrate an increase in the maturity of the 

purchasing function in general and in particular in the management of strategic 

relations, coordinated activities in supply chains, and increased use of information 

technology (IT) solutions which enable a more integrated approach in construction 

processes. Dubey (2015) investigated soft total quality management (TQM) and its 

impact on firm performance; research concluded that human resource, quality culture, 

motivational leadership and relationship management are important constructs that 

contribute to TQM validity. Tezel et al. (2018) evaluated the adoption of lean thinking 

in the UK construction industry and found that the existence of strong external 

motivational factors for lean thinking such as clients’ push, and companies’ 

expectation of winning more contracts alongside lean’s operational benefits. Limited 

adoptions of lean techniques, mostly in the stepwise process improvement cycle, the 

last planner systems (LPSs) and Visual Management, were determined. Matthews et 

al. (2018) studied the impact of BIM in construction on collaboration and change 

management perspectives; research concluded that adopting BIM in construction 

project improves overall performance. Zegarra and Alarcón (2019) investigated the 

coordination of teams and processes in construction projects using a lean complex 

adaptive mechanism and suggested behaviour involves complex, flexible, and push 

features, focused on execution. Meng (2019) studies lean management in the context 

of construction supply chains in the UK industry, and the study concluded that LC 

could be enhanced if it synergises with supply chain collaboration. Demirkesen 

(2020) measured the impact of lean implementation on construction safety and 

concluded that implementing Lean practices achieves better safety performance. 
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Table 5.1 :Barriers to implementing BIM and LC principles in CMPs (Evans and 
Farrell, 2020) 

Code CBFs (barriers) Reference 

B1 Increased workload for model development 1, 2, 7, 11, 13 and 22 
B2 Lack of legal framework, and contract uncertainties of BIM and LC 1, 11, 6, 3 and 23 
B3 Incompatibility issues between various software packages 4, 24, 16, 1 and 13 
B4 Varied market readiness across organisations and geographic locations 6, 26, 11, 14 and 26 
B5 Resistance of industry to change from traditional working practices 5, 27, 11, 25 and 18 
B6 Societal reluctance to change from traditional values or culture 7, 11, 2, 27 and 28 
B7 Lack of insurance applicable to BIM, LC and LeanBIM adoption 9, 11, 2 and 9 
B8 Lack of initiative and hesitance on future investments 8, 28,11 and 2 
B9 Organisational challenges, project strategy, and policy 10, 11 and 6 
B10 Immature dispute resolution mechanisms for BIM, LC and LeanBIM adoption 19, 29, 2 and 9 
B11 Lack of awareness and collaboration among project stakeholders 13, 2, 27 and 26 

B12 
Fragmented nature of construction industry 20, 30, 2, 15, 20 and 

21 
B13 Negative attitude towards data sharing 11, 2, 3, 6, 4 and 5 
B14 User-unfriendliness of BIM analysis software programs 2, 11, 10 and 31 
B15 Lack of a well-established BIM, LC and LeanBIM workflows 15, 10, 17 and 27 
B16 High cost of BIM software license 14, 11, 27 and 28 
B17 Ambiguous economic benefits 18, 27,28 and 2 
B18 High initial investment in staff training costs of BIM 21, 27 and 28 

B19 
Lack of mandatory BIM and LC industry standards and regulations by 
government 12, 11, 27, 28 and 9 

B20 Lack of involvement and support of government 12, 11, 26 and 9 
B21 Lack of supporting LC analysis tools and software 12, 11, 27, 16 and 18 
B22 High training and implementation cost and time of BIM 16, 11, 27, 31 and 22 
B23 Intellectual properties rights, associated disputed and risk 17, 11, 23 and 3 
B24 Lack of top management commitment and client demand 12, 24 and 25 
B25 Difficulty in adapting to BIM technology and processes 22, 25, 28 and 27 
B26 Low level of research in industry and academia 25, 14, 10, 4 and 5 
B27 Difficulty in allocating and sharing LC, BIM and LeanBIM risk 3113, 30 and 6 
B28 Shortage of cross-field specialists in BIM, LC and LeanBIM 12, 9, 11, 8 and 22 

Notes: 1= Abanda et al. (2015); 2= Azhar et al. (2012); 3= Bradley et al. (2016); 4= Bui (2016); 5= Cao et al. 
(2015); 6= Chan (2014); 7= Chan et al. (2019); 8= Chen et al. (2015); 9= Dave et al. (2013); 10= Ding et al. 
(2015); 11= Sacks et al. (2018); 12= Elhendawi et al. (2019); 13= Ghaffarianhoseini et al. (2017); 14= Hamzeh et 
al. (2016); 15= Hong et al. (2018); 16= Hsu et al. (2015); 17= Jin et al. (2017); 18= Olatunji et al. (2017); 19= 
Olawumi et al. (2017); 20= Olawumi et al. (2018a); 21= Olawumi et al. (2018b); 22= Olawumi and Chan (2019a); 
23= Olawumi and Chan (2019b); 24= Ozorhon and Karahan (2017); 25= Rogers et al. (2015); 26= Sacks  et al. 
(2010); 27= Sacks  et al. (2009); 28= Salleh et al. (2014); 29= Shirowzhan et al. (2020); 30= Tan et al. (2019); 
31= Zhang et al. (2018) 

 

5.4 Research methodology 

The study aim is to evaluate the barriers to the integration of BIM and LC 

principles. The objectives are: (1) to investigate existing literature and review the 

barriers to BIM and LC implementation; (2) to order and prioritise barrier factors 

according their significance levels; and (3) to commence a comparative analysis of 

LeanBIM applications between respondents’ groups. The research outcomes will 

support key stakeholders in the construction industry such as governments, clients, 
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engineers, real-estate developers, owners, and construction project teams that expect 

to adopt BIM and LC implementation. A two-round Delphi survey was undertaken 

with four (4) respondent groups (Academics, Industry Practitioners, western 

experience group, and eastern experience Group) to rank the recognised barriers 

according to their significance. Farrell et al., (2016) and Hasson et al., (2000) suggest 

that the Delphi technique is practical to reach agreement amongst a group of experts. 

While the Delphi technique is recommended in similar situations, Evans et al. (2021c) 

adopted a Delphi technique to investigate the CSFs that enhance integration between 

BIM and LC practices on CMPs. A data set was composed over two rounds of Delphi 

surveys to assess, examine, and prioritise barriers to integrating BIM and LC gathered 

from the extant literature (Hsieh and Shannon, 2005; Grisham, 2009).  

The expert panel consisted of sixteen (16) members representing senior-level 

construction industry practitioners and academics that are based in Qatar. The expert 

panel members were selected with more than fifteen years of experience of successful 

delivery of CMPs, their level of experience, proficiency in project delivery methods, 

software familiarity, and experience with various forms of contracts; knowledge of 

BIM, LC LeanBIM were also considered. The experts represented a wide range of 

construction key stakeholders such as clients, government agencies, engineering 

firms, main contractors, and real-estate developers. The participants had plenty 

awareness of the LC, BIM and LeanBIM. This indicated that their responses shape 

suitable ideas of the LC, BIM, and LeanBIM adoption in CMPs and its limitations. 

Numerous former research studies in the construction industry have employed the 

Delphi survey technique (Giel and Issa, 2016). Hasson et al. (2000) established a 

performance measurement indicator for construction projects.  

A detailed review of the existing literature formulates the basis of launching 
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CBFs that hinders integration of BIM tools and LC towards a Lean BIM synergy and 

philosophy in the built environment. A comprehensive critical literature review 

resulted in identification of twenty-eight (28) factors and converted into a Delphi 

survey - experimental questionnaire - as well as asking for demographic details about 

respondents. Respondents were requested to rank the CBFs on a 5‐point Likert scale: 

1 = strongly disagree, and 5 = strongly agree.  

Statistical approaches deployed comprise reliability testing procedures such as 

‘Cronbach's α’, ‘Shapiro-Wilk’ test of normality, and mean score ranking. Consensus 

analysis was conducted using numerous statistical techniques encompassing mean 

score ranking, Kendall’s coefficient of concordance, χ2analysis, ‘Spearman's ρ’ 

correlation test, and IRA. In order to accomplish the research objectives IBM® 

SPSS® Statistics (SPSS) Version 26, Microsoft® Excel, Microsoft® Word software 

were used. 

5.5 Research analysis, findings, and discussion of results 

The research adopted a series of descriptive and inferential statistics 

procedures to analyse the dataset composed from the ‘expert panel’ through the two-

rounds of Delphi surveys, followed by comparative analyses between the respondents' 

groups. 

5.5.1 Reliability testing 

‘Cronbach’s α’ reliability test was engaged in assessing the questionnaire tools 

and scale reliability, and to confirm hypotheses tests and assessments of internal 

consistency. The value of α ranges from 0 to 1, and Nunnally (1978) recommended a 

minimum Cronbach’s α value of 0.70. The Cronbach’s α value for the Delphi survey’s 

first round was 0.84, and 0.87 in the second round, which is considerably higher than 

Nunnally (1978) recommended minimum onset value of 0.70. Furthermore, the 
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‘Shapiro-Wilk’ test for normality was undertaken to work out the distribution of the 

dataset, and whether there is normal distribution or not. The twenty-eight critical 

factors have a significance level (p < 0.05), which indicates a non-normally 

distributed dataset; consequently, subsequent analyses will utilise nonparametric 

statistical approaches. 

5.5.2 Mean, SD, variance, and ranking of CBFs 

Mean scores - x̅ ‘x-bar’ or μ ‘mu’ - was used as a basis of ranking the twenty-

eight CBFs; respondents' answers in each round of the Delphi survey was aggregated, 

and if two or more elements had an identical mean score μ, the standard deviation 

(SD) - σ ‘Greek letter Sigma’ - is employed in the ranking, the element with the 

smaller SD value is allocated advanced level; nonetheless, if they share identical SD 

values, factors will keep equal ranking. Descriptive analysis of ‘variance’ – σ2 ‘Greek 

letter Sigma Squared’ – was also considered. 

Mean score, μ, values of the first round Delphi survey for the twenty-eight 

CBFs that hinders LeanBIM synergy is indicated in Table 5.2, while Mean, SD, and 

Ranking of the second round is presented in Table 5.3. Mean scores for the twenty-

eight (28) identified CBFs in the first-round Delphi survey ranges by ‘all experts’ 

from [μ12 = 4.19, σ12 = 0.655, and σ2
12 = 0.429] for ‘B12: fragmented nature of 

construction industry’ to [μ15 = 3.50, σ15 = 0.632, and σ2
15= 0.399] for ‘B15: lack of a 

well-established BIM, LC and LeanBIM workflows’ and a variance of 0.69. While, 

mean score for the twenty-eight (28) identified CBFs in the second-round Delphi 

survey ranges by ‘all experts’ from [μ12 = 4.06, σ12 = 0.680, and σ2
12=0.462] for ‘ 

B12: fragmented nature of construction industry’ to [μ16 = 3.5, σ16 = 0.727, and σ2
16 = 

0.529] for ‘ B16: high cost of BIM software license’, with variance 0.56 which is 

smaller than the variance of the first round.  
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Table 5.2: Delphi survey (1st round): barriers to integrating BIM and LC principles 
on CMPs (mean, SD, rank) (Evans and Farrell, 2020) 

Code 
‘All experts’ ‘Academics’ Industry 

practitioners ‘West group’ ‘East Group’ 

μ σ R μ σ R μ σ R μ σ R μ σ R 
B1 3.75 0.775 12 4 0.535 4 3.50 0.926 19 3.75 0.886 7 3.75 0.707 13 
B2 3.81 0.655 8 3.88 0.835 9 3.75 0.463 7 3.88 0.835 5 3.75 0.463 13 
B3 3.94 0.680 5 4.13 0.641 1 3.75 0.707 7 3.75 0.707 7 4.13 0.641 1 
B4 3.56 0.814 23 3.88 0.835 9 3.25 0.707 27 3.62 0.744 17 3.50 0.926 23 
B5 3.56 0.512 24 3.50 0.535 24 3.62 0.518 14 3.50 0.535 18 3.63 0.518 19 
B6 3.56 0.814 21 3.75 0.707 15 3.38 0.916 21 3.63 0.916 14 3.50 0.756 23 
B7 3.62 0.806 19 3.88 0.835 9 3.38 0.744 21 3.50 0.926 18 3.75 0.707 13 
B8 3.56 0.727 20 3.50 0.535 24 3.63 0.916 11 3.50 0.756 18 3.63 0.744 19 
B9 3.75 0.577 10 3.88 0.641 9 3.62 0.518 14 3.50 0.535 18 4.00 0.535 4 
B10 3.37 0.957 28 3.75 0.886 15 3.00 0.926 28 3.38 0.916 23 3.38 1.061 27 
B11 3.75 0.577 9 3.63 0.518 20 3.87 0.641 6 3.75 0.463 7 3.75 0.707 13 
B12 4.19 0.655 1 4.13 0.354 1 4.25 0.886 1 4.25 0.707 1 4.13 0.641 1 
B13 3.62 0.806 18 3.88 0.835 9 3.38 0.744 21 3.38 0.916 23 3.88 0.641 8 
B14 3.88 0.719 7 4.00 0.756 4 3.75 0.707 7 3.75 0.886 7 4.00 0.535 4 
B15 3.50 0.632 26 3.50 0.535 24 3.50 0.756 19 3.63 0.744 14 3.38 0.518 27 
B16 3.44 0.512 27 3.50 0.535 24 3.38 0.518 21 3.25 0.463 28 3.63 0.518 19 
B17 4.00 0.730 4 4.00 0.756 4 4.00 0.756 4 4.00 0.756 4 4.00 0.756 4 
B18 3.69 0.602 13 3.75 0.463 15 3.62 0.744 14 3.75 0.707 7 3.62 0.518 22 
B19 3.62 0.500 17 3.63 0.518 20 3.63 0.518 11 3.75 0.463 7 3.50 0.535 23 
B20 3.56 0.512 25 3.50 0.535 24 3.63 0.518 11 3.38 0.518 23 3.75 0.463 13 
B21 3.56 0.629 22 3.75 0.463 15 3.38 0.744 21 3.63 0.744 14 3.50 0.535 23 
B22 3.75 0.577 11 3.75 0.463 15 3.75 0.707 7 3.75 0.463 7 3.75 0.707 13 
B23 3.69 0.602 14 4.00 0.535 4 3.38 0.518 21 3.50 0.535 18 3.88 0.641 8 
B24 3.63 0.619 16 3.63 0.744 20 3.62 0.518 14 3.38 0.744 23 3.87 0.354 11 
B25 3.63 0.500 15 3.63 0.518 20 3.62 0.518 14 3.38 0.518 23 3.87 0.354 11 
B26 3.94 0.680 6 3.88 0.641 9 4.00 0.756 4 3.87 0.641 6 4.00 0.756 4 
B27 4.06 0.772 3 4.00 0.756 4 4.13 0.835 2 4.25 0.886 1 3.88 0.641 8 
B28 4.13 0.619 2 4.13 0.641 1 4.13 0.641 2 4.13 0.641 8 4.13 0.641 1 
Cronbach's α 
reliability 
coefficient 

 0.840   0.844   0.842   0.840   0.839  

Number of 
respondents (𝓃)  16   8   8   8   8  

Kendall's coefficient 
of concordance (W)  0.718   0.714   0.715   0.718   0.715  

Calculated χ2  40.231   41.121   40.611   41.312   40.811  

χ2 critical value: - 
from statistical table 
(p = 0.05) 

 40.113   40.113   40.113   40.113   40.113  

Degree of freedom, 
d.f  ‘𝜐’  27   27   27   27   27  

Significance level 
(p)  0.047   0.040   0.043   0.036   0.045  
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Furthermore, an investigation of the results following the ‘second-round 

Delphi survey’ discovered that the respondents - all experts - altered their 

prioritisation of particular CBFs with other CBFs interchanging rankings. For 

instance, all experts ranked the most significant five-CBFs 1st to 5th in the first-round 

Delphi survey as B12, B28, B27, B17 and B3 respectively, while all experts – ranked 

the most significant five-CBFs 1st to 5th in the second-round Delphi survey as B12, 

B17, B28, B14 and B3 respectively. While all experts ranked the last significant five-

CBFs 28th to 24th in the first-round Delphi survey as B10, B16, B20, B5, and B4 

respectively, all experts ranked the last significant five-CBFs 28th to 24th in the 

‘second-round Delphi survey’ as B10, B16, B21, B15 and B13 respectively. It has 

been noticed that after the ‘second-round Delphi survey’, some CBFs ascended in 

their ranking while other CBFs descend in their ranking. Noting the following 

‘second-round Delphi survey’, the agreement was reached by the entire expert groups 

on the most significant five-CBFs that hinders LeanBIM synergy in CMPs. The 

expert panel, despite different background groups, i.e., academics and industry 

practitioners and regions of current and previous construction experience, i.e., West 

and East groups, had wide consensus on the most significant five-CBFs and the least 

significant five-CBFs with a noticeable level of concordance.  
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Table 5.3: Delphi survey (2nd round): barriers to integrating BIM and LC principles 
on CMPs (mean, SD, rank) (Evans and Farrell, 2020) 

Code 
‘All experts’ ‘Academics’ Industry 

practitioners ‘West group’ ‘East Group’ 

μ σ R μ σ R μ σ R μ σ R μ σ R 
B1 3.81 0.834 12 4.13 0.641 1 3.50 0.926 19 3.75 0.886 7 3.88 0.835 10 
B2 3.81 0.655 10 3.87 0.835 14 3.75 0.463 7 3.88 0.835 4 3.75 0.463 16 
B3 3.94 0.680 5 4.13 0.641 1 3.75 0.707 7 3.75 0.707 7 4.13 0.641 1 
B4 3.62 0.885 23 4.00 0.926 5 3.25 0.707 25 3.62 0.744 17 3.63 1.061 22 
B5 3.63 0.500 17 3.63 0.518 22 3.62 0.518 16 3.50 0.535 19 3.75 0.463 16 
B6 3.63 0.806 20 3.88 0.641 10 3.38 0.916 21 3.63 0.916 14 3.62 0.744 23 
B7 3.75 0.856 14 4.13 0.835 1 3.38 0.744 21 3.63 0.916 14 3.88 0.835 10 
B8 3.63 0.719 19 3.62 0.518 26 3.63 0.916 12 3.50 0.756 19 3.75 0.707 16 
B9 3.81 0.655 11 4.00 0.756 5 3.62 0.518 16 3.50 0.535 19 4.13 0.641 1 
B10 3.37 0.885 28 3.75 0.707 16 3.00 0.926 28 3.38 0.916 23 3.38 0.916 26 
B11 3.81 0.655 9 3.75 0.707 16 3.87 0.641 6 3.75 0.463 7 3.88 0.835 10 
B12 4.06 0.680 1 3.87 0.354 14 4.25 0.886 1 4.13 0.641 1 4 0.756 4 
B13 3.56 0.727 24 3.75 0.707 16 3.38 0.744 21 3.50 0.926 19 3.62 0.518 23 
B14 3.94 0.680 4 4.13 0.641 1 3.75 0.707 7 3.88 0.835 4 4 0.535 4 
B15 3.56 0.629 25 3.62 0.518 26 3.50 0.756 19 3.75 0.707 7 3.38 0.518 26 
B16 3.50 0.516 27 3.63 0.518 22 3.38 0.518 21 3.25 0.463 28 3.75 0.463 16 
B17 4.00 0.730 2 4.00 0.756 5 4.00 0.756 2 4.00 0.756 2 4 0.756 4 
B18 3.81 0.544 8 3.88 0.354 10 3.75 0.707 7 3.75 0.707 7 3.88 0.354 10 
B19 3.62 0.500 21 3.63 0.518 22 3.63 0.518 12 3.75 0.463 7 3.5 0.535 25 
B20 3.62 0.500 22 3.63 0.518 22 3.63 0.518 12 3.38 0.518 23 3.87 0.354 15 
B21 3.50 0.632 26 3.75 0.463 16 3.25 0.707 25 3.63 0.744 14 3.38 0.518 26 
B22 3.75 0.577 13 3.62 0.518 26 3.88 0.641 4 3.75 0.463 7 3.75 0.707 16 
B23 3.63 0.719 18 4.00 0.535 5 3.25 0.707 25 3.38 0.744 23 3.88 0.641 10 
B24 3.69 0.602 16 3.75 0.707 16 3.62 0.518 16 3.38 0.744 23 4 0.000 4 
B25 3.69 0.704 15 3.75 0.707 16 3.63 0.744 12 3.38 0.518 23 4 0.756 4 
B26 3.88 0.719 7 4.00 0.756 5 3.75 0.707 7 3.62 0.518 17 4.13 0.835 1 
B27 3.88 0.719 6 3.88 0.641 10 3.88 0.835 4 4.00 0.926 2 3.75 0.463 16 
B28 3.94 0.574 3 3.88 0.641 10 4.00 0.535 2 3.88 0.354 4 4 0.756 4 
Cronbach's α 
reliability 
coefficient 

 0.869   0.854   0.867   0.843   0.865  

Number of 
respondents (𝓃)  16   8   8   8   8  

Kendall's coefficient 
of concordance (W)  0.761   0.748   0.753   0.744   0.751  

Calculated χ2  40.631   41.152   40.621   41.085   40.801  

χ2 critical value: - 
from statistical table 
(p = 0.05) 

 40.113   40.113   40.113   40.113   40.113  

Degree of freedom, 
d.f  ‘𝜐’  27   27   27   27   27  

Significance level 
(p)  0.042   0.037   0.042   0.038   0.046  
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5.5.3 Kendal coefficient of concordance and 𝝌𝟐 analysis 

‘Kendall's’ coefficient of concordance (W) nonparametric test was applied 

using IBM® SPSS® Statistics to measure the level of consensus within the expert’s 

panel ‘interrater’ agreement cluster and the validate the consistency of concord 

through different rounds of the Delphi survey; Kendall’s W is always between zero 

(0) and one (1) values, where (0) indicates perfect disagreement between interrater; 

and (1) reflects a perfect agreement between interrater. Table 5.2 and Table 5.3 show 

the W value of the ‘expert panel’ enhanced from 0.718 to 0.761 following the second-

round Delphi survey. Moreover, Chi-square Independence Test, χ2, tests were 

engaged to ensure that changes between the first-round and the second-round Delphi 

survey are dependant, and the second-round Delphi survey has improved the 

improved concordance between the entire members of expert’s panel. Table 5.2and 

Table 5.3 demonstrate χ2 values for the first-round and second-round Delphi survey 

results. Chi-Square value, χ2, for the expert panel ‘all experts’ had enhanced from 

enhanced from, χ2 = 40.231 in the 1st round Delphi survey results to χ2 = 40.631 in 

the 2nd round Delphi survey results, and both values of χ2were greater than its critical 

chi‐squared value 
𝛼
2 of 40.113 for (p = 0.05) at a degree of freedom - d.f. - lowercase 

Greek letter nu ‘𝜐’ - of 27 from the statistical tables. Consequently, both first-round 

and second-round Delphi survey have a significance level p of 0.047 and 0.042 

respectively, both significance level ‘p’ values are less than 0.05 thresholds. Based 

upon these results it could be claimed that the survey observations, data and findings 

are accurate with more than 95% confidence level. 

5.5.4 IRA analysis: CBFs LeanBIM significance level 

Brown and Hauenstein (2005) recommended applying Inter‐rater agreement 

(IRA) technique to conduct the consensus analysis amongst the respondent clusters. 
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IRA analysis was adopted to figure out the significance level of CBFs that affects 

LeanBIM synergy. All CBFs that hinder LeanBIM synergy were ranked and 

prioritised according to their mean score, μ, obtained from the second-round Delphi 

survey. Scale intervals to understand the significance of each factor for 5-Likert scale 

– as adopted by Zahoor et al. (2017) - were drawn as: - (μ ≥ 4.51) ‘extremely 

important’, (3.51 ≤ μ ≤ 4.5) ‘very important’, (2.51 ≤ μ ≤ 3.5) ‘important’, (1.51 ≤ μ ≤ 

2.5) ‘some-what important’, and (μ < 1.5) ‘not important.’  

LeBreton and Senter (2007) recommended implementation of the IRA (𝑎𝑤𝑔) 

technique to check the strength of consensus between ‘interraters’, i.e. respondent 

clusters for both rounds of the Delphi survey, and validate the interrater agreement 

acquired through the mean score, μ, ranking and the chi-square, χ2, analysis. Brown 

and Hauenstein (2005) specified a set of guides for the interpretation of the IRA 

evaluations, as: (0.91-1.00) ‘very strong agreement,’ (0.71-0.90) ‘strong agreement,’ 

(0.51-0.70) ‘moderate agreement,’ (0.31-0.50) ‘weak agreement,’ and (0.00-0.30) 

‘lack of agreement.’ Table 5.4 demonstrates the IRA and significance level statistics 

were applied to evaluate the level of agreement achieved by the respondents at each 

round of Delphi survey. The formula for assessing the IRA statistics for each CBF is 

indicated in Equation 5.1: - 

 Equation 5.1 

 

Where SD characterises the standard deviation for each factor, l the minimum 

possible value of the scale, i.e., 1, h the maximum possible value of the scale, i.e. 5, 𝜅 

the number of respondents, i.e. 8 for the first round and 8 for the second round, and μ 

the mean of all responses against a factor. The mean scores, μ, should range between 

the boundaries, which can be calculated using the following Equation 5.2 and 

𝒶𝑤𝑔=1 − (2 × 𝑆𝐷2) [ℎ + 𝑙]𝜇 − 𝜇2 − (ℎ × 𝑙)] × (𝜅 (𝜅 − 1)⁄ )⁄  
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Equation 5.3. μmin and μmax for the second round were 1.5 and 4.5, respectively:  

 Equation 5.2 

𝜇𝑚𝑎𝑥 = [ℎ(𝑘 − 1) + 𝑙]/𝜅 Equation 5.3 

 

The expert panel view evolved between the first and the second rounds of the 

Delphi Survey.  Table 5.4 reveals that the majority of factors retained their 

significance level following the second-round Delphi survey, except a few factors 

such as ‘B10: immature dispute resolution mechanisms for LC, BIM and LeanBIM 

adoption’, and ‘B22: high training and implementation cost and time of BIM’ which 

were demoted by the ‘expert panel’ from ‘very important’ to ‘important.’ While only 

‘B15: lack of a well-established BIM, LC and LeanBIM workflows’ was promoted 

from ‘important’ to ‘very important.’  

𝜇𝑚𝑖𝑛 = [𝑙(𝑘 − 1) + ℎ]/𝜅 
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Table 5.4: IRA analysis of CBFs (barriers) & significance grading of the barriers 
(Evans and Farrell, 2020) 

CSF 
Coding 

1st   
Round  2nd   

Round  2nd 
Rnd. 1st Round 2nd Round 

 
IRA         
a(wg) 
score 

Agreement 
level 

IRA         
a(wg) 
score 

Agreement 
level 

IRA 
Rank Significance Significance 

B1 0.672 Moderate 0.610 Moderate 26 V. imp. V. imp. 
B2 0.759 Strong 0.759 Strong 11 V. imp. V. imp. 
B3 0.722 Strong 0.722 Strong 18 V. imp. V. imp. 
B4 0.663 Moderate 0.594 Moderate 28 V. imp. V. imp. 
B5 0.867 Strong 0.870 Strong 3 V. imp. V. imp. 
B6 0.663 Moderate 0.662 Moderate 24 V. imp. V. imp. 
B7 0.663 Moderate 0.600 Moderate 27 V. imp. V. imp. 
B8 0.731 Strong 0.731 Strong 16 V. imp. V. imp. 
B9 0.818 Strong 0.759 Strong 11 V. imp. V. imp. 
B10 0.555 Moderate 0.620 Moderate 25 V. imp. ↓ Imp. 
B11 0.818 Strong 0.759 Strong 11 V. imp. V. imp. 
B12 0.689 Moderate 0.699 Moderate 22 V. imp. V. imp. 
B13 0.663 Moderate 0.731 ↑ Strong 15 V. imp. V. imp. 
B14 0.699 Moderate 0.722 ↑ Strong 18 V. imp. V. imp. 
B15 0.800 Strong 0.799 Strong 10 Imp. ↑ V. imp. 
B16 0.871 Strong 0.867 Strong 4 Imp. Imp. 
B17 0.667 Moderate 0.667 Moderate 23 V. imp. V. imp. 
B18 0.807 Strong 0.834 Strong 5 V. imp. V. imp. 
B19 0.870 Strong 0.870 Strong 1 V. imp. V. imp. 
B20 0.867 Strong 0.870 Strong 2 V. imp. V. imp. 
B21 0.799 Strong 0.800 Strong 9 V. imp. ↓ Imp. 
B22 0.818 Strong 0.818 Strong 6 V. imp. V. imp. 
B23 0.807 Strong 0.731 Strong 16 V. imp. V. imp. 
B24 0.801 Strong 0.807 Strong 7 V. imp. V. imp. 
B25 0.870 Strong 0.736 Strong 14 V. imp. V. imp. 
B26 0.722 Strong 0.699 Strong 20 V. imp. V. imp. 
B27 0.612 Moderate 0.699 Moderate 20 V. imp. V. imp. 
B28 0.736 Strong 0.802 Strong 8 V. imp. V. imp. 
 Notes: - Scale interval and interpretation 

 (1) IRA: (0.91-1.00) ‘very strong agreement’, (0.71-0.90) ‘strong agreement’ (0.51-0.70) 
‘moderate agreement’, (0.31-0.50) ‘weak agreement’, and (0.00-0.30) ‘lack of agreement’. ↓: 
decrease; ↑: increase. 

 (2) Significance: (μ ≥ 4.51) ‘extremely important’, (3.51 ≤ μ ≤ 4.5) ‘very important’, (2.51 ≤ μ ≤ 
3.5) ‘important’, (1.51 ≤ μ ≤ 2.5) ‘some-what important’, and (μ < 1.5) ‘not important’. ↓: 
decrease; ↑: increase. 

 

  



166  

Table 5.4 demonstrates that IRA analysis of concordance between respondents 

revealed in the first-round and second-round Delphi survey there was a ‘moderate’ to 

‘strong’ level consensus between the expert panels. Table 5.4 illustrates that three 

factors improved their agreement levels from ‘moderate’ to ‘strong’ after the second-

round as ‘B13: negative attitude towards data sharing’, and ‘B14: user-unfriendliness 

of BIM analysis software programs,’ where the rest of CBFs remain the same. 

Generally, IRA analysis supports that strong agreement is accomplished by the expert 

panel. 

Significance level ratings and IRA analysis were employed to rank each 

critical factor in descending order of their significance level, as indicated in Table 5.5 

. Based on the final inference after the second-round Delphi survey; the factor 

significance levels range from ‘important’ to ‘v. important,’ while IRA levels range 

from ‘lack of agreement’ to ‘very strong agreement.’ The five most significant CBFs 

that had a strong consensus and were higher rated by the expert panels as shown in 

Table 5.5 were ‘B19: lack of mandatory BIM and LC industry standards and 

regulations by the government,’ ‘B20: lack of involvement and support of the 

government,’ ‘B5: resistance of industry to change from traditional working 

practices,’ ‘B16: high cost of BIM software licences,’ and ‘B18: high initial 

investment in staff training costs of BIM.’ Table 5.5 also shows that least significant 

factors as: ‘B6: societal reluctance to change from traditional values or culture’, ‘B10: 

immature dispute resolution mechanisms for LC, BIM and LeanBIM adoption,’ ‘B1: 

increased workload for model development,’ ‘B7: lack of insurance applicable to 

BIM, LC and LeanBIM adoption,’ and ‘B4: varied market readiness across 

organisations and geographic locations.’  
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Table 5.5: Summary of the significant BIM barriers in descending order (Evans 
and Farrell, 2020) 

Code CBFs Ranking Significance Agreement level 

B19 

 
Lack of mandatory BIM and LC industry standards and 
regulations by the government 

1 V. imp. Strong 

B20 Lack of involvement and support of the government 2 V. imp. Strong 

B Resistance of industry to change from traditional working 
practices 

3 V. imp. Strong 

B High cost of BIM software license 4 Imp. Strong 

B High initial investment in staff training costs of BIM 5 V. imp. Strong 

B High training and implementation cost and time of BIM 6 V. imp. Strong 

B Lack of top management commitment and client demand 7 V. imp. Strong 

B Shortage of cross-field specialists in BIM, LC and LeanBIM 8 V. imp. Strong 

B Lack of supporting LC analysis tools and software 9 Imp. Strong 

B Lack of a well-established BIM, LC and LeanBIM workflows 10 V. imp. Strong 

B Lack of legal framework, and contract uncertainties of LC and 
BIM 

11 V. imp. Strong 

B Organisational challenges, project strategy, and policy 12 V. imp. Strong 

B Lack of awareness and collaboration among project 
stakeholders 

13 V. imp. Strong 

B Difficulty in adapting to the BIM technology and process 14 V. imp. Strong 

B Negative attitude towards data sharing 15 V. imp. Strong 

B Lack of initiative and hesitance on future investments 16 V. imp. Strong 

B Intellectual properties rights associated disputed and risk 17 V. imp. Strong 

B Incompatibility issues between various software packages 18 V. imp. Strong 

B User-unfriendliness of BIM analysis software programs 19 V. imp. Strong 

B Low level of research in the industry and academia 20 V. imp. Strong 

B Difficulty in allocating and sharing LC, BIM and LeanBIM risk 21 V. imp. Moderate 

B Fragmented nature of construction industry 22 V. imp. Moderate 

B Ambiguous economic benefits 23 V. imp. Moderate 

B Societal reluctance to change from traditional values or culture 24 V. imp. Moderate 

B Immature dispute resolution mechanisms for LC, BIM and 
LeanBIM adoption 

25  Imp. Moderate 

B Increased workload for model development 26 V. imp. Moderate 

B Lack of insurance applicable to BIM, LC and LeanBIM 
adoption 

27 V. imp. Moderate 

B Varied market readiness across organisations and geographic 
locations 

28 V. imp. Moderate 
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5.5.5 Agreement of respondents between expert’s panel 

Inferential statistical analysis was used as a basis for supplementary and 

further nonparametric analysis; this included Spearman's rank-

order correlation coefficient. ‘Spearman's ρ’ or (or the Greek letter ρ, pronounced rho) 

test as a nonparametric measure of rank correlation. Spearman correlation coefficient, 

𝑟𝑠, test was utilised to evaluate the level of consensus amongst the two expert groups. 

Its value ranges from +1 to -1. A 𝑟𝑠 of +1 indicates a perfect positive correlation, 

while a 𝑟𝑠 of -1 indicated a perfect negative correlation, the closer 𝑟𝑠 to zero, the 

weaker correlation between ranks. Findings of the analysis revealed a weak but 

positive correlation among the ‘industry practitioners’ and ‘Academics’ groups at a 𝑟𝑠 

of 0.369. while analysis showed that moderate but positive correlation between the 

‘East’ and ‘West’ groups at a 𝑟𝑠 of 0.489. 

5.6 Recommended strategies to overcome the barriers  

Research has recognised several prominent barriers hindering the application 

and the ultimate integration of BIM techniques and LC philosophy in CMPs. 

Research accentuated that the implementation of BIM and LC has many critical 

factors associated with barriers that vary from country to country and in some cases, it 

varies within the same country depending on regions. Also, the research detected a 

difference in the viewpoint of industry experts and academics on some barriers. The 

first ten (10) important barriers as specified in Table 5.5 concern ‘legal’, ‘attitude and 

market’, ‘education, knowledge and learning’, ‘technical and software financing’. 

Therefore, in addition to demonstrating these sensitive challenges, this unit tries to 

specify several suggested strategies to confront these critical barriers to enhance 

LeanBIM synergy in the built environment. 

The class with the greatest important barriers in the top ten (10) barriers is 
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‘legal’, i.e.  ‘lack of mandatory BIM and LC industry standards and regulations by the 

government,’ and ‘lack of involvement and support of the government.’ Lack of 

standardisation and mandates from governmental authorities is a commonly 

encountered barrier to implementation of BIM and LC; the expert panel has identified 

this factor as the most recent barrier in Qatar and the Middle East region. The 

application of BIM and LC relies on standards for controlling its activities, 

procedures, and deliverables. Despite the fact that recent years have observed a few 

BIM mandates and regulations published by some governments in the Middle East 

North Africa (MENA) region such as Gulf Cooperation Council (GCC) countries: 

Qatar, K.S.A., U.A.E. and North Africa country central country Egypt. However, the 

general scope of standards and mandates of BIM implementation in the MENA region 

is doubtlessly inadequate compared to other countries such as the UK, Australia, and 

the USA. More importantly, there is an absence of LC standards and immature 

mandates for BIM in construction industry in these regions. Hence, there is a real 

need for government involvement in establishing a centralised LeanBIM steering 

committee to manage LC and BIM in the built environment and to effectively work to 

issue the necessary LC and BIM standards, and to put it in effect legal regulations. 

Consequently, this will provide mitigation measures against these barriers. 

The following class is ‘technical and software financing’ with three barriers: 

‘high cost of BIM software licences,’ ‘high initial investment in staff training costs of 

BIM,’ and ‘high training and implementation cost and time of BIM’. The prohibitive 

high initial cost of investment and primary cost of purchasing BIM software licences, 

resources and training staff has led to hesitance and apathy in adopting BIM in LC 

construction projects. Accordingly, it is suggested for government authorities to offer 

subsidies of ‘technology investment’ to support the AEC industry to acquire essential 
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resources and software licences to augment their uptake of BIM and adoption of LC 

in construction. Moreover, the AEC industry is encouraged to design, purchase, or 

lease diversified combinations of BIM-based and LC analysis software for their 

subcontractors to operate at subsidised rates for construction projects. In the same 

context, the AEC industry and their project teams are encouraged to develop efficient 

strategies for the application of BIM and LC in construction projects. 

The next class is ‘education, knowledge and learning’ with three factors: 

‘shortage of cross-field specialists in BIM, LC and LeanBIM,’ ‘lack of supporting LC 

analysis tools and software,’ and ‘lack of a well-established BIM, LC and LeanBIM 

workflows.’  Factors in this group are related to insufficient experience and lack of 

knowledge on both approaches of BIM and LC whereas a barrier factor relates to the 

lack of experience and specialism in the software and technologies utilised in the 

simulation of LC parameters and creation of BIM models. Hence, there is a demand 

for corporate organisations and professionals to increase the aptitude, capability and 

quality of LC and BIM industry practitioners in construction industry. Also, the 

establishment of capacity development and opportunity for skill programs such as 

seminars, extensive training, and workshops, where industry practitioners can share 

experience and information in these two initiatives to assist in the mitigation of these 

obstacles. 

The following class is ‘attitude and market’ with the barrier factor ‘resistance 

of industry to change from traditional working practices,’ ‘lack of top management 

commitment and client demand.’  Despite the numerous advantages of implementing 

BIM and adopting LC in the built environment, there has been slight development in 

its implementation in the MENA region. It is essential to bear in mind that lack of top 

management and client commitment and the perpetual barrier of resistance to change 
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still plays an important role in hindering the adoption of BIM and LC initiatives. 

Therefore, this research recommends that construction key stakeholders such as top 

management, clients, main contractors, and engineering firms diminish their 

resistance and adopt dynamic and positive attitudes to change in the construction 

industry. Owners, clients, and real-estate developers of CMPs are advised to be 

proactive in adopting BIM, and LC approaches in their projects to improve LeanBIM 

synergy. 

5.7 Conclusion  

The construction industry is a domain continuously evolving throughout the 

implementation of creative processes, technologies, and government policies, and has 

adopted BIM and LC initiatives. The research explores the challenges and barriers 

faced by the construction industry in its attempt to support comprehensive 

implementation of LC practice along with BIM applications at the planning, design, 

and construction phases of construction projects and through the entire project life 

cycle and facilities management. 

A comprehensive analysis of existing literature yielded twenty-eight (28) 

barriers to integration between BIM and LC principles in CMPs. Moreover, a Delphi 

technique and variety of statistical techniques such as Spearman's  correlation, 

Kendall's coefficient of concordance, chi-square test, IRA, and including others 

techniques were utilised for the analysis of data sets gathered from the sixteen (16) 

participant Delphi expert panel. 

Furthermore, after a two-round Delphi survey, an agreement was 

accomplished amongst expert groups, specifically: ‘practitioners’ and ‘academics’ as 

well as the members from ‘East’ and ‘West’ groups. A Delphi survey is considered a 

self-validating mechanism; consequently, the statistical approach IRA was applied to 
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validate the consensus achieved on every barrier by the expert panel, then barriers 

were rated according to their level of significance as demonstrated in Table 5.5. There 

was substantial growth in the level of concurrence within the expert groups after the 

second round of Delphi survey. According to that IRA validation of the agreement 

warranted by the expert groups after the second round of Delphi survey; the greatest 

significant barriers categories to the integration of BIM and LC principles in CMPs 

were identified. These encompass categories: ‘legal’, ‘attitude and market’, 

‘education, knowledge and learning’, ‘technical and software financing’ in 

descending order. While, the experts after the second round of Delphi survey using 

IRA agreed that the most significant barriers to integrate LeanBIM are: ‘lack of 

mandatory BIM and LC industry standards and regulations by the government,’ ‘lack 

of involvement and support of the government,’ ‘resistance of industry to change 

from traditional working practices,’ ‘high cost of BIM software licences’, and ‘high 

initial investment in staff training costs of BIM.’ 

The research also indicated the present level of adoption of BIM and LC 

principles in the built environment, together with the challenges encountered in its 

ideal operation in CMPs. The existing study can be developed in future research by 

assessing barriers on a country-by-country basis. Likewise, further research should 

evaluate a case study construction project, expanding the scope of barriers recognised 

through this Delphi survey study. Outcomes of the research have contributed and 

reinforced the current body of knowledge in BIM and LC research cross-field by 

offering key stakeholders in the construction industry the crucial barriers and 

challenges hindering the ultimate adoption of BIM and LC principles in a built 

environment. Hence, the outcomes of the research suggested hands-on strategies and 

guides regarding enhancing adoption of BIM technologies and LC principles in a built 
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environment specifically CMPs and would support industry key stakeholders to 

emphasis on tackling the significant barriers of integrating BIM and LC principles in 

CMPs. Generally, the study's outcomes contribute to and develop the goals of BIM 

and LC approaches and reinforce LeanBIM synergies 

5.8 Originality/value  

The research findings and the proposed mitigation strategy will enhance the 

application of BIM and LC practices in CMPs and allow project key stakeholders to 

place emphasis on tackling the crucial challenges and barriers identified in this 

research. 

5.9 Chapter summary  

The current presents a comprehensive review and investigates the critical 

barriers encountered by key construction stakeholders in their efforts to integrate BIM 

and LC in the CMPs. The following chapter presents critical challenges and to 

investigate the interactions of BIM and LC on CMPs encountered by key stakeholders 

in their efforts to integrate BIM and LC.
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6. CHAPTER 6: ANALYSIS FRAMEWORK FOR THE 

INTERACTIONS BETWEEN BUILDING INFORMATION 

MODELLING (BIM) AND LEAN CONSTRUCTION ON 

CONSTRUCTION MEGAPROJECTS6 

6.1 Chapter Overview 

The construction industry encounters substantial challenges in its evolution 

towards sustainable development and to the adoption of BIM technology and LC 

practices on CMPs. This research aim is to present critical challenges and to 

investigate the interactions of BIM and LC on CMPs encountered by key stakeholders 

in their efforts to integrate BIM and LC. A qualitative research approach is adopted to 

introduce and validate LC principles and BIM functionalities resulting from a detailed 

analysis of extant literature, followed by a conceptual analysis of the interactions 

between BIM and LC on CMPs. A quantitative questionnaire survey is then utilised. 

Descriptive and inferential statistical tests are used for data analysis; ANOVA tests 

elaborate and validate results. The research yielded ten BIM functionalities and ten 

LC principles, that are categorised in four principles areas and four BIM functionality 

groups. A research framework for analysis of the interaction between BIM and LC is 

then compiled.  

  

 
6 This chapter is derived and edited from: 

Evans, M., Farrell, P., Mashali, A. and Zewein, W. 2021b. Analysis framework for the 
interactions between building information modelling (BIM) and lean 
construction on construction mega-projects. Journal of Engineering, Design and 
Technology, Vol. 19 No. 6, pp. 1451-1471. https://doi.org/10.1108/JEDT-08-
2020-0328 

https://doi.org/10.1108/JEDT-08-2020-0328
https://doi.org/10.1108/JEDT-08-2020-0328
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6.2 Introduction 

BIM and LC approaches have been introduced as two distinctive but integral 

initiatives (Sacks et al., 2010; Sacks et al., 2009). Developing modern standards for 

implementation of BIM is required (Olawumi et al. 2018a), while full integration 

between BIM and LC, so-called ‘LeanBIM,’ is necessary to achieve optimal 

LeanBIM synergies (Evans et al., 2021c). Numerous studies have investigated 

potential, barriers, risk, challenges, critical success factors and critical failure factors 

of BIM and its influence on the successful delivery of construction projects (Olawumi 

et al., 2019a; Hamzeh et al., 2016; Dave et al., 2013; Ghaffarianhoseini et al., 2017; 

Azhar et al., 2012; Chan, 2014; Sacks et al., 2010; Chan et al., 2019; Sacks et al., 

2018). 

There has been slow adoption of LC in the Middle East and North Africa 

(MENA) region. AlSehaimi et al. (2009) investigated a pilot implementation of the 

Last Planner Systems (LPSs) in Saudi Arabia and concluded that numerous benefits 

were gained, some potential barriers reported and suggested the implementation of 

efficient communication systems using Information and Communication 

Technologies (ICT). Enshassi et al. (2019) addressed 39 barriers to the 

implementation of LC in the Middle East (ME). Hamzeh et al. (2016) highlighted the 

first implementation of LPS in Lebanon, where several improvements were observed, 

but many challenges were faced. Othman et al. (2014) introduced an approach to 

achieving sustainability in Egypt through implementation of LC principles. 

BIM implementation encompasses two main characteristics; (1) technology 

i.e. software that facilitates modelling, and (2) visualisation processes which enables 

users to analyse models and retrieve important information such as costs, schedules, 

clash detection and more (Sacks et al., 2010; Sacks et al. 2009; Sacks et al., 2018). 
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BIM’s inherent characteristics help fulfil LC principles (Hamzeh et al., 2016; Zhang 

et al., 2018). Despite the construction industry having started the adoption of BIM and 

LC principles, there are still a lot of barriers and challenges to achieve ultimate 

LeanBIM synergies. 

6.2.1 Research objectives 

This research aim is to present critical challenges and to investigate the 

interactions of BIM and LC on CMPs that encountered by key stakeholders in their 

efforts to integrate BIM and LC. The three research questions are as follows: 

RQ1. What are the interactions between BIM and LC on CMPs? 

RQ2. What is the impact of implementing BIM, LC, LeanBIM on 

CMPs? 

RQ3. What is the readiness of the construction industry in MENA 

region for the adoption of BIM and LC, thus leading towards ultimate 

LeanBIM synergies? 

In order to achieve the research objectives, in the context of MENA 

construction mega projects, the study investigated: (1) existing literature and a review 

of BIM and LC interactions; (2) a formal exposition of this idea by defining 

interrelationships between the two in a systematic framework. This is done by means 

of frameworks that juxtaposes BIM functionalities and LC principles, establishes 

theoretical relationships between them, and identifies the constructive and destructive 

interactions between them in implementation ; (3) impact of LC principles on CMPs 

success; (4) impact of BIM functionalities on project success, (5) impact of BIM 

functionalities on LC principles areas, and (6) readiness of the construction industry 

and built environment in MENA region for the adoption of BIM and LC, thus leading 

towards ultimate LeanBIM synergies. Project success is defined as meeting the 
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objectives of supply chains. The research outcomes include recommendations and 

will be of benefit to key stakeholders in the construction industry such as 

governments, clients, engineers, real-estate developers, owners, and construction 

project teams that may adopt BIM and LC implementation. Outcomes of the research 

will also contribute to the current body of knowledge in the BIM and LC research 

domains by informing key stakeholders of critical interactions and substantial 

concerns hindering the synergies of LeanBIM integration  

The chapter is organised into seven sections. Section 6.2 introduces the topic. 

Section 6.3 is a literature review. Section 6.4 describes the research methodology. 

Section 6.5 provides the conceptual LeanBIM interactions framework. Section 6.6 

provides the research analysis, findings, and discussion of results. Section 6.7 details 

recommendations. Finally, Section 6.8 presents the conclusion and recommendations 

of this research. 

6.3 Literature review 

Liker (2004) described principles and behaviours that underlie the operational 

philosophy of the Toyota Motor Corporation. Rischmoller et al. (2006) used a set of 

lean principles as a theoretical framework, while Khanzode et al. (2005) developed a 

conceptual framework to link Virtual Design and Construction (VDC) with Lean 

Project Delivery Processes (LPDs). Sacks et al. (2009) discussed the potential 

contribution of BIM to visualization of products and process aspects of construction 

projects; while Sacks et al. (2018) highlighted the significant process change needed 

whilst implementing BIM in construction projects. 

BIM has transformed infrastructure and building development within the AEC 

industry over recent decades (Sacks et al., 2018; Evans et al., 2020b). A plethora of 

research illustrates the merits of BIM application throughout the development of the 
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entire life cycle of projects (Olawumi et al., 2018b). BIM adoption has gained 

momentum and attention from key stakeholders and decision-makers in the 

construction industry (Evans et al., 2020a; Mashali et al., 2020a, 2020b). BIM 

dimensions in construction have extended from 3D to 4D (scheduling), 5D 

(estimating), and 6D (facilities management) (Evans et al., 2020b; Tan et al., 2019; 

Olawumi et al., 2018a). BIM and LC integration could explore the full synergy of 

LeanBIM and could be considered as multi-dimensional i.e. the 10th dimension XD 

(10D).  There has been some research that has examined BIM and LC interrelations. 

Azhar et al. (2012) investigated BIM trends, critical success factors (CFSs), and 

barriers that hinder the application of BIM. Evans and Farrell (2020) investigated 

critical barriers encountered by key construction stakeholders in their efforts to 

integrate BIM and LC in the CMPs. The research concluded that the most significant 

barriers to integrate LeanBIM are: ‘lack of mandatory BIM and LC industry standards 

and regulations by governments,’ ‘lack of involvement and support of the 

government,’ ‘resistance of industry to change from traditional working practices,’ 

‘high cost of BIM software licences’, and ‘high initial investment in staff training 

costs of BIM.’ 

Chan (2014) considered the barriers of implementing BIM in the construction 

industry in Hong Kong, and Chan et al. (2019) investigated the benefits and barriers 

to implementing BIM internationally. Evans et al. (2021c) investigated the critical 

success factors (CSFs) that enhance integration between BIM and LC practices on 

CMPs and concluded that the five extreme significant BIM CSFs that boost LeanBIM 

synergy were ‘collaboration in design, construction works, and engineering 

management,’ ‘senior organisational management support,’ ‘coordination and 

planning of construction work,’ ‘earlier and precise 3D visualisation of design,’ and 
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‘boosting implementation of LC and integrating project delivery.’ Dave et al. (2013) 

investigated LC implementation in construction. Sacks et al. (2018) introduced a 

guideline to BIM for contractors, owners, designers, and engineers. Other research 

has also examined the benefits, risk, challenges, and barriers to the application of BIM 

such as Ghaffarianhoseini et al. (2017), Hamzeh et al. (2016); Olatunji et al. (2017); 

Olawumi et al. (2017); Olawumi et al. (2018a); Olawumi et al. (2018b); Olawumi et 

al. (2019a); Olawumi et al. (2019b) and; Tan et al. (2019). Ozorhon et al. (2017) 

appraised the CSFs of BIM implementation. Rogers et al. (2015) deliberated on the 

adoption of BIM in Malaysian engineering consulting services. There are too few 

studies that examine the interrelations between BIM and LC, such as those by Sacks 

et al. (2009); Sacks et al. (2010); and Zhang et al. (2018).  

The construction industry lacks collaboration and coordination that leads to 

barriers to LeanBIM synergy (Zhang et al., 2018; Sacks et al., 2010; Dave et al., 

2013). Olatunji et al. (2017) and Chan et al. (2019) debated support from top 

management and argued collaborative work environments would lead to enhancing 

BIM benefits in construction practice. Nevertheless, the construction industry has 

confronted numerous challenges and barriers related to the application of BIM tools, 

LC principles and LeanBIM (Chan et al., 2019; Azhar et al., 2012; Ghaffarianhoseini 

et al., 2017). BIM is considered a facilitating tool to the construction industry that 

meets emerging challenges (Hamzeh et al., 2016; Olawumi et al., 2019a). The level of 

readiness for implementing BIM technologies varies from organisation to 

organisation, country to country, and region to region (Azhar et al., 2012); a 

resistance to change from conventional practices was observed by Abanda et al., 

(2015) and Olawumi et al., (2018a). These challenges hindered the perfect 

implementation of BIM technologies, LC principles, and diminished the full 
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integration between LC and BIM (Olawumi et al., 2019a; Ozorhon et al., 2017). 

Despite growing research and studies in LeanBIM initiatives, the construction 

industry has focused on particular aspects without paying attention to holistic views to 

achieve optimum LeanBIM synergies (Azhar et al., 2012). The current approach in 

LeanBIM assessment is still immature and requires further research 

(Ghaffarianhoseini et al., 2017). Sarhan et al. (2017) indicated that the adoption of LC 

is still in a transition phase in the MENA region. 

Ibrahim et al. (2010a, 2010b) analysed the dynamics of the global construction 

industry with a focus on lean production systems in the Malaysian construction 

industry and concluded that it consumes large amounts of natural resources along with 

wastage, due to inefficient and improper utilisation. Numerous factors contribute to 

this poor performance, but an efficient means of identification and reduction of waste 

has always been left aside. van Lith et al. (2015) assessed maturity development of 

purchasing in construction; findings demonstrate an increase in the maturity of the 

purchasing function in general and in particular in the management of strategic 

relations, coordinated activities in supply chains, and increased use of information 

technology (IT) solutions which enable a more integrated approach in construction 

processes. Dubey (2015) investigated soft total quality management (TQM) and its 

impact on firm performance; research concluded that human resource, quality culture, 

motivational leadership and relationship management are important constructs that 

contribute to TQM validity. Tezel et al. (2018) evaluated the adoption of lean thinking 

in the UK construction industry and found that the existence of strong external 

motivational factors for lean thinking such as clients’ push, and companies’ 

expectation of winning more contracts alongside lean’s operational benefits. Limited 

adoptions of lean techniques, mostly in the stepwise process improvement cycle, the 
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last planner systems and Visual Management, were determined. Matthews et al. 

(2018) studied the impact of BIM in construction on collaboration and change 

management perspectives; research concluded that adopting BIM in construction 

project improves overall performance. Zegarra and Alarcón (2019) investigated the 

coordination of teams and processes in construction projects using a lean complex 

adaptive mechanism and suggested behaviour involves complex, flexible, and push 

features, focused on execution. Meng (2019) studies lean management in the context 

of construction supply chains in the UK industry, and the study concluded that LC 

could be enhanced if it synergises with supply chain collaboration. Demirkesen 

(2020) measured the impact of lean implementation on construction safety and 

concluded that implementing Lean practices achieves better safety performance. 

6.4 Research methodology 

To achieve the research goals, a two-stage research methodology is adopted. 

Stage1 is qualitative research and Stage 2 is quantitative. Figure 6.1: Research 

methodology demonstrates the research methodology stages 
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Figure 6.1: Research methodology (Evans et al., 2021b) 

6.4.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step research methodology 

as suggested by Farrell et al. (2016). Step 1.1 consists of a detailed review of the 

Stage 1: Qualitative research

Step 1.1: Literature review

Step 1.2: Identify critical factors; LC, BIM and 
LeanBIM

Step 1.3 Semi-structured interviews (validation)

Step 1.4:  Proposed conceptual LeanBIM 
interactions framework (LC, BIM, Lean BIM 

critical factors and interaction matrices)

Step 1.5: External validation of factors and 
matrices (focus group technique)

Stage 2: Quantitative research

Step 2.1: Survey design

Step 2.2: Pilot survey & identify participants

Step 2.3: Collect data

Step 2.4: Analysis, evaluation and 
discussion of results
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existing literature, which formulates the basis of investigating LC principles and BIM 

functionalities with a focus on LeanBIM interrelations. Step 1.2 includes the critical 

review determining interactions that occur when adopting LC and BIM jointly; 

‘LeanBIM.’ Moreover, LC principles and BIM functionalities that contribute to 

LeanBIM interrelations from existing literature reviews. Step 1.3 based on the critical 

review, outcomes were piloted with six industry expert practitioners and senior 

academic researchers through semi-structured face-to-face interviews, to validate 

determined factors and interactions. The response from professionals highlighted a 

lack of systematic exploration of all parameters in the literature, and mixing concepts 

from production, quality, sustainability, and safety, and led to a repeat of steps 1.2 and 

1.3 for multiple validations. In step 1.4, there was an introduction of frameworks for 

the interactions between BIMand LC on CMPs, the research introduced a LeanBIM 

interaction matrix consisting of ten-LC principles (10LC, PR) and ten-BIM 

functionalities(10BIM, FN), and a LeanBIM interaction matrix involving four-LC 

principles areas (4LC, A) and four-BIM Functionalities Groups(4BIM, G). Step 1.5 

encompasses multiple validations of the proposed LeanBIM interaction matrices to 

ensure that proposals aligned with the construction industry, and they were refined to 

exclude irrelevant parameters and shortfalls. Through a focus group technique, the 

proposed LeanBIM interaction matrices were validated by eleven professionals - 

seven industry experts and four academic researchers - to qualify their relevance, 

correlation, logic, and importance to the construction industry, specifically to CMPs. 

A focus group can be defined as: “a carefully planned discussion designed to obtain 

perceptions on a defined area of interest in a permissive, non-threatening 

environment” (Sink, 1991). Focus groups can be self-contained as a complete study, 

or validate other qualitative methods. Focus group techniques provide external 
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validation (Morgan, 1996; Morgan et al., 1998). Respondents were requested to 

evaluate the proposed LeanBIM interaction matrices on a 5‐point Likert scale: 1 = 

strongly disagree, 2= disagree, 3 = neutral, 4 = agree and 5 = strongly agree. Steps 

1.3 and 1.4 were repeated for multiple validation and improvements. The semi-

structured face-to-face interview approach and focus group technique was adopted 

since it indicates a high degree of reliability, high level of item response rate, and 

gives opportunity to interviewers to explain complex questions and mitigate 

inappropriate responses (Sturges and Hanrahan, 2004; Morgan, 1996; Morgan et al., 

1998). The experts selected for both semi-structured interviews and the focus group 

represented senior-level construction industry practitioners and academics that are 

based in Qatar. Experts were selected with more than fifteen years of experience of 

successful delivery of CMPs, the level of seniority in experience, proficiency in 

project delivery methods, software familiarity, experience with various forms of 

contracts, and knowledge of BIM LC, and LeanBIM. The participants have 

construction experience in many other countries, including, Qatar, Bahrain, Kuwait, 

Oman, KSA, Egypt, China, Germany, Spain, UK, Canada, and the USA. The 

participants have awareness of LC, BIM and LeanBIM. This indicated that their 

response shapes a suitable idea of the LC, BIM, and LeanBIM adoption in CMPs and 

its limitations. Table 6.1, 5.2,5.3, and 5.4 in Section 4 demonstrate proposed 

framework of LeanBIM interaction matrices after multiple improvements and 

validation 

6.4.2 Stage 2: Quantitative research methodology 

Stage 2 encompasses a four-step quantitative research methodology. Step 2.1 

comprises the design of a survey based on the validated LeanBIM interactions in 

Stage 1of the research (Step 1.5). Table 6.1 includes ten-LC principles and ten-BIM 
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functionalities, Table 6.2 details four-LC principles areas and four-BIM 

functionalities groups. Step 2.2 involves the pilot survey and identification of 

respondents. Step 2.3 is the collection of data. Step 2.4 comprises analysis, evaluation, 

and discussion of results. 

6.4.3 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on respondents such as areas of expertise, relevant 

experience, current position within their organisations and size of projects on which 

they work. Additionally, the degree of awareness of BIM and LC practices was 

determined. The second section detailed the identified LC principles, BIM 

functionalities and LeanBIM interactions in CMPs that came from the literature and 

the interviews. 

Each of the BIM functionalities and LC principles were organised into groups. 

Similar to the rating scale used in step 1.5 for the focus groups, respondents were 

asked to rate the factors on a 5-point Likert scale: 1 = strongly disagree, … 5 = 

strongly agree. Respondents were given the opportunity to add any additional factors 

or remarks at the end of the questionnaire. 

Sample size is important to obtain representative results. The population of 

this study comprised construction planners that work on projects with repetitive 

activities. Cochran’s sample size formula for categorical data (Cochran, 2007) was 

employed to establish the sample size that is seeking the maximum possible responses 

within affordability.  

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 6.1 

where 𝑛 is the initial sample size estimate, 𝑡 is the confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is the 
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margin of error (0·1). Upon calculating Equation 6.1 using the assumed data (𝑡 = 

1·96, 𝑝 = 0·5, 𝑞 = 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an on-line questionnaire designed using 

‘Google Forms’ and distributed using various modern communication tools. In 

addition, requests were sent to practitioners from professional networks and mailing 

lists such as email, LinkedIn, and Microsoft® Teams. To ensure compliance with 

ethical protocols, a note preceded the questionnaire to provide guidance on the aims 

and objectives of the research, the estimated duration to complete, to assure 

participants of their anonymity and confidentiality, and to advise that a reply was not 

compulsory. A research ethics checklist was also used to ensure there was no breach 

of institutional codes. It was deemed there was no requirement to refer the data 

collection instrument for board approval, and informed consent was implied by 

participation. Requests were sent to 161 construction industry professionals, and there 

were 98 replies from those with a variety of responsibilities such as owners, 

consultants, contractors, and subcontractor organisations. The requests were sent to 

construction industry practitioners in CMPs in Qatar and Gulf Cooperation Council 

(GCC) countries, with good knowledge of BIM and LC practices (Farrell et al., 2016, 

Hasson et al., 2000). Fellows and Liu (2015) indicate that ‘large number statistics 

require n ≥ 32. Given that 98 responses were received, it is asserted that results from 

the sample can be used to make valid inference back to the population. The response 

rate was 60%. 

6.4.4 Summary of respondent demographics 

This section describes and analyses survey respondents’ demographics. The 

majority of the survey respondents are from contractor; organisations (52, 53.1%), 

with the remainder from consultant organisations (16, 16.3%), clients (17, 17.3%), 
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subcontractors (7, 7.1%) and academics (6, 6.2%). The diversity of the respondent 

groups allows for the capture of differing views from different perspectives. 

Moreover, on average, respondents have gained more than fifteen years of working 

experience in the construction industry. This justifies an argument that respondents 

not only have theoretical knowledge of operations in the AEC industry, but they have 

brought such knowledge into practice. 

6.4.5 Data analysis statistical tools 

Several statistical tools and methods were employed in analysing the data 

collected. These include:(1) Cronbach’s alpha (α) reliability test; (2) Mean score 

ranking and standard deviation (SD); and (3) Analysis of variance (ANOVA). In 

order to accomplish the research objectives IBM® SPSS® Statistics (SPSS) Version 

26, Microsoft® Excel, and Microsoft® Word software were used. 

Reliability testing. The Cronbach’s α reliability test is mainly used to verify 

the internal consistency or reliability of the construct of questionnaire items under the 

adopted Likert scale of measurement. The range of the Cronbach’s α reliability 

coefficient is from 0 to 1; it implies that the larger the α-value, the better the reliability 

of the scale or the generated result (Cronbach, 1951; Nunnally, 1994; Hollander et al., 

2013; Field, 2013). Cronbach’s α is computed from Equation 6.2: 

𝛼 =
𝑛

𝑛 − 1
(1 −

∑ 𝜎𝑖
2𝑛

𝑖=1

𝜎𝑋
2 ) Equation 6.2 

Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each 

variable, and 𝜎𝑋
2 is the total variance of the overall score. 

Analysis of variance (ANOVA) test. ANOVA is an inferential statistical tool 

used to determine whether any statistically significant differences exist between the 

scores of two or more independent data groups. ANOVA requires typically distributed 

data points (Field, 2013). 
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6.5 Proposed conceptual LeanBIM interactions framework 

Stage 1 of this research resulted in development of frameworks for the 

interactions between (BIM) and LC on CMPs. The framework involved LC 

principles, BIM functionalities and LeanBIM interaction matrices. Table 6.1, 5.2, 5.3 

and 5.4 represent the framework and demonstrate the outcomes of stage 1 of the 

research. Table 6.1 introduces the ten-LC principles (10𝐿𝐶, 𝑃𝑅) and the ten-BIM 

functionalities (10𝐵𝐼𝑀, 𝐹𝑁) that was the basis of the study and its questionnaire. 

These principles and functions are the outcome of several stages of validation.  
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Table 6.1 : The ten-LC Principles and ten-BIM Functionalities (Evans et al., 
2021b) 

Code (𝟏𝟎𝑳𝑪, 𝑷𝑹) Code (𝟏𝟎𝑩𝑰𝑴, 𝑭𝑵) 

𝑳𝑪, 𝑷𝑹, 𝒊 The 10 LC principles 𝑩𝑰𝑴, 𝑭𝑵, 𝒋 The 10 BIM functionalities 
𝑳𝑪, 𝑷𝑹, 𝟎𝟏 Reduce variability of projects 

and processes by getting it right 
first time and improving 
upstream flow. 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟏 High visualisations for aesthetic 
and functional evaluation of 
designs 

𝑳𝑪, 𝑷𝑹, 𝟎𝟐 Reduce cycle time and 
inventories 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟐 Rapid generation of multiple 
design alternatives 

𝑳𝑪, 𝑷𝑹, 𝟎𝟑 Reduce batch size; strive for 
single-piece flow to assure 
continuous production 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟑 Predictive analysis of performance 
during designs 

𝑳𝑪, 𝑷𝑹, 𝟎𝟒 Increase flexibility using multi-
skilling 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟑 Automated cost/time estimation 
within the design stages 

𝑳𝑪, 𝑷𝑹, 𝟎𝟓 Standardise methods & 
processes using convenient 
systems to control production 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟓 Evaluation of conformance to 
client value within the design 
stages 

𝑳𝑪, 𝑷𝑹, 𝟎𝟔 Visualise production methods 
and processes whilst assuring 
continues improvement 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟔 Integration in design models based 
on single information source, 
multiple disciplines design and 
automated clash checking 

𝑳𝑪, 𝑷𝑹, 𝟎𝟕 Parallel processing using a 
convenient system to assure 
flow by parallel, and reliable 
technologies 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟕 Increase collaboration in designs 
and constructions via multi-user to 
edit and view a single model 

𝑳𝑪, 𝑷𝑹, 𝟎𝟖 Focusing on concepts, strive to 
maximise value selection and 
ensure requirements flow down 
whilst continuously verifying 
and validating 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟖 Evaluation of alternative 
construction plans with 4D 
visualisation 

𝑳𝑪, 𝑷𝑹, 𝟎𝟗 Go and see for yourself and 
taking decisions in consensus, 
considering all options for 
problem-solving 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟗 Online multidisciplinary 
communication and visualisations 
of process status for projects; 
on/off site during construction 
stages  

𝑳𝑪, 𝑷𝑹, 𝟏𝟎 Encourage networks of partners 
to improve cooperation and 
maintain valuable long-term 
relationships with 
subcontractors and suppliers 

𝑩𝑰𝑴, 𝑭𝑵, 𝟏𝟎 Integration with project partners, 
supply chains and subcontractor’ 
databases 
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Based on the framework introduced in stage 1, this research introduced ten-LC 

Principles and ten-BIM Functionalities; the research considers LC Principles and BIM 

Functions to be in full alignment with the construction industry, specifically the 

construction of megaprojects. This proposal refined the literature and considered a 

rational number of principles and functionalities that are the essential, and avoided 

repetition, and excluded irrelevant principles and functionalities. During the 

validation process of the framework in stage 1, it was accepted by professionals, that 

the number of factors retrieved from the literature review was huge, making 

coordination difficult and causing confusion when trying to understand requirements. 

In this model, all difficulties noted in the literature were avoided. In addition, the 

proposal considered the ease of data collection, effectiveness, practicality, alignment 

with the construction industry, and the ability for enhancement. Table 6.2 illustrates 

the four-LC Principles’ Areas (4𝐿𝐶, 𝐴) and the four-BIM Functionalities Groups 

(4𝐵𝐼𝑀, 𝐺). 
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Table 6.2: The four-LC Principles’ Areas (𝟒𝑳𝑪, 𝑨) and four-BIM Functionalities’ 
Groups (𝟒𝑩𝑰𝑴, 𝑮) (Evans et al., 2021b) 

Code (𝟒𝑳𝑪, 𝑨) Code (𝟒𝑩𝑰𝑴, 𝑮) 

𝑳𝑪, 𝑨, 𝒌 The four-LC principles’ 
areas 𝑩𝑰𝑴, 𝑮, 𝒉 The four-BIM functionalities’ 

groups 
𝑳𝑪, 𝑨, 𝟎𝟏 Flow process area which 

could help in decreasing time 
and cost to achieve project 
objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟏 High visualisation for evaluation of 
designs to client value and conformity 
with predictive analysis of 
performance and early cost estimation 
which could help in increasing quality 
and decreasing cost thus achieving 
project objectives 

𝑳𝑪, 𝑨, 𝟎𝟐 Value generation process 
areas which could help in 
increasing quality and 
customer satisfaction as well 
as achieving project 
objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟐 Increased cooperation during design 
and construction via multi-user 
platforms to edit and view a single 
model, to help in increasing quality 
and decreasing time and cost, as well 
achieving project objectives 

𝑳𝑪, 𝑨, 𝟎𝟑 Problem-solving process 
areas which could help in 
decreasing time and cost as 
well as avoid disputes, 
leading to customer 
satisfaction and achieving 
project objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟑 Advanced control with on-line 
multidisciplinary communication and 
actual process status for projects 
on/off site during construction stages, 
which could help in increasing quality 
and decreasing time and cost, as well 
as avoiding disputes, thus leading to 
enhanced customer satisfaction, and 
achieving project objectives 

𝑳𝑪, 𝑨, 𝟎𝟒 Developing partnering 
process areas which help in 
increasing quality and 
decreasing time and cost as 
well as avoiding disputes, 
leading to customer 
satisfaction as well as 
achieving project objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟒 Integration with project partner 
databases (such as supply chains and 
subcontractors) which help in 
increasing quality and decreasing 
time and cost, as well as avoiding 
disputes, leading to customer 
satisfaction as well achieving project 
objectives 
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The research introduces LC principles, and BIM functionalities based on the 

original principles of lean production to reduce waste and increase productivity and 

effectiveness in construction work. The most critical determinants of construction 

success are thought to be workflow reliability and labour flow. However, LC has 

changed the traditional view of projects as a transformation and embraces the concept 

of flow and value generation. Similarly, LC and BIM matrices share the same 

objectives of lean production e.g., cycle time reduction, elimination of waste and 

variability reduction. Pull production control, continuous flow, and continuous 

improvement have been the guide for the implementation of the LC model.  The 

following codes will be used through this research for simplicity: - 

▪ LC Principles codes (𝐿𝐶, 𝑃𝑅, 𝑖) where 𝑖=01, 02, ……, and 10 

▪ BIM Functionalities code (𝐵𝐼𝑀, 𝐹𝑁, 𝑗) where 𝑗=01, 02, ……, and 10 

▪ LC Principles’ Areas code (𝐿𝐶, 𝐴, 𝑘) where 𝑘=1, 2, 3, and 4 

▪ BIM Functionalities Groups code (𝐵𝐼𝑀, 𝐺, ℎ) where ℎ=1, 2, 3, and 4 

Stage 1 of this research resulted in the introduction of a new interaction 

matrix. Table 6.3 shows of the interaction matrix of ten-LC Principles (10𝐿𝐶, 𝑃𝑅) 

and ten-BIM Functionalities (10𝐵𝐼𝑀, 𝐹𝑁). 
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Table 6.3: Interaction Matrix of ten-LC Principles (𝟏𝟎𝑳𝑪, 𝑷𝑹) and ten BIM 
Functionalities (𝟏𝟎𝑩𝑰𝑴, 𝑭𝑵) (Evans et al., 2021b) 

      (10𝐿𝐶, 𝑃𝑅)                       
 
 
 
 
(10𝐵𝐼𝑀, 𝐹𝑁) (𝐿

𝐶
,𝑃

𝑅
,0

1
) 

(𝐿
𝐶

,𝑃
𝑅

,0
2

) 

(𝐿
𝐶

,𝑃
𝑅

,0
3

) 

(𝐿
𝐶

,𝑃
𝑅

,0
4

) 

(𝐿
𝐶

,𝑃
𝑅

,0
5

) 

(𝐿
𝐶

,𝑃
𝑅

,0
6

) 

(𝐿
𝐶

,𝑃
𝑅

,0
7

) 

(𝐿
𝐶

,𝑃
𝑅

,0
8

) 

(𝐿
𝐶

,𝑃
𝑅

,0
9

) 

(𝐿
𝐶

,𝑃
𝑅

,1
0

) 

(1
0

𝐿
𝐶

,𝑃
𝑅

) 

(𝐵𝐼𝑀, 𝐹𝑁, 01) 11 12 13 14 15 16 17 18 19 10 (1,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 02) 21 22 23 24 25 26 27 28 29 20 (2,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 03) 31 32 33 34 35 36 37 38 39 30 (3,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 04) 41 42 43 44 45 46 47 48 49 40 (4,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 05) 51 52 53 54 55 56 57 58 59 50 (5,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 06) 61 62 63 64 75 66 67 68 69 60 (6,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 07) 71 72 73 74 75 76 77 78 79 70 (7,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 08) 81 82 83 84 85 76 87 88 89 80 (8,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 09) 91 92 93 94 95 96 97 98 99 90 (9,PR) 
(𝐵𝐼𝑀, 𝐹𝑁, 10) 01 02 03 04 05 06 07 08 09 00 (0,PR) 
(10𝐵𝐼𝑀, 𝐹𝑁) (FN,1

) 
(FN,2

) 
(FN,3

) 
(FN,4

) 
(FN,5

) 
(FN,6

) 
(FN,7

) 
(FN,8

) 
(FN,9

) 
(FN,0

) 
(FN,P

R) 

 Note: - (ji) interaction between (𝐵𝐼𝑀, 𝐹𝑁, 𝑗) and (𝐿𝐶, 𝑃𝑅, 𝑖) 
 

Where (𝐵𝐼𝑀, 𝐹𝑁, 𝑗)  × (𝐶𝐿, 𝑃𝑅, 𝑖) matrix: the (𝐵𝐼𝑀, 𝐹𝑁, 𝑗) rows are 

horizontal, and the (𝐶𝐿, 𝑃𝑅, 𝑖) columns are vertical. Each element of the matrix is 

denoted by a variable with two subscripts 𝑗𝑖. For example, 
21

 represents the element 

in the second row and first column of the matrix. So,  is the interaction between each 

of the (𝐵𝐼𝑀, 𝐹𝑁, 𝑗) and the(𝐶𝐿, 𝑃𝑅, 𝑖). Table 6.4 demonstrates the Interaction Matrix 

of four-LC Principles Areas (4𝐿𝐶, 𝐴) and the four-BIM Functionalities Groups 

(4𝐵𝐼𝑀, 𝐺). 
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Table 6.4: Interaction Matrix of four-LC Principles Areas (𝟒𝑳𝑪, 𝑨) and four-BIM 
Functionalities Groups (𝟒𝑩𝑰𝑴, 𝑮) (Evans et al., 2021b) 

                  (4𝐿𝐶, 𝐴)                       
 
 
 
(4𝐵𝐼𝑀, 𝐺) (𝐿

𝐶
,𝐴

,1
) 

(𝐿
𝐶

,𝐴
,2

) 

(𝐿
𝐶

,𝐴
,3

) 

(𝐿
𝐶

,𝐴
,4

) 

(4
𝐿

𝐶
,𝐴

) 

(𝐵𝐼𝑀, 𝐺, 1) 11 12 13 14 (1,A) 
(𝐵𝐼𝑀, 𝐺, 2) 12 22 23 24 (2,A) 

(𝐵𝐼𝑀, 𝐺, 03) 13 32 33 34 (3,A) 
(𝐵𝐼𝑀, 𝐺, 04) 14 42 43 44 (4,A) 

(4𝐵𝐼𝑀, 𝐺) (G,1) (G,2) (G,3) (G,4) (G,A) 
 (hk) interrelation  

Where (𝐵𝐼𝑀, 𝐺, ℎ) × (𝐶𝐿, 𝐴, 𝑘) matrix: the (𝐵𝐼𝑀, 𝐺, ℎ) rows are horizontal, 

and the (𝐶𝐿, 𝐴, 𝑘) columns are vertical. Each element of a matrix is denoted by a 

variable with two subscripts 𝑗𝑖. For example, 
21

 represents the element in the second 

row and first column of the matrix. So  is the interaction between each of the 

(𝐵𝐼𝑀, 𝐺, ℎ) and the (𝐶𝐿, 𝐴, 𝑘). 

6.6 Research analysis, findings, and discussion of results 

The research adopted a series of descriptive and inferential statistical 

procedures to analyse the datasets, followed by comparative analyses; these included 

(1) ‘Cronbach's α’ reliability testing; (2) mean score ranking; (3) standard deviation 

(SD) (4) and ANOVA test. The descriptive statistical analysis was computed on the 

10 LC principles (10𝐿𝐶, 𝑃𝑅) and the 10 BIM functions (10𝐵𝐼𝑀, 𝐹𝑁). The 4 LC 

principle areas and the 4 BIM functions groups were also taken into account by 

examining the descriptive statistical analysis of (𝐵𝐼𝑀, 𝐺, ℎ) vs(𝐿𝐶, 𝐴, 𝑘). 

6.6.1 Reliability testing 

‘Cronbach’s α’ reliability test was engaged in assessing the questionnaire tools 

and scale reliability to confirm its internal consistency. The value of α ranges from 0 
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to 1, while Nunnally (1994) recommended a minimum Cronbach’s α value of 0.70. 

The Cronbach’s α value for the survey was 0.949. 

6.6.2 Pearson’s correlation analysis 

Pearson correlation test measures the internal relationship between every two 

variables of the (10𝐿𝐶, 𝑃𝑅) and the (10𝐵𝐼𝑀, 𝐹𝑁), also it tests the internal 

relationship between the four-LC Principle Areas and the four-BIM functionalities 

Groups (𝐵𝐼𝑀, 𝐺, ℎ) vs (𝐿𝐶, 𝐴, 𝑘). The linear relation between both variables, 

according to Pearson’s correlation test ranges from -1 for perfect negative correlation 

to +1 for perfect positive correlation; values can be interpreted as 0.0 to 0.2 is very 

low, 0.2 to 0.4 low, 0.4 to 0.6 medium, 0.6 to 0.8 high and 0.8 to 1.0 very high, for 

positive and negative relationships. To assure the validity of the questionnaire 

sections for this research, the value of the significance level (two-tailed) was set 

at p ≤  0.05. Table 6.5 summarises the Pearson correlation and its Sig Coefficient for 

the (𝐿𝐶, 𝑃𝑅, 𝑖) to (10𝐶𝐿, 𝑃𝑅). 
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Table 6.5: (𝑳𝑪, 𝑷𝑹, 𝒊) Pearson’s correlation values (Evans et al., 2021b) 
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𝟖
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𝑪

,𝑷
𝑹
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𝟗

) 
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𝑪

,𝑷
𝑹

,𝟏
𝟎

) 

(𝟏
𝟎

𝑳
𝑪

,𝑷
𝑹

) 

Pearson 
Correlation .840 .828 .786 .802 .912 .835 .895 .851 .741 .851 1 

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  
 

Each of the (LC, PR, i) has high to very high correlation values with a range of 

0.741 to 0.912, which assure the validity and effectiveness of using (10LC, PR) on 

CMPs. 

Table 6.6: (𝑩𝑰𝑴, 𝑭𝑵, 𝒋) Pearson’s correlation values (Evans et al., 2021b) 
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𝟎

𝑩
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,𝑭
𝑵
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Pearson 
Correlation .786 .828 .895 .838 .827 .779 .814 .826 .874 .836 1 

Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  
Each of the (𝐵𝐼𝑀, 𝐹𝑁, 𝑗) has high to very high correlation values with a range 

from 0.779 to 0.874 which assures the validity and effectiveness of using 

(10𝐵𝐼𝑀, 𝐹𝑁) on CMPs.  Table 6.6 shows the (𝐵𝐼𝑀, 𝐹𝑁, 𝑗) to (10𝐵𝐼𝑀, 𝑃𝑅). 

6.6.3 ANOVA analysis 

The one-way ANOVA was used to examine the consistency of responses and 

analyse whether there are any significant differences in the perception of respondent 

different groups. The majority of tests were found to have no significant difference; in 

some certain cases, when the p-value >0.05 ANOVA with post-hoc analysis (Scheffe) 

was conducted and gave satisfactory results. ANOVA between-subjects tests were 
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conducted to analyse the effect of respondents’ answers on each section of the 

questionnaire. The ANOVA test was conducted on three main categories: - (1) CAT-

1:(10𝐿𝐶, 𝑃𝑅), (2) CAT-2:(10𝐵𝐼𝑀, 𝐹𝑁), and (3) CAT-3: (4𝐵𝐼𝑀, 𝐺) vs (4𝐿𝐶, 𝐴). 

The impact of the 10 BIM functions (10𝐵𝐼𝑀, 𝐹𝑁) was considered to have the 

most significant impact on the success of CMPs. Figure 6.2: Impact of the ten-

Principles (𝟏𝟎𝑳𝑪, 𝑷𝑹) on CMPs’ objectives shows the impact of the (10𝐿𝐶, 𝑃𝑅) on 

the achievement of CMPs’ objectives broken down by respondents’ ratings to present 

high granularity on their perspective. It was observed that respondents rated the 

impact of the (10𝐿𝐶, 𝑃𝑅) from moderate to high. On the high scale, respondents rated 

individual BIM functions, it was observed that the (𝐿𝐶, 𝑃𝑅, 02) were deemed to be 

the most important with 50% impact. On the other hand, the (𝐿𝐶, 𝑃𝑅, 07) and 

(𝐿𝐶, 𝑃𝑅, 09) were judged to be the least important with 35.7% impact. 
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Figure 6.2: Impact of the ten-Principles (𝟏𝟎𝑳𝑪, 𝑷𝑹) on CMPs’ objectives (Evans et 
al., 2021b) 

1. Due to the adoption of BIM functionalities groups in the CMPs while 

implementing the LC Principles to get an idea about the interrelation between 

(10𝐵𝐼𝑀, 𝐹𝑁) and the (4𝐿𝐶, 𝐴). The respondents also rated the impact of the 

(4𝐵𝐼𝑀, 𝐺) on LC Principles Areas (4𝐿𝐶, 𝐴). Table 6.7 and Table 6.8 shows 

respondents’ results. 

2. (4BIM, G) impact on (LC, PR, 1) rated high to moderate, on the high scale, 

(BIM, G, 3) had the highest impact on (LC, PR, 1), and (BIM, G, 4) has the 
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lowest impact. 

3. (4BIM, G) impact on (LC, PR, 2) rated high to moderate, and (BIM, G, 1) had 

the highest impact on (LC, PR, 2), and (BIM, G, 4) had the lowest impact. 

4. (4BIM, G) impact on (LC, PR, 3) rated high to moderate, (BIM, G,1) had the 

highest impact on (LC, PR, 3), and (BIM, G, 4) has the lowest impact. 

5. (4BIM, G) impact on the (LC, PR, 3) rated high to moderate, (BIM, G, 1) had the 

highest impact on (LC, PR, 3), and (BIM, G, 3), and (BIM, G, 4) had the lowest 

impact 

Table 6.7: (𝟏𝟎𝑳𝑪, 𝑷𝑹) & (𝟏𝟎𝑩𝑰𝑴, 𝑭𝑵) Mean, SD & Variance (Evans et al., 
2021b) 

Code (10𝐿𝐶, 𝑃𝑅) Mean SD VAR Code (10𝐵𝐼𝑀, 𝐹𝑁) Mean SD VAR 

(10𝐿𝐶, 𝑃𝑅) Mean, SD, and variance (10𝐵𝐼𝑀, 𝐹𝑁) Mean, SD, and variance 

(𝐿𝐶, 𝑃𝑅, 01) 3.17 0.944 0.889 (𝐵𝐼𝑀, 𝐹𝑁, 01) 3.43 0.983 0.972 

(𝐿𝐶, 𝑃𝑅, 02) 3.15 0.976 0.953 (𝐵𝐼𝑀, 𝐹𝑁, 02) 3.46 1.02 1.02 

(𝐿𝐶, 𝑃𝑅, 03) 3.15 0.926 0.853 (𝐵𝐼𝑀, 𝐹𝑁, 03) 3.43 1.04 1.07 

(𝐿𝐶, 𝑃𝑅, 04) 3.37 0.940 0.880 (𝐵𝐼𝑀, 𝐹𝑁, 04) 3.42 0.923 0.849 

(𝐿𝐶, 𝑃𝑅, 05) 3.35 1.03 1.05 (𝐵𝐼𝑀, 𝐹𝑁, 05) 3.37 0.931 0.861 

(𝐿𝐶, 𝑃𝑅, 06) 3.36 0.927 0.860 (𝐵𝐼𝑀, 𝐹𝑁, 06) 3.37 0.927 0.856 

(𝐿𝐶, 𝑃𝑅, 07) 3.36 0.977 0.956 (𝐵𝐼𝑀, 𝐹𝑁, 07) 3.37 1.09 1.17 

(𝐿𝐶, 𝑃𝑅, 08) 3.27 0.936 0.877 (𝐵𝐼𝑀, 𝐹𝑁, 08) 3.38 1.06 1.10 

(𝐿𝐶, 𝑃𝑅, 09) 3.35 0.946 0.901 (𝐵𝐼𝑀, 𝐹𝑁, 09) 3.37 0.989 0.975 

(𝐿𝐶, 𝑃𝑅, 10) 3.34 0.882 0.776 (𝐵𝐼𝑀, 𝐹𝑁, 10) 3.42 1.05 1.07 

Note: - Two-tailed test, sample size 98, SD = Standard deviation, VAR= Variance. 
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Table 6.8: (BIM, G, h) & (LC, A, k) Mean, SD & Variance (Evans et al., 2021b) 

(𝐵𝐼𝑀, 𝐺, ℎ) 𝑣𝑠 (𝐿𝐶, 𝐴, 𝑘) Mean SD VAR (𝐵𝐼𝑀, 𝐺, ℎ) 𝑣𝑠 (𝐿𝐶, 𝐴, 𝑘) Mean SD VAR 

(𝐵𝐼𝑀, 𝐺, ℎ) 𝑣𝑠 (𝐿𝐶, 𝐴, 1)  (𝐵𝐼𝑀, 𝐺, ℎ) 𝑣𝑠 (𝐿𝐶, 𝐴, 2) 

(𝐵𝐼𝑀, 𝐺, 1) 𝑣𝑠 (𝐿𝐶, 𝐴, 1) 3.33 0.972 0.945 (𝐵𝐼𝑀, 𝐺, 1) 𝑣𝑠 (𝐿𝐶, 𝐴, 2) 3.26 1.03 1.06 

(𝐵𝐼𝑀, 𝐺, 2) 𝑣𝑠 (𝐿𝐶, 𝐴, 1) 3.37 1.01 1.01 (𝐵𝐼𝑀, 𝐺, 2) 𝑣𝑠 (𝐿𝐶, 𝐴, 2) 3.40 0.995 0.989 

(𝐵𝐼𝑀, 𝐺, 3) 𝑣𝑠 (𝐿𝐶, 𝐴, 1) 3.39 0.865 0.748 (𝐵𝐼𝑀, 𝐺, 3) 𝑣𝑠 (𝐿𝐶, 𝐴, 2) 3.31 1.11 1.22 

(𝐵𝐼𝑀, 𝐺, 4) 𝑣𝑠 (𝐿𝐶, 𝐴, 1) 3.27 1.03 1.06 (𝐵𝐼𝑀, 𝐺, 4) 𝑣𝑠 (𝐿𝐶, 𝐴, 2) 3.36 1.09 1.19 

(𝐵𝐼𝑀, 𝐺, ℎ) 𝑣𝑠 (𝐿𝐶, 𝐴, 3) (𝐵𝐼𝑀, 𝐺, ℎ) 𝑣𝑠 (𝐿𝐶, 𝐴, 4) 
(𝐵𝐼𝑀, 𝐺, 1) 𝑣𝑠 (𝐿𝐶, 𝐴, 3) 3.44 1.10 1.21 (𝐵𝐼𝑀, 𝐺, 1) 𝑣𝑠 (𝐿𝐶, 𝐴, 4) 3.40 0.971 0.941 

(𝐵𝐼𝑀, 𝐺, 2) 𝑣𝑠 (𝐿𝐶, 𝐴, 3) 3.32 1.01 1.01 (𝐵𝐼𝑀, 𝐺, 2) 𝑣𝑠 (𝐿𝐶, 𝐴, 4) 3.33 1.01 1.02 

(𝐵𝐼𝑀, 𝐺, 3) 𝑣𝑠 (𝐿𝐶, 𝐴, 3) 3.30 1.12 1.24 (𝐵𝐼𝑀, 𝐺, 3) 𝑣𝑠 (𝐿𝐶, 𝐴, 4) 3.32 0.958 0.920 

(𝐵𝐼𝑀, 𝐺, 4) 𝑣𝑠 (𝐿𝐶, 𝐴, 3) 3.28 1.05 1.09 (𝐵𝐼𝑀, 𝐺, 4) 𝑣𝑠 (𝐿𝐶, 𝐴, 4) 3.30 1.12 1.24 

Note: - Two-tailed test, sample size 98, SD=Standard deviation, VAR= Variance. 
 

ANOVA test results to compare the effect of the respondents’ position in 

industry on the perception of (10𝐿𝐶, 𝑃𝑅) adoption in CMPs indicates that designers 

have the highest potential towards (10𝐿𝐶, 𝑃𝑅) adoption in CMPs while contractors 

have least recognition. 

Table 6.9 illustrates the correlation between respondents’ position in industry, 

organisation, number of years of experience, role, project budget, BIM experience 

level, LC experience level, and their potential towards the adoption of the ten-LC 

Principles (10 𝐿𝐶, 𝑃𝑅). The results illustrate that designers are the lead contractor to 

believe in the importance of implementation of LC on construction projects, while the 

contractors and subcontractors are the least. Governmental organisation respondents 

had mean values ranging from 3.38 to 3.75 to towards the implementation of 

(10𝐿𝐶, 𝐵𝑅) while local organisations had the least potential. 
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Table 6.9: ANOVA analysis on LC Principles (𝟏𝟎𝑳𝑪, 𝑷𝑹) (Evans et al., 2021b) 

Participant’s 
Relative Importance, respondents’ potential towards (10LC, PR) adoption 

I II III IV V 

Organisation setup Consultant Client Academics Contractor Subcontractor 

Construction 
experience >20 years 16-20years 11-15years <5years 5-10years 

Career level Senior manager Manager Senior level Mid-level Junior level 

Project scale $250m-$500m $500m-$1b >1b <$100m $100m-$250m 

Awareness of LC Experienced just-certified Self-
education 

Little 
knowledge No knowledge 

Awareness of BIM  Experienced just-certified Self-
education 

Little 
knowledge No knowledge 

Note: - $= US dollar, m = million, b = billion  
 

Table 6.10 illustrates the relationship between respondents’ position in 

industry, organisation, number of years of experience, role, project budget, BIM 

experience level, LC experience level, and their potential towards the adoption of the 

ten-BIM Functionalities (10𝐵𝐼𝑀, 𝐹𝑁). 

Table 6.10: ANOVA analysis on BIM functions (𝟏𝟎, 𝑩𝑰𝑴, 𝑭𝑵) (Evans et al., 
2021b) 

Participant’s 
Relative Importance, respondents potential towards (10BIM, FN) adoption 

I II III IV V 
Organisation setup Consultant Client Academics Contractor Subcontractor 

Construction experience 16-20years >20 years <5years 11-15years 5-10years 

Career level Senior manager Manager Senior level Mid-level Junior level 

Project scale $250m-$500m $500m-$1b >1b <$100m $100m-$250m 

Awareness of LC Experienced just-certified Self-
education 

Little 
knowledge No knowledge 

Awareness of BIM  Experienced just-certified Self-
education 

Little 
knowledge No knowledge 

Note: - $= US dollar, m = million, b = billion 
 

Table 6.11 demonstrates the relationship between respondents’ position in 

industry, organisation, the number of years of experience, role, project budget, BIM 

experience level, LC experience level, and their perceived perception towards the 
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impact of (4𝐵𝐼𝑀, 𝐺) on (4𝐿𝐶, 𝐴). 

Table 6.11: ANOVA analysis on Impact of (𝟒𝑩𝑰𝑴, 𝑮) on (𝟒𝑳𝑪, 𝑨) (Evans et al., 
2021b) 

Participant’s Relative Importance, Participant rating the impact of (4BIM, G) on (4LC, A) 

I II III IV V 

Organisation setup Consultant Client Academics Contractor Subcontractor 

Construction 
experience 16-20years >20 years <5years 11-15years 5-10years 

Career level Senior manager Manager Senior level Mid-level Junior level 

Project scale $250m-$500m $500m-$1b >1b <$100m $100m-$250m 

Awareness of LC Experienced just-
certified 

Self-
education 

Little 
knowledge No knowledge 

Awareness of BIM  just-certified Self-
education Experienced Little 

knowledge No knowledge 

Note: - $= US dollar, m = million, b = billion 

6.7 Recommendations 

The research has recognised that several prominent LC principles and BIM 

functionalities impact upon the application and the ultimate integration of BIM 

techniques and LC philosophy in CMPs. The research accentuated that the 

implementation of BIM and LC has many critical factors associated with barriers that 

vary between countries. Also, the research detected a difference in the viewpoint of 

industry experts and academics on some factors. The four-LC principle areas as 

specified in Table 6.2 concern ‘flow processes’, ‘value generation processes’, 

‘problem-solving processes’, and ‘developing partnering processes’, while the four-

BIM functionality groups in Table 6.2 encompass ‘high visualisation’, ‘increase 

cooperation’, advanced control’ and ‘integration with project partners. Therefore, in 

addition to demonstrating these critical factors, this research tries to specify several 

suggested strategies to enhance LeanBIM synergy in the built environment. 

The identified ten-LC principles are ‘reduce variability’, ‘reduce cycle time’, 

‘reduce batch size’, increase flexibility’, ‘standardise flexibility’, ‘visualise 
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production method’, ‘parallel processing’, ‘focusing on concepts’, ‘go and see for 

yourself’ and ‘encourage networking’. While, the ten-BIM functionalities are ‘high 

visualisation’, ‘rapid generation of design alternatives’, ‘predictive analysis’, 

automated cost/time estimation’, ‘evaluation of conformance’, ‘integration in design 

model’, ‘increase collaboration’, online multidisciplinary communication’, and 

‘integration with project partners.’ The application of BIM and LC relies on standards 

for controlling its activities, procedures, and deliverables. BIM mandates and 

regulations have been published by some governments in the MENA region such as in 

GCC countries. The general scope of standards and mandates of LC, BIM 

implementation and LeanBIM synergy do not consider the critical ten-LC principles 

and the ten-BIM functionalities. More importantly, absence of LC standards and 

immature mandates for BIM in construction industry in that region impacts on project 

success. Hence, there is a real need for government involvement in establishing 

LeanBIM steering committees to manage LC and BIM in the built environment and to 

effectively work to issue the necessary LC and BIM standards, and issue legal 

regulations. This should provide impetus to progress LeanBIM integration. 

Therefore, this research recommends that construction key stakeholders such 

as government organisations, senior managers, clients, main contractors, and 

engineering firms diminish resistance and adopt dynamic and positive attitudes to 

change. Owners, clients, and real-estate developers of CMPs are advised to be 

proactive in adopting BIM, and LC approaches in their projects to improve LeanBIM 

synergy and ultimately project success. 

6.8 Conclusion 

The construction industry domain is continuously evolving, with 

implementation of creative processes and technologies; government policies need to 
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adopt and invest in initiatives such as BIM and LC. The research explores BIM 

functionalities and LC principles that exist in the construction industry, in an attempt 

for comprehensive implementation of LC practice along with BIM applications at the 

planning, design, and construction phases of construction projects and through the 

entire project life cycle and facilities management. 

A comprehensive analysis of existing literature, followed by a conceptual 

analysis of the interactions between BIM and LC on CMPs yielded ten-LC principles 

and ten-BIM functionalities that are categorised to four-LC principal areas, and four-

BIM functionality groups that are necessary for integration between BIM 

functionalities and LC principles. Moreover, a survey and variety of statistical 

techniques such as (1) ‘Cronbach's α’ reliability testing; (2) mean score ranking; (3) 

standard deviation (SD) (4) and ANOVA test were utilised for the analysis of data 

sets gathered from the survey. 

Furthermore, after the survey, respondents believe the impact of the 

implementation of the ten-LC Principals, generally, have a moderate to high impact 

on the achievement of CMPs’ objectives. Respondents on the moderate scale think 

that the LC principle ‘go and see for yourself and taking decisions in consensus 

considering all options for problem-solving’ has the most significant impact on the 

achievement of project objectives, while the LC principle ‘reduce batch size, strive for 

single-piece flow to assure continuous production’ has the least impact. Respondents 

believe that impact of the implementation of the ten-BIM Functionalities, generally, 

has a high to moderate impact on the achievement of construction megaproject 

objectives. Respondents on the high scale thinks that BIM functionality ‘Automated 

cost/time estimation within the design stage’ has the most significant impact on the 

achievement of the project objectives, while the BIM functionality ‘predictive 
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analysis of performance during design’ has the least impact. 

The research also indicated the present level of readiness of BIM 

functionalities and LC principles in the built environment, together with challenges 

encountered its ideal operation in CMPs. This research can be developed by assessing 

barriers on a country-by-country basis. Further research should also evaluate a case 

study construction project. Outcomes of this research have contributed and reinforced 

the current body of knowledge in BIM and LC research cross-field by offering key 

stakeholders in the construction industry the critical barriers and challenges hindering 

the ultimate adoption of BIM and LC principles. Hence, the outcomes of the research 

suggest hands-on strategies to enhance adoption of BIM technologies and LC 

principles on CMPs and supports industry key stakeholders to place emphasis on 

tackling the significant barriers of integrating BIM and LC principles in CMPs. The 

study outcomes contribute to and develop the goals of BIM and LC approaches and 

reinforce LeanBIM synergies. 

6.9 Originality/value 

Research findings and the proposed framework will enhance the adoption of 

BIM and LC practices on CMPs and allow project key stakeholders to place emphasis 

on tackling crucial challenges and barriers identified in this research. The framework 

will guide and stimulate research; and as such, the approach adopted up to this point is 

constructive. The identified interactions between BIM and LC on CMPs show 

positive synergies between the two. 

6.10 Chapter summary 

The current presents a comprehensive review and examines critical challenges 

and to investigate the interactions of BIM and LC on CMPs encountered by key 

stakeholders in their efforts to integrate BIM and LC. The following chapter critically 
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apprises barriers to integrating LC and IPD towards the GID global initiatives on 

CMPs.   
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7. CHAPTER 7: BARRIERS TO INTEGRATING LEAN 

CONSTRUCTION AND INTEGRATED PROJECT DELIVERY 

(IPD) ON CONSTRUCTION MEGAPROJECTS TOWARDS 

THE GLOBAL INTEGRATED DELIVERY (GID) IN 

MULTINATIONAL ORGANISATIONS: LEANIPD&GID 

TRANSFORMATIVE INITIATIVES AND CORPORATE 

GOVERNANCE7 

7.1 Chapter Overview 

The architecture, engineering and construction (AEC) industry encounters 

substantial risk and challenges in its evolution towards sustainable development. 

International businesses, multinational AEC organisations, technical professionals, 

project and portfolio management organisations face global connectivity challenges 

between business units, especially during the outbreak of novel coronavirus pandemic 

(COVID-19) pandemic, to manage construction megaprojects (CMPs). That raises the 

need to manage global connectivity as a main strategic goal of global organisations. 

The research aim is to investigate barriers to integrating LC practices and IPD on 

CMPs towards the GID transformative initiatives and corporate governance and 

develop future of work (FOW) global initiatives in contemporary multinational AEC 

organisations. A two-stage quantitative and qualitative research approach is adopted. 

The qualitative research methodology consists of a literature review to appraise 

 
7 This chapter is derived and edited from: 

Evans, M., Farrell, P., Elbeltagi, E., Dion, H. 2021c. Barriers to integrating lean 
construction and integrated project delivery (IPD) on construction mega-
projects towards the global integrated delivery (GID) in multinational 
organisations: Lean IPD&GID transformative initiatives. Journal of 
Engineering, Design and Technology, Vol. ahead-of-print No. ahead-of-print. 
https://doi.org/10.1108/JEDT-02-2021-0070 

https://doi.org/10.1108/JEDT-02-2021-0070
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barriers to integrating LeanIPD&GID on CMPs. Barriers are arranged into six factor 

clusters, with a conceptualisation of LeanIPD&GID, GID strategy placements, and 

FOW global initiatives with multiple validations. This analysis also involved semi-

structured interviews and focus group techniques. Stage two consisted of an empirical 

questionnaire survey that shaped the foundation of analysis and findings of 230 

respondents from 23 countries with an extensive cosmopolitan experience in 

construction of megaprojects. The survey examined a set of 28 barriers to integrating 

LeanIPD&GID on CMPs resulting from a detailed analysis of extant literature after 

validation. Descriptive and inferential statistical tests were exploited for data analysis, 

percentage scoring analysis, principal component analysis (PCA) and Eigenvalues 

were used to elaborated on clustered factors. The research conceptualised 

LeanIPD&GID principles and proposed GID strategy placements for LeanIPD&GID 

transformative initiatives and corporate governance and FOW global initiatives. It 

concluded that the most significant barriers to integrate LeanIPD&GID on CMPs are 

‘lack of mandatory BIM and LC industry standards and regulations by governments,’ 

‘lack of involvement and support of governments,’ ‘high costs of BIM software 

licences,’ ‘resistance of industry to change from traditional working practices,’ and 

‘high initial investment in staff training costs of BIM.’ PCA revealed the most 

significant factor clusters are ‘education and knowledge-related barriers,’ ‘project 

objectives-related barriers,’ and ‘attitude-related barriers.’ Awareness of BIM in the 

Middle East and North Africa (MENA) region is higher than LC, and LC awareness is 

higher than IPD knowledge. While BIM adoption in the MENA region is higher than 

LC; the second is still taking its first steps, while IPD has little implementation. 

LeanBIM is slightly integrated, while LeanIPD integration is almost not present. The 

research findings, conclusion and recommendation and proposed GID strategy 
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placements for LeanIPD&GID transformative initiatives and corporate. This will 

allow project key stakeholders to place emphasis on tackling LeanIPD&GID barriers 

identified in this research and commence GID strategies. The study has provided 

effective practical strategies for enhancing integration of LeanIPD&GID 

transformative initiatives and corporate governance. 

7.2 Introduction 

The AEC industry encounters substantial risk and challenges in its evolution 

towards sustainable development (Evans and Farrell, 2021). International businesses, 

multinational AEC organisations (including enterprises and corporations), technical 

professional, architecture, engineering, construction, project, and portfolio 

management organisations face global connectivity challenges between business 

units, especially during the COVID-19 pandemic, to manage CMPs. This raises the 

need to manage global connectivity as a main strategic goal of global organisations. 

This research introduces GID as a transformative initiative in contemporary 

organisations. The main objective of the research to investigate barriers to integrating 

LC practices and IPD on CMPs towards GID transformative initiatives and corporate 

governance in contemporary multinational AEC organisations. In the following 

sections, research will define, redefine, and conceptualise concepts that have been 

introduced or redefined from an integrative perspective. The research investigates 

barriers to integrating LC practices through IPD principles on CMPs, known as 

LeanIPD, and leading towards GID transformative initiatives and corporate 

governance in contemporary multinational organisations, called LeanIPD&GID. The 

research also investigates integration between LC practices and BIM functionalities, 

LeanBIM, as a part of holistic IPD integration processes, LeanIPD, on CMPs at 

project and portfolio level, and integration of LeanIPD principles and GID initiatives 
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at organisational levels. Accordingly, the research conceptualises integration 

principles of LeanBIM, LeanIPD, and LeanIPD&GID. 

The delivery method adopted on construction projects impacts upon 

distribution of risk and responsibilities among different project stakeholders, timing of 

their engagement and nature of their relationships (Hamzeh et al., 2019). A variety of 

project delivery methods have been employed in the construction industry, the most 

popular being the ‘traditional’ design-bid-build (DBB) method. Researchers often 

attribute poor performance to lack of integration within project delivery systems, 

referred to as ‘segmental’ project design and delivery, which manifests in a lack of 

coordination and collaboration, poor communication and reduced trust and teamwork 

(Evans et al. 2020a, Evans et al., 2020b Harper et al., 2016). Therefore, alternative 

delivery systems have evolved to cater for these deficiencies. BIM is a collaborative 

design sharing platform that helps facilitate transfer of information and knowledge 

between trades, enhance communication and cooperation, and reduce 

misunderstandings and errors (AIA/AIA CC American Institute of Architects and 

AIA California Council, 2007); BIM functionality as a collaborative design sharing 

platform helps in achieving LC principles; accordingly adoption and implementation 

of BIM, LC and  integration between BIM and LC jointly, as LeanBIM, is 

contributing to the achievement of  IPD principles, so called LeanIPD. 

IPD is an alternative project delivery approach that integrates project teams, 

business structures, operating systems and practices into a process that promotes 

innovation (Hamzeh et al., 2019). It differs from traditional delivery approaches by 

integrating principles such as early collaboration, trust-building, teamwork, collective 

risk management and profit sharing throughout project life cycles (AIA/AIA CC 

American Institute of Architects and AIA California Council, AIA/AIA CC, 2007). 
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IPD, and its relational type of contractual agreement, offers an alternative that 

addresses several deficiencies found in traditional approaches. For instance, projects 

employing IPD are found to substantially increase productivity and reduce waste, thus 

offering better performance and increasing value for owners, contractors, and 

designers (AIA/AIA CC American Institute of Architects and AIA California 

Council, 2007). The construction industry has been a slow adopter of innovative and 

smart technologies, such as BIM and integration with LC practices (Evans and Farrell, 

2020; Evans et al., 2021c; Evans et al., 2021a; Evans et al., 2021b). BIM and LC 

approaches have been introduced as two distinctive but integral initiatives (Sacks et 

al., 2010; Sacks et al., 2009). Developing modern standards for implementation of 

BIM is required (Olawumi et al. 2018; Olawumi, and Chan, 2018), while full 

integration between BIM and LC is necessary to achieve optimum LeanBIM synergy; 

integration between LeanBIM and IPD is also required to achieve LeanIPD synergies 

working towards LeanIPD&GID. Numerous studies have evaluated potential, 

barriers, risk, challenges, critical success factors, critical failure factors of BIM and its 

influence on successful delivery of construction projects (Olawumi and Chan, 2020; 

Olawumi and Chan, 2019a; Hamzeh et al., 2016; Dave et al., 2013; Ghaffarianhoseini 

et al., 2017; Azhar et al., 2012; Chan, 2014; Sacks et al., 2010; Chan et al., 2019; 

Elhendawi et al., 2019; Evans et al., 2020b; Saieg et al., 2018). 

BIM is a revolutionary design-based technology (Olawumi et al., 2018), which 

provides tangible value when implemented and fully integrated with LC (Bui et al. 

2016). Apart from the United Kingdom (UK) and the United States (US) which have 

witnessed an improved adoption and implementation of BIM and LC practices, most 

other countries are still lagging in its execution (Olawumi et al., 2017). Gu and 

London (2010), while expounding on readiness and implementation level of BIM and 
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LC practices, reported that it varies significantly across the world. Even countries 

considered to be early adopters and initiators of these concepts experienced a 

disproportionate level of knowledge (Evans et al., 2020a, b; Olawumi and Chan, 

2019b; Bradley et al., 2016). BIM implementation encompasses visualisation 

processes which enables users to analyse models and retrieve important information 

such as costs, schedules, clash detection and more (Sacks et al., 2010; Sacks et al. 

2009; Sacks et al., 2018; Giel and Issa, 2016). BIM’s inherent characteristics are also 

compatible with LC principles (Hamzeh et al., 2016; Zhang et al., 2018; Solaimani 

Sedighi, 2020; Shuquan et al., 2020). Even though the construction industry has 

started adoption of BIM and LC principles; there are still many barriers and 

challenges to achieve ultimate LeanBIM synergies. 

7.2.1 Research objectives 

Despite the obvious benefits of adopting the IPD approach in the USA and 

many countries worldwide, its implementation in the Middle East and North Africa 

(MENA) region faces a number of challenges which limit its adoption on 

megaprojects (Evans and Farrell, 2021; Rached et al., 2014). The current construction 

literature associated with the integration of IPD, LC, and or BIM is limited, and 

existing studies mostly focus on qualitative approaches. There is no research that 

investigates barriers to integrating LC practices and IPD principles on CMPs, 

LeanIPD, towards the GID transformative initiatives and corporate governance in 

contemporary multinational organisations, or LeanIPD&GID. 

In terms of integration of BIM and LC, LeanBIM, much criticism has been 

raised about separate implementation of either BIM or LC practices in the built 

environment (Olawumi and Chan, 2019b) due to difficulties and problems caused by 

its adoption. Hence, Olawumi and Chan (2020) advocated implementation of concepts 
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of BIM technologies to facilitate holistic LC development. Studies such as Evans et 

al. (2021c) and Evans and Farrell (2020) pointed out that there are still significant 

gaps in practice in adoption of innovative tools such as BIM for implementation of 

LC practices, and there are significant gaps in the literature regarding integration of 

BIM, LC, and IPD as LeanIPD on CMPs towards GID. Studies such as Olawumi and 

Chan (2019b) emphasised that without sufficient knowledge on status (such as its 

barriers) of implementation of these concepts in the construction industry; it is 

difficult to improve and track aspects of its implementation.  

Therefore, the current study will discuss BIM and challenges of utilising it to 

enable integration of LC practices in the built environment. Although previous 

research studies have highlighted profound barriers relating to BIM in the 

construction industry - none are yet to appraise impediments militating against 

adopting both LeanBIM and IPD principles on construction of megaprojects. 

Accordingly, this study reviews existing literature to gather evidence of barriers faced 

by the built environment in integrating LC practices and IPD towards GID. 

Accordingly, this chapter aims to bridge the gap in literature, investigates barriers to 

integrating LC practices and IPD principles on CMPs, LeanIPD, towards GID 

transformative initiatives and corporate governance in contemporary multinational 

AEC organisations, as LeanIPD&GID. To achieve this aim, the research methodology 

consists of literature review, a survey questionnaire, and structured interviews.  In the 

context of CMPs in contemporary multinational architecture, engineering and 

construction organisations, research objectives will be: -  

RO1: To build a comprehensive background about the research topic 

through reviewing the nature of the construction industry in CMPs, traditional 

procurement approaches and IPD, LC thinking, including BIM as a smart 
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tool, as well as barriers of implementation and integration between LC and 

IPD, LeanIPD, on CMPs towards GID, as LeanIPD&GID, transformative 

initiatives and corporate governance and FOW in contemporary multinational 

AEC organisations; 

RO2: To identify and assess LeanIPD&GID barriers, and examine the 

perception of AEC industry professionals and academics towards the barriers 

of integrating LeanIPD and LeanIPD&GID, on CMPs in GID context; and 

RO3: To establish the significance of LeanIPD&GID barriers and the 

relative weight and significance of factor clusters associated with LeanIPD 

integration – including LeanBIM - on CMPs working towards GID, GID 

strategy placements, and FOW global transformative initiatives and corporate 

governance. 

The chapter is organised into seven sections. Section 1 introduces the topic. 

Section 7.3 is a literature review. Section 7.4 describes the research methodology. 

Section 7.5 introduces GID transformative initiatives and corporate governance and 

FOW global initiatives. Section 7.6 provides the research analysis, findings, and 

discussion of results. Section 7.7 presents the conclusions. Finally, Section 7.8 

recommendations. 

7.3 Literature review 

A number of recent research studies have discussed the use of IPD, LC, and or 

BIM in the construction industry while there are little work focusing on investigating 

integration between lean principles, BIM, and IPD and implementation of this 

integration towards GID integration at organisational level. Also, there is very limited 

research that introduces project performance metrics, such as cost and schedule 

performance along with this integration. In this section, the definition of each 
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component of IPD, LC and BIM as described in the construction literature is provided 

and then recent research concentrating on the use of all three components in projects 

is discussed. Research also will define, redefine, and conceptualise integration 

principles of LC, BIM, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. In addition, 

definitions of project, portfolio, and construction megaproject are provided. Please 

refer to Figure 1.1 

7.3.1 Global integrated delivery 

The ‘globally integrated enterprise’ (GIE) business model emerged from 

massive socioeconomic changes that were occurring throughout the world in the 

1990s. A key factor was the emergence of the Internet. There are some earlier 

contributions in the GIE intuitive by Palmisano (2006), IBM (2006), and the Lisbon 

Council (2007). Maerki (2008) introduced IBM’s business model and strategy by 

explaining how the enterprise transformed from an international corporation model of 

the nineteenth century, to the multinational corporation model of the twentieth 

century. This was a response to globalisation, its subsequent impact of governance 

and technological advances in the nineteenth century. Lubowe et al. (2009) discussed 

comprehensive strategies for globally integrated operations. Bramante et al. (2010) 

discussed IBM’s case-study in transforming to GIE between 2000 and 2010.  

There is a gap in literature to link the transformation of business models from 

GEI towards the integration of BIM, LC practices, as LeanBIM, and considering 

holistic, integrative processes between LC – including BIM functionalities – and IPD, 

as LeanIPD to achieve full optimisation of these principles on construction 

megaproject working towards GID, as LeanIPD&GID. GID could be defined as a 

transformative initiative in contemporary multinational organisations (or enterprises 

or corporations) that redefines what is possible by connecting and collaborating global 



 

216  

delivery units or teams; it allows teams to grow and achieve opportunities worldwide 

(Evans and Farrell, 2021). GID encourages inventive thinking, exploration, and brings 

innovative ideas and sustainable solutions to construction megaproject clients and 

owners that leads to profitable growth and shared success with the multinational AEC 

organisations (Evans et al., 2021b). 

GID redefines how work is delivered in the AEC industry. It makes global 

connectivity and GID standard delivery approaches, increases digital capabilities, and 

enhance integration between Line of Business (LoB) services. GID benefits are: (1) 

leveraging time zone benefits and extending working days to fast track delivery of 

projects to meet schedules, (2) improving project financials combining scalable 

solutions from LoB for cost benefits, (3) facilitates access to global talent, core 

services in each LoB and expand markets and broaden LoB capabilities, (4) 

efficiently delivering word class services bringing global experience to local projects, 

(5) swift team mobilisation, (6) facilitation of advances in technology and delivery 

innovation, (7) connecting teams globally and increasing diversity, (8) enhancing 

competitive advantage for LoB through competitive pricing and offering value for 

money to clients, thus winning more work. 

7.3.2 Integrated project delivery 

American Institute of Architects and AIA California Council (AIA/AIA CC) 

(2007) defines IPD as “a project delivery approach that integrates people, systems, 

business structures and practices into a process that collaboratively harnesses talents 

and insights of all participants to optimise project results, increase value to owners, 

reduce waste, and maximise efficiency through all phases of design, fabrication, and 

construction.” Please refer to Figure 1.2.  

The principles of IPD, as its name suggests, is integration or collaboration 
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between the different participants involved in a project. For efficient collaboration to 

take place, project delivery systems must encompass several core features, including: 

(1) early collaboration during design where owners, architects, contractors, 

subcontractors, consultants and suppliers provide their expertise early in projects to 

drive innovation and improve performance (AIA/AIA CC American Institute of 

Architects and AIA California Council, 2007), (2) alignment of interests and 

objectives among project parties in line with overall project objectives (AIA/AIA CC 

American Institute of Architects and AIA California Council, 2007), (3) trust and 

respect between parties and a ‘no-blame’ culture within projects (Evans et al., 2020b), 

(4) high levels of teamwork, communication and collaboration, where knowledge and 

information is openly shared and exchanged (Evans et al., 2020a), (5) processes and 

tools that encourage cooperation, for example, BIM, (6) pain-share/gain-share 

agreements, leading to the elimination of adversarial relationships; through this 

feature, different trades are compensated for their work based on a principle that 

rewards them together according to the ultimate benefit of projects (Evans et al., 

2020b), (7) high levels of teamwork, communication and collaboration, where 

knowledge and information is openly shared and exchanged (AIA/AIA CC American 

Institute of Architects and AIA California Council, 2007), and (8) the employment of 

collaborative planning systems, such as the ‘Last Planner Systems’ (LPSs) for 

production planning and control (Ballard, 2000). This latter feature assists project 

teams in smoothing variability in construction workflow, reducing uncertainty in 

construction operations, developing planning foresight and encouraging proactive 

behaviour to remove constraints (Hamzeh et al., 2015). Table 7.1 demonstrates 

principles of IPD according to the AIA National and AIA California Council 

(AIA/AIA CC, 2007). 
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Table 7.1: Principles of IPD (Evans et al., 2021c) 

# IPD principle Description  

1 Mutual respect 
and trust 

In an integrated project, owners, designers, consultants, constructors, 
subcontractors, and suppliers understand the value of collaboration and are 
committed to working as a team in the best interests of the project. 

2 Mutual benefit 
and reward 

All participants or team members benefit from IPD. Because the integrated 
process requires early involvement by more parties, IPD compensation 
structures recognise and reward early involvement. Compensation is based on 
the value added by an organisation and it rewards ‘what’s best for project’ 
behaviour. IPD use innovative business models to support collaboration. 

3 Collaborative 
innovation and 
decision 
making 

Innovation is stimulated when ideas are freely exchanged among all 
participants. In an integrated project, ideas are judged on their merits, not on the 
author’s role or status. Key decisions are evaluated by the project team and, to 
the greatest practical extent, made unanimously. 

4 Early 
involvement of 
key participants 

In an integrated project, the key participants are involved from the earliest 
practical moment. Decision making is improved by the influx of knowledge and 
expertise of all key participants. Their combined knowledge and expertise are 
most powerful during the project’s early stages where informed decisions have 
the greatest effect. 

5 Early goal 
definition 

Project goals are developed early, agreed upon and respected by all participants. 
Insight from each participant is valued in a culture that promotes and drives 
innovation and outstanding performance, holding project outcomes at the centre 
within a framework of individual participant objectives and values. 

6 Intensified 
planning 

The IPD approach recognises that increased effort in planning results in 
increased efficiency and savings during execution. Thus, the thrust of the 
integrated approach is not to reduce design effort, but rather to greatly improve 
the design results, streamlining and shortening the much more expensive 
construction effort. 

7 Open 
communication 

IPD’s focus on team performance is based on open, direct, and honest 
communication among all participants. Responsibilities are clearly defined in a 
no-blame culture leading to identification and resolution of problems, not 
determination of liability. Disputes are recognised as they occur and promptly 
resolved. 

8 Appropriate 
technology 

Integrated projects often rely on cutting edge technologies. Technologies are 
specified at project initiation to maximise functionality, generality, and 
interoperability. Open and interoperable data exchanges based on disciplined 
and transparent data structures are essential to support IPD. 

9 Organisation 
and leadership 

The project team members are committed to the project team’s goals and 
values. Leadership is taken by the team member most capable with regard to 
specific work and services. Often, design professionals and contractors lead in 
areas of their traditional competence with support from the entire team. Roles 
are clearly defined, without creating artificial barriers that chill open 
communication and risk taking. 

Source: (AIA/AIA CC American Institute of Architects and AIA California Council, 2007) 
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7.3.3 Lean construction 

In the 1990s, recognised as an outcome of the Toyota Production System 

(TPS), lean manufacturing (or lean production) was established and implemented with 

significant achievements, and this led to the original uses of lean thinking in the 

construction industry (Ballard and Howell,1998; Koskela, 2000; Koskela, et al. 2002). 

Liker (2004) described principles and behaviours that underlie the operational 

philosophy of the Toyota Motor Corporation. Since lean principles originally 

appeared as philosophies, it can be defined in many different ways in accordance with 

the purpose of the users (Forbes and Ahmed, 2010; Koskela et al., 2019). Lean in 

construction is described as a method to design construction systems to lessen waste 

of time, materials, and effort in the interest of maximising possible project value 

(Sacks, 2013; Howell, and Koskela, 2000) 

7.3.4 Building information modelling 

BIM is defined as a digital representation of a facility illustrating accurate 

geometry and pertinent data used for supporting design, procurement, fabrication, and 

construction, of projects (Sacks et al., 2018). Building information models also 

encompass exchangeable data or files used to assist communication and decision-

making processes (Evans et al., 2021c; Evans et al., 2021b). The term 4D BIM refers 

to the adding time dimension or schedule-related information into 3D BIM models 

(usually 3D computer-aided design or CAD) of projects. With the use of simulation in 

4D models, many construction conflicts, design clashes, and constructability issues 

can be found and resolved in advance. 5D BIM is another variation developed to 

incorporate the cost dimension; 5D BIM is still in its infancy stage of practice, and 6D 

BIM, which has all data of the lifecycle management of projects, but is still 

forthcoming in practice (Sacks et al., 2018; Evans and Farrell, 2020). Table 7.2 Shows 
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LC principles BIM functionalities (Evans et al. 2021a). 

Table 7.2: The ten-LC principles and ten-BIM functionalities, (Evans et al. 2021c) 

Code (𝟏𝟎𝑳𝑪, 𝑷𝑹) Code (𝟏𝟎𝑩𝑰𝑴, 𝑭𝑵) 

𝑳𝑪, 𝑷𝑹, 𝒊 The 10 LC principles 𝑩𝑰𝑴, 𝑭𝑵, 𝒋 The 10 BIM functionalities 
𝑳𝑪, 𝑷𝑹, 𝟎𝟏 Reduce variability of projects 

and processes by getting it right 
first time and improving 
upstream flow. 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟏 High visualisations for aesthetic 
and functional evaluation of 
designs 

𝑳𝑪, 𝑷𝑹, 𝟎𝟐 Reduce cycle time and 
inventories 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟐 Rapid generation of multiple 
design alternatives 

𝑳𝑪, 𝑷𝑹, 𝟎𝟑 Reduce batch size; strive for 
single-piece flow to assure 
continuous production 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟑 Predictive analysis of performance 
during designs 

𝑳𝑪, 𝑷𝑹, 𝟎𝟒 Increase flexibility using multi-
skilling 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟑 Automated cost/time estimation 
within the design stages 

𝑳𝑪, 𝑷𝑹, 𝟎𝟓 Standardise methods & 
processes using convenient 
systems to control production 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟓 Evaluation of conformance to 
client value within the design 
stages 

𝑳𝑪, 𝑷𝑹, 𝟎𝟔 Visualise production methods 
and processes whilst assuring 
continues improvement 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟔 Integration in design models based 
on single information source, 
multiple disciplines design and 
automated clash checking 

𝑳𝑪, 𝑷𝑹, 𝟎𝟕 Parallel processing using a 
convenient system to assure 
flow by parallel, and reliable 
technologies 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟕 Increase collaboration in designs 
and constructions via multi-user to 
edit and view a single model 

𝑳𝑪, 𝑷𝑹, 𝟎𝟖 Focusing on concepts, strive to 
maximise value selection and 
ensure requirements flow down 
whilst continuously verifying 
and validating 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟖 Evaluation of alternative 
construction plans with 4D 
visualisation 

𝑳𝑪, 𝑷𝑹, 𝟎𝟗 Go and see for yourself and 
taking decisions in consensus, 
considering all options for 
problem-solving 

𝑩𝑰𝑴, 𝑭𝑵, 𝟎𝟗 Online multidisciplinary 
communication and visualisations 
of process status for projects; 
on/off site during construction 
stages  

𝑳𝑪, 𝑷𝑹, 𝟏𝟎 Encourage networks of partners 
to improve cooperation and 
maintain valuable long-term 
relationships with 
subcontractors and suppliers 

𝑩𝑰𝑴, 𝑭𝑵, 𝟏𝟎 Integration with project partners, 
supply chains and subcontractor’ 
databases 

Source: (Evans et al., 2021a, c) 
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7.3.5 Governance of portfolios, programs, and projects 

Projects exist and operate in environments that may have an influence on 

them. These influences can have a favourable or unfavourable impact on projects. 

Two major categories of influences are enterprise environmental factors (EEFs) and 

organisational process assets (OPAs). EEFs refer to conditions, not under the control 

of project teams, that influence, constrain, or direct projects. These conditions can be 

internal and/or external to organisations. EEFs are considered as inputs to many 

project management processes, specifically for most planning processes. These 

factors may enhance or constrain project management options. In addition, these 

factors may have a positive or negative influence on outcomes. OPAs are the plans, 

processes, policies, procedures, and knowledge (PMI, 2021). Governance of 

portfolios, programs, and projects involves aligning organisational project 

management (OPM), portfolios, programs, and project management. There are four 

governance domains of alignment, risk, performance and communication, and each 

domain has the following functions: oversight, control, integration, and decision 

making (PMI, 2021). PMI (2021) defines a project as: “a temporary endeavour 

undertaken to create a unique product, service, or result” and a program “as a group of 

related projects, subsidiary programs and program activities managed in a coordinated 

manner to obtain benefits not available from managing them individually.” According 

to PMI (2021) “a portfolio is defined as projects, programs, subsidiary portfolios, and 

operations managed as a group to achieve strategic objectives.”  

CMPs can be defined as temporary endeavours undertaken to create unique 

products, services, or results. Megaprojects can be characterised as large-scale, 

complex, ventures with typically a cost of USD value of one billion or more, 

involving multiple public and private stakeholders. The CMP definition aligns with 
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that of the PMI (2021) definition of a project and (Flyvbjerg, 2014); accordingly, the 

PMI Project Management Body of Knowledge (PMBOK® Guide) key components 

are: project life cycle, project phase, phase gate, project management process, project 

management process group and project management knowledge area. PMI (2021) 

defined project governance reference to frameworks, functions, and processes that 

guide project management activities to create unique products, services, or results to 

meet organisational, strategic and operational goals. CMPs involve various 

stakeholders such as international consultants, multinational contractors, and joint 

ventures, together with several design and construction teams. A formal definition of 

stakeholders is: “an individual, groups, or organisations who may affect, be affected 

by, or perceive themselves to be affected by a decision, activity, or outcome of a 

project.” 

7.3.6 LeanBIM, LeanIPD, and LeanIPD&GID concepts 

LeanBIM. BIM and LC approaches have been introduced as two distinctive 

but integral initiatives (Sacks et al., 2010; Sacks et al., 2009). Developing modern 

standards for implementation of BIM is required (Olawumi et al. 2018a), while full 

integration between BIM and LC, so-called ‘LeanBIM,’ is necessary to achieve 

optimal LeanBIM synergies (Evans et al., 2021c).  

LeanIPD. IPD is uniquely suited to put these principals into practice, because 

it solves contractual issues that prevent true collaboration and sharing of ideas, 

materials, and manpower. One of the cardinal principles of LC is that when a single 

step is optimised in a process, it de-optimises the whole. Unfortunately, traditional 

construction contracts divide all entities on projects into separate camps with each 

intent on optimising its own part, thus de-optimising the whole. Cost and profit-

sharing approaches eliminate traditional contract barriers and incentivises team 
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members to act unselfishly and make ‘project’ decisions rather than ‘trade’ decisions. 

Utilising the principles of LC and IPD processes offers two main advantages over the 

traditional design-bid and design-build processes; that is reduced waste and increased 

reliability of planning.  

LC principles focus on attitudes, processes, and techniques for continuous 

improvement, increasing value, eliminating waste in projects, loose supply chains and 

interactions with third parties, while IPD principles boosts LC principles. IPD instead 

of introducing processes to reduce waste or optimising processes, concentrates on 

collaboration between contractual parties, and thus integration between IPD and 

maximising the value of using LC processes. Integrating with BIM enhances 

collaboration, open communication and the use of innovative technologies. BIM 

functionality is a collaborative design sharing platform that helps in achieving LC 

principles, as LeanBIM, while implementation of LeanBIM achieves IPD principles. 

Those integration between LeanBIM and IPD achieves the IPD principles, so called 

LeanIPD, (Evans and Farrell, 2021; Evans et al., 2021a). 

LeanIPD&GID. Projects, including CMPs, exist and operate in environments 

that may have an influence on them. GID redefines what is possible by connecting 

and collaborating global delivery units or teams; as it allows teams to grow and 

achieve opportunities worldwide. GID encourages inventive thinking, exploration, 

and bringing innovative ideas and sustainable solutions to clients and owners of 

CMPs, that leads to profitable growth and shared success with AEC organisations. 

LeanIPD is a project delivery approach that integrates people, systems, business 

structures and practices into a process that collaboratively harnesses talents and 

insights of all participants; this includes integration of BIM, LC, as LeanBIM, and 

integrating LeanBIM with IPD as LeanIPD working towards LeanIPD&GID 
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transformative initiatives and corporate governance. 

7.3.7 Barriers to integrate LeanIPD&GID on CMPs 

There has been a surge in recent years in use of variants of BIM in 

construction process and previous studies such as Evans and Farrell (2020), Evans et 

al. (2020b, c), Olawumi and Chan (2019b) and Zhang et al. (2018) stressed the need 

to integrate BIM with LC practice to achieve LeanBIM synergy towards LeanIPD. 

However, as it is always the case when new techniques and concepts are introduced in 

construction industry, the implementation of LC practices can face setbacks and 

challenges (Hamzeh et al., 2016; Evans and Farrell, 2020). BIM has transformed 

infrastructure and building development within the AEC industry over recent decades 

(Sacks et al., 2018; Cao et al., 2015). A plethora of research illustrates the merits of 

BIM application through the development of the entire life cycle of projects 

(Olawumi et al., 2018; Chen et al., 2015). BIM adoption has gained momentum and 

attention from key stakeholders and decision-makers in the construction industry 

(Sacks et al., 2009; Sacks et al., 2010; Evans et al., 2020a; Evans et al., 2020b; 

Carvajal-Arango et al., 2019).   

Evans and Farrell (2020) applied a Delphi study to investigate the critical 

barrier factors (CBFs) encountered by key construction stakeholders in their efforts to 

integrate BIM and LC on CMPs. The research concluded that the most significant 

barriers to integrate LeanBIM are: ‘lack of mandatory BIM and LC industry standards 

and regulations by governments,’ ‘lack of involvement and support of governments,’ 

‘resistance of industry to change from traditional working practices,’ ‘high cost of 

BIM software licences’, and ‘high initial investment in staff training costs of BIM.’ 

While, Evans et al. (2021c) applied a Delphi survey to investigate the critical success 

factors (CSFs) that enhance integration between BIM and LC practices on CMPs and 
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concluded that the five extreme significant BIM CSFs that boost LeanBIM synergy 

were ‘collaboration in design, construction works, and engineering management,’ 

‘senior organisational management support,’ ‘coordination and planning of 

construction work,’ ‘earlier and precise 3D visualisation of design,’ and ‘boosting 

implementation of LC and integrating project delivery.’ Evans et al. (2021a) 

introduced frameworks for the interactions between BIM and LC on CMPs, detailing 

a comprehensive analysis of existing literature. This research included a conceptual 

analysis of interactions between BIM and LC on CMPs and yielded ten-LC principles 

and ten-BIM functionalities that are necessary for their integration. A framework of 

interaction between BIM and LC is then compiled. 

Chan (2014) considered barriers of implementing BIM in the construction 

industry in Hong Kong, and Chan et al. (2019) investigated benefits and barriers to 

implementing BIM in construction. Dave et al. (2013) investigated LC 

implementation in construction. Sacks et al. (2018) introduced a guideline to BIM for 

contractors, owners, designers, and engineers. Other researchers examined benefits, 

risk, challenges, and barriers to application of BIM such as Ghaffarianhoseini et al. 

(2017); Hamzeh et al. (2016); Hong et al. (2018); Jin et al. (2017); Olatunji et al., 

(2017); Olawumi et al., (2017); Olawumi et al., (2018); Olawumi and Chan, (2019a); 

Olawumi and Chan (2019b); Chan and Chan, 2011; Ding et al., 2015 and Tan et al. 

(2019). Ozorhon and Karahan (2017), Hong et al. (2018), and Hsu et al. (2015) 

examined CBFs of BIM implementation. Rogers et al. (2015) deliberated on adoption 

of BIM in Malaysian engineering consulting services. There are a few studies that 

examined interrelations between BIM and LC, such as Sacks et al. (2009); Sacks et al. 

(2010); and Zhang et al. (2018). While Abdirad (2017); Ahankoob et al., (2018); and 

Ahn et al. (2016) focused on assessment and maturity models of BIM adoption in 



 

226  

built environment.  

Ibrahim et al. (2010a, 2010b) analysed dynamics of the global construction 

industry with a focus on lean production systems in the Malaysian construction 

industry and concluded that it consumes large amounts of natural resources along with 

wastage, due to inefficient and improper utilisation. Numerous factors contribute to 

poor performance, but an efficient means of identification and reduction of waste has 

always been left aside. van Lith et al. (2015) found an increase in maturity of 

purchasing functions in general and in particular in management of strategic relations, 

coordinated activities in supply chains, and increased use of information technology 

(IT) solutions which enables better integrated approaches in construction processes. 

Dubey (2015) investigated soft total quality management (TQM) and its impact on 

firm performance; research concluded that human resource, quality culture, 

motivational leadership and relationship management are important constructs that 

contribute to TQM validity. Tezel et al. (2018) evaluated adoption of lean thinking in 

the UK construction industry and found that the existence of strong external 

motivational factors for lean thinking such as clients’ push, and companies’ 

expectation of winning more contracts alongside lean’s operational benefits. Zegarra 

and Alarcón (2019) investigated coordination of teams and processes in construction 

projects using a lean complex adaptive mechanism and suggested behaviour involves 

complex, flexible, and push features, focused on execution. Meng (2019) studied lean 

management in the context of construction supply chains in the UK industry, and 

study concluded that lean could be enhanced if it synergises with supply chain 

collaboration. Demirkesen (2020) measured the impact of lean implementation on 

construction safety and concluded that implementing lean practices achieves better 

safety performance. 
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Table 7.3 illustrates 28 key barriers to integrating LeanIPD&GID on CMPs, as 

detailed in extant literature. This research seeks opinions of an expert panel to rank, 

analyse and prioritise barriers recognised in extant literature, to aid key stakeholders 

and decision-makers in construction industry, and to emphasise most significant 

challenges hindering integration of LeanIPD&GID on CMPs. 

Table 7.3: Barriers to integrating LeanIPD&GID on CMPs (Evans et al., 2021c) 

Code Barriers to integrating LeanIPD&GID Reference 

B1 Increased workload for model development 1, 2, 7, 11, 13 and 22 
B2 Lack of legal framework, and contract uncertainties of BIM and LC 1, 11, 6, 3 and 23 
B3 Incompatibility issues between various software packages 4, 24, 16, 1 and 13 
B4 Varied market readiness across organisations and geographic locations 6, 26, 11, 14 and 26 
B5 Resistance of industry to change from traditional working practices 5, 27, 11, 25 and 18 
B6 Societal reluctance to change from traditional values or cultures 7, 11, 2, 27 and 28 
B7 Lack of insurance applicable to BIM, LC and LeanBIM adoption 9, 11, 2 and 9 
B8 Lack of initiatives and hesitance on future investments 8, 28,11 and 2 
B9 Organisational challenges, project strategies, and policies 10, 11 and 6 
B10 Immature dispute resolution mechanisms for BIM, LC and LeanBIM adoption 19, 29, 2 and 9 
B11 Lack of awareness and collaboration among project stakeholders 13, 2, 27 and 26 
B12 Fragmented nature of construction industry 20, 30, 2, 15, 20 and 21 
B13 Negative attitudes towards data sharing 11, 2, 3, 6, 4 and 5 
B14 User-unfriendliness of BIM analysis software programs 2, 11, 10 and 31 
B15 Lack of a well-established BIM, LC and LeanBIM workflows 15, 10, 17 and 27 
B16 High costs of BIM software licences 14, 11, 27 and 28 
B17 Ambiguous economic benefits 18, 27,28 and 2 
B18 High initial investment in staff training costs of BIM 21, 27 and 28 
B19 Lack of mandatory BIM and LC industry standards and regulations by governments 12, 11, 27, 28 and 9 
B20 Lack of involvement and support of governments 12, 11, 26 and 9 
B21 Lack of supporting LC analysis tools and software 12, 11, 27, 16 and 18 
B22 High training and implementation costs and time of BIM 16, 11, 27, 31 and 22 
B23 Intellectual properties rights, associated disputed and risk 17, 11, 23 and 3 
B24 Lack of senior management commitment and clients demand 12, 24 and 25 
B25 Difficulty in adapting to BIM technologies and processes 22, 25, 28 and 27 
B26 Low level of research in industry and academia 25, 14, 10, 4 and 5 
B27 Difficulty in allocating and sharing LC, BIM and LeanBIM risk 3113, 30 and 6 
B28 Shortage of cross-field specialists in BIM, LC and LeanBIM 12, 9, 11, 8 and 22 
 
Notes: 1= Abanda et al. (2015); 2= Azhar et al. (2012); 3= Bradley et al. (2016); 4= Bui (2016); 5= Cao et al. (2015); 6= 
Chan (2014); 7= Chan et al. (2019); 8= Chen et al. (2015); 9= Dave et al. (2013); 10= Ding et al. (2015); 11= Sacks et al. 
(2018); 12= Elhendawi et al. (2019); 13= Ghaffarianhoseini et al. (2017); 14= Hamzeh et al. (2016); 15= Hong et al. (2018); 
16= Hsu et al. (2015); 17= Jin et al. (2017); 18= Olatunji et al. (2017); 19= Olawumi et al. (2017); 20= Olawumi et al. 
(2018); 21= Olawumi and Chan (2018); 22= Olawumi and Chan (2019a); 23= Olawumi and Chan (2019b); 24= Ozorhon 
and Karahan (2017); 25= Rogers et al. (2015); 26= Sacks  et al. (2010); 27= Sacks  et al. (2009); 28= Salleh and Phui Fung 
(2014); 29= Shirowzhan et al. (2020); 30= Tan et al. (2019); 31= Zhang et al. (2018) 

 

This research validates barriers of integrating LeanIPD&GID with industry 

experts, then arranged the barriers into clustered factors. Semi-structured face-to-face 

interviews via a video conference communications approach and focus group 
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technique was adopted to validate barriers of integrating LeanIPD&GID with a 

heterogenous cluster consisting of nine construction experts from various disciplines 

in the AEC industry. Table 7.4 illustrates the factor cluster structure of barriers to 

integrating LeanIPD&GID on CMPs; these barriers were categorised into six factor 

clusters (FC): FC1, technical-related barriers; FC2, attitude-related barriers; FC3, 

education and knowledge barriers; FC4, legal barriers; FC5, project objectives-related 

barriers; and FC6, market related barriers.  



 

229  

Table 7.4: Factor clusters structure for barriers to integrating LeanIPD&GID on 
CMPs (Evans et al., 2021c) 

Code Factor clusters structure for barriers to integrating LeanIPD&GID 

FC1 Technical-related barriers 
B1 Increased workload for model development 
B3 Incompatibility issues between various software packages 
B14 User-unfriendliness of BIM analysis software programs 
B16 High cost of BIM software licences 
B21 Lack of supporting LC analysis tools and software 
FC2 Attitude-related barriers  
B6 Societal reluctance to change from traditional values or cultures 
B11 Lack of awareness and collaboration among project stakeholders 
B20 Lack of involvement and support of governments 
FC3 Education and knowledge related barriers  
B15 Lack of a well-established BIM, LC and LeanBIM workflows 
B25 Difficulty in adapting to BIM technologies and processes 
B26 Low level of research in industry and academia 
B28 Shortage of cross-field specialists in BIM, LC and LeanBIM 
FC4 Legal barriers 
B2 Lack of legal framework, and contract uncertainties of BIM and LC 
B7 Lack of insurance applicable to BIM, LC and LeanBIM adoption 
B10 Immature dispute resolution mechanisms for BIM, LC and LeanBIM adoption 
B19 Lack of mandatory BIM and LC industry standards and regulations by governments 
B23 Intellectual properties rights, associated disputed and risk 
B27 Difficulty in allocating and sharing LC, BIM and LeanBIM risk 
FC5 Project objectives related barriers  
B8 Lack of initiative and hesitance on future investments 
B9 Organisational challenges, project strategies, and policies 
B13 Negative attitude towards data sharing 
B24 Lack of senior management commitment and clients demand 
FC6 Market-related barriers  
B4 Varied market readiness across organisations and geographic locations 
B5 Resistance of industry to change from traditional working practices 
B12 Fragmented nature of construction industry 
B17 Ambiguous economic benefits 
B18 High initial investment in staff training costs of BIM 
B22 High training and implementation costs and time of BIM 
Notes: FC= Factor cluster(s) 

The construction industry indicates a lack of collaboration and coordination 

that has led to barriers to LeanBIM synergy (Zhang et al., 2018; Sacks et al., 2010; 

Dave et al., 2013; Evans et al., 2020b). Olatunji et al. (2017) and Chan et al. (2019) 

debated support from senior management, and that a collaborative work environment 

would lead to enhancing BIM benefits in construction practice. Nevertheless, the 

construction industry needs to confront numerous challenges and barriers related to 

application of BIM tools, LC principles and LeanBIM (Chan et al., 2019; Azhar et al., 

2012; Hong et al., 2018; Ghaffarianhoseini et al., 2017; Zahoor et al., 2017). BIM is 

considered a facilitating tool to the construction industry that meets emerging 

challenges (Hamzeh et al., 2016; Olawumi and Chan, 2019a). The level of readiness 
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to implement BIM technologies varies from organisation to organisation, country to 

country, and region to region (Azhar et al., 2012). Abanda et al., (2015) and Olawumi 

et al., (2018) observed a resistance to change from conventional practices. These 

challenges hindered optimum implementation of BIM technologies, LC principles, 

and diminished full integration between LC and BIM (Olawumi et al., 2019a; 

Ozorhon and Karahan, 2017). Despite growing research and studies in LeanBIM 

initiatives, the construction industry has focused on particular aspects without paying 

attention to holistic views to achieve utmost LeanBIM synergy (Azhar et al., 2012). 

The current approach in LeanBIM assessment is still immature and requires further 

research (Ghaffarianhoseini et al., 2017). 

7.4 Research methodology 

The research attempts to investigates barriers to integrating LC practices and 

IPD on CMPs towards the GID transformative initiatives and corporate governance in 

contemporary multinational AEC organisations. It compares the research aim, 

objectives and characteristics with the aim, objectives, and characteristics of different 

research approaches (Farrell et al., 2016).  This research is both descriptive and 

inferential in nature and adopts an applied approach to achieve its aim and objectives. 

Quantitative and qualitative techniques were used for data collection and analysis. 

Semi-structured face-to-face interviews and the focus group technique via video 

conference communications was adopted since it indicates a high degree of reliability, 

high level of item response rate, and gives opportunities to interviewers to explain 

complex questions and mitigate inappropriate responses (Farrell et al., 2016). Semi-

structured face-to-face interview are discussions, usually one-on-one between 

interviewers and interviewees, meant to gather information on a specific set of topics, 

while, focus groups are dynamic group discussions used to collect information 
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(Harrell, and Bradley, 2009). This strategy reduces the risk and bias associated with 

using specific methods (Fellows and Lui, 2015; Farrell, 2016; Bernard, 2000). To 

achieve the research goals, a two-stage research methodology is adopted. Stage1 is 

qualitative research and Stage2 is quantitative. Figure 7.1: Research methodology 

demonstrates the research methodology stages.   
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Figure 7.1: Research methodology (Evans et al., 2021c)   

Stage 1: Qualitative research

Step 1.1: Literature review

Step 1.2: Identify barriers/FC to integrate LC, 
BIM, LeanBIM, IPD, LeanIPD and GID, FOW 

Concepts

Step 1.3 External validation
(Focus group & semi-structured interviews)

Step 1.4:  § Proposed conceptualisation, define, 
redefine BIM, LC, LeanBIM, IPD, LeanIPD 

and GID
§ GID strategy placements

§ FOW global initatives 

Step 1.5: External validation of  concepts &  
GID strategy placements 

(Focus group technique & semi-structured 
interviews)

Stage 2: Quantitative research

Step 2.1: Survey design

Step 2.2: Pilot survey & identify participants

Step 2.3: Collect data

Step 2.4: Analysis, evaluation and 
discussion of results
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7.4.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step research methodology 

as suggested by Farrell et al. (2016). Step 1.1 comprehensive literature review to 

define key parameters and criteria affecting barriers to integrating LC practices and 

IPD on CMPs towards the GID transformative initiatives and corporate governance in 

contemporary multinational AEC organisations. Step 1.2 identify barriers to 

integrating LC, BIM, LeanBIM, IPD, LeanIPD and GID and integrate barriers to 

LeanIPD&GID into structured factor clusters. Evans and Farrell (2020) carried out 

research to investigate CBFs that hinders integration between BIM and LC practices 

on CMPs and adopted a Delphi technique. Research identified 28 barriers to 

integrating LeanIPD&GID on CMPs which were then categorised into six factor 

clusters. Step 1.3 based on the critical review, outcomes were piloted with eight 

industry expert practitioners and senior academic researchers through semi-structured 

face-to-face interviews and the focus group technique to validate determined factors 

and interactions (Farrell, 2016; Taylor et al., 2015; Harrell, and Bradley, 2009). The 

response from professionals highlighted a lack of systematic exploration of all 

parameters in the literature, and mixing concepts from production, quality, 

sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for multiple 

validations. In step 1.4, there was conceptualisation, definition, and redefinition of 

BIM, LC, LeanBIM, IPD, LeanIPD and GID. Step 1.5 encompasses multiple 

validations of concepts and GID strategy placements through semi-structured face-to-

face interviews and focus group technique. Concepts and GID strategy placements 

were validated by ten professionals - six industry experts and four academic 

researchers - to qualify their relevance, correlation, logic, and importance to the 

construction industry, specifically to CMPs. GID strategy placements encompass 
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definition, benefits, and integration between business units, geographic location, 

cultural difference, time zone leverages and analytics and cost comparison to identify 

the best locations for business units in GID. The experts selected for both semi-

structured interviews and the focus group represented senior-level construction 

industry practitioners and academics based in Qatar. Experts were selected with more 

than fifteen years of experience of successful delivery of CMPs, the level of seniority 

in experience, proficiency in project delivery methods, software familiarity, 

experience with various forms of contracts, and knowledge of BIM, LC, LeanBIM, 

IPD, LeanIPD and GID. The participants have construction experience in many other 

countries, including, Qatar, Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, 

Spain, UK, Canada, and the USA. The participants have awareness of LC, IPD and 

LeanIPD. This indicated that their responses shape a suitable idea of the LC, IPD, and 

LeanIPD adoption in CMPs and its limitations. 

7.4.2 Stage 2: Quantitative research methodology 

Stage 2 encompasses a four-step quantitative research methodology. Step 2.1 

comprises the design of a survey based on the literature review in Stage 1of the 

research (Step 1.1). Table 7.3 lists barriers to integrating LeanIPD&GID on CMPs, 

while Table 7.4 structured factor clusters of LeanIPD&GID integration barriers. Step 

2.2 involves the pilot survey and identification of respondents. Step 2.3 is the 

collection of data. Step 2.4 comprises analysis, evaluation, and discussion of results. 

7.4.2.1 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on participants such as areas of expertise, relevant 

experience, current position within their organisations and the size of projects that 

they are involved in. Additionally, the degree of awareness of BIM, LC practices and 
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IPD principles, and the extent of implementation and integration of BIM, LC, 

LeanBIM, IPD and LeanIPD on largest current project (Tanner, 2018; Taylor et al., 

2015). The second section reflected barriers in integration between LeanIPD&GID on 

CMPs that came from literature and interviews (Malhotra and Dash 2019). 

The 28 identified barriers to integrating LeanIPD&GID on CMPs, which were 

organised into six factor clusters (Farrell, 2016; Brown and Hauenstein, 2005; 

Fellows and Liu, 2015). Participants were asked to rate factors on a 7-point Likert 

scale: 0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or 

don’t know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. Participants 

were given the opportunity to add any additional factors or remarks at end of the 

questionnaire. Scores are developed on the Likert scale, developed by the American 

Psychologist Rensis Likert (1903-1981). The seven-point Likert scale has been shown 

to be more accurate, easier to use, and a better reflection of a respondent’s true 

evaluation. In light of all these advantages, even when compared to higher-order 

items, 7-point items appear to be the best solution for questionnaires such as those 

used in perception evaluations. Whether academic and industry practitioners are 

developing a new summative scale, a satisfaction survey, or a simple one-item post-

test evaluation item, accordingly, research adopted to use a 7-point rather than a 5-

point scale (Farrell et al., 2016). 

Sample size is important to obtain representative results. The population of 

this study comprised construction experts that have experience in BIM, LC, 

LeanBIM, IPD, LeanIPD and LeanIPD&GID on CMPs. Cochran’s sample size 

formula for categorical data (Cochran, 2007) was employed to establish the sample 

size that is seeking maximum possible responses within affordability. 
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𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 7.1 

 

where 𝑛 is initial sample size estimate, 𝑡 is confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is margin 

of error (0·1). Upon calculating Equation 7.1 using assumed data (𝑡 = 1·96, 𝑝 = 0·5, 𝑞 

= 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an online questionnaire designed using 

‘Google Forms’ and distributed using various tools, i.e., email, LinkedIn, WhatsApp 

and Microsoft Teams. To ensure compliance with ethical protocols, a note preceded 

the questionnaire to provide guidance on aims and objectives of research, estimated 

duration to complete, to assure participants of their anonymity and confidentiality, and 

to advise that reply was not compulsory. A research ethics checklist was also used to 

ensure there was no breach of institutional codes. It was deemed there was no 

requirement to refer data collection instrument for board approval, and informed 

consent was implied by participation. Requests were sent to 383 industry 

practitioners, and there were 230 (60%) replies from those with a variety of 

responsibilities such as owners, consultants, contractors, and subcontractor 

organisations. Fellows and Liu (2015) indicated that “large number statistics require 𝑛 

≥ 32; and a usable data set of 100 responses for factor analysis;” given that 230 

responses were received, it is asserted that results from sample can be used to make 

valid inference back to the population. The requests were sent to construction industry 

practitioners in CMPs in Qatar, GCC countries, and the MENA region with good 

knowledge of BIM, LC, LeanBIM, IPD, LeanIPD and LeanIPD&GID (Farrell, 2016, 

Hasson et al., 2000, Grisham, 2009). 
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7.4.2.2 Data analysis statistical tools 

Several statistical tools and methods were employed in analysing the data 

collected in course of the study. These include:(1) Cronbach’s alpha (α) reliability 

test; (2) ‘Shapiro-Wilk’ test of normality; (3) mean score ranking and standard 

deviation (SD); (4) inferential statistical tests such as ANOVA, post-hoc Tukey’s tests 

and correlation analysis; (5) percentage score analysis, and (6) factor analysis - 

principal component analysis (PCA) - and factor clusters significant (Farrell, 2016, 

Fellows and Liu, 2015; Field, 2018; Fang et al., 2004; LeBreton and Senter, 2008). To 

accomplish research objectives IBM® SPSS® Statistics (SPSS) Version 27, 

Microsoft® Excel, Microsoft® Word software were used. 

Reliability testing. The Cronbach’s α reliability test is mainly used to verify 

internal consistency or reliability of construct of the questionnaire items under the 

adopted Likert scale of measurement. The range of Cronbach’s α reliability 

coefficient is from 0 to 1, it implies that the larger the α-value, the better the reliability 

of the scale or the generated result (Cronbach, 1951; Nunnally and Bernstein, 1994; 

Hollander et al., 2014; Field, 2018). Nunnally and Bernstein (1994) recommended a 

minimum Cronbach’s α value of 0.70. Cronbach’s α is computed from Equation 7.2: 

𝛼 =
𝑛

𝑛 − 1
 (1 −

∑ 𝜎𝑖
2𝑛

𝑖=1

𝜎𝑋
2 ) Equation 7.2 

 

Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each 

variable, and 𝜎𝑋
2 is the total variance of the overall score. 

Mean score ranking and standard deviation. The arithmetic mean is a measure 

of central tendency which indicates the average values of a set of figures (Equation 

7.3). While SD (Equation 7.4) is a quantitative measure of the differences of each 

value from the mean and it is a measure of variability. A low SD indicates that the 
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values are close to the mean, whereas a high SD implies the data points are spread out 

over a large range of values.  

𝑋 =
∑ 𝑥

𝑛
 Equation 7.3 

𝑆𝐷 = √∑(𝑥 − 𝑋)
2

𝑛 − 1
 Equation 7.4 

Where 𝑋  = mean score;  

∑ 𝑥 = aggregated score of a set of values;  

𝑥 = individual factor value;  

𝑛 = number of values (this is, the number of respondents in this study); 

𝑆𝐷 = Standards deviation;  

For the mean ranking, if two or more factors have the same mean value, the SD values 

are used to rank them; the factor with the lower SD value is ranked higher, however, 

if they have the same mean and SD value, they will have the same rank (Hollander et 

al., 2014; Field, 2018) 

Analysis of variance (ANOVA) test. The ANOVA is an inferential statistical 

tool used to determine whether any statistically significant differences exist between 

the means of two or more independent data groups. Parametric ANOVAs requires 

normally distributed data points (Field, 2018). The post-hoc Tukey’s test is regarded 

as a posteriori test because it is only needed to confirm and reveal where the 

differences occurred between groups after an ANOVA analysis has identified 

statistically significant different groups. 

Percentage score analysis. A score on a 0-100-point scale. The percentage 

score for questions and individual participants can be calculated according to (Farrell 

et al., 2016), for ease of interpretation. On the seven-point scale of 0 (very strongly 

disagree) to 6 (very strongly agree), very strongly disagree becomes 0% and very 
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strongly agree becomes 100%. The intermediate points are 1 = approximately 16%, 2 

= 33%, 3 = 50%, 4= 67% and 5 = 84%. Similar principles are used in the multiple 

scoring scale. An overall low percentage score thus indicates disagreement, and high 

score indicates agreement. 

7.4.3 Factor analysis 

The study adopted factor analysis to reduce a large number of the barrier 

factors to a relatively set of variables by investigating the interrelationships between 

the variables (Hair et al., 2010). There are two types of factor analysis, principal 

component analysis (PCA) and Promax rotation method (Thompson, 2004); the PCA 

was used in this study. According to Field (2018), factor analysis - PCA - is a 

statistical technique used to identify the underlying clustered factors that define the 

relationships among sets of interrelated variables; and can be used to interpret 

‘nonrelated clusters’ of factors (Fang et al., 2004), and explain complex concepts 

(Thompson, 2004). Meanwhile, before subjecting the 28 barriers to integrate 

LeanIPD&GID on CMPs to factor analysis, a Pearson correlation analysis was 

conducted as recommended by Field (2018) and Hair et al. (2010) who noted that 

these statistical method helps to eliminate the existence of any multiplier effects 

among the variables. Hence, the correlations of these factors were assessed. The PCA 

was conducted using the varimax rotation method (an orthogonal rotation method) on 

the twenty-eight non-correlated barriers to integrate LeanIPD&GID on CMPs from a 

sample of 230 responses. 

7.4.4 Summary of respondent demographics 

This section describes and analyses the study’s questionnaire survey form 

regarding the respondents’ demographics. The respondents are from 23 countries 

working under diverse organisational types. The majority of survey participants are 
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from consultant organisations (98, 42.61%), with the remaining respondents from 

contractors (72, 31.30%), clients (39, 16.96%) and academics (21, 9.23%). The 

diversity of the respondents’ groups allows the capture of differing views from 

different perspectives. Moreover, on average, the respondents had more than fifteen 

years of working experience in construction. This result explains the fact that 

respondents not only have theoretical knowledge of operations in AEC industry, but 

they have brought such knowledge into practice. Respondents were classified 

according to their career level: senior management (19, 8.26%), managers (56, 

24.25%), senior level resident engineers or client’s consultants (97, 42.17%), mid-

level engineering (35, 15.22%) and junior level engineering (23, 10.00%).  

Meanwhile, respondents were asked about their level of awareness of BIM 

concepts and processes; the findings revealed the level of knowledge of BIM as 

follows: - (1) experts (32, 13.91%); (2) very knowledgeable (37, 16.09%); (3) good 

knowledge (44, 19.31%); (4) some knowledge (78, 33.91%); (5) little knowledge (23, 

10.00%); and (6) no knowledge (16, 6.96%). Figure 7.2 illustrates awareness of BIM, 

knowledge of LC and knowledge of IPD. Respondents were asked about their level of 

awareness of LC practices; the findings revealed the level of knowledge of LC as 

follows: - (1) experts (18, 7.83%); (2) very knowledgeable (20, 8.70%); (3) good 

knowledge (23, 10.00%); (4) some knowledge (70, 30.43%); (5) little knowledge (57, 

24.78%); and (6) no knowledge (42, 18.26%). Respondents were asked about their 

level of awareness of the IPD; the findings revealed that the level of knowledge of 

IPD as follows: - (1) expert (13, 5.65%); (2) very knowledgeable (14, 6.09%); (3) 

good knowledge (18, 7.83%); (4) some knowledge (32, 13.91%); (5) little knowledge 

(81, 35.22%); and (6) no knowledge (72, 31.30%). Results reflected that awareness of 

BIM in the MENA region is higher than LC, and LC awareness is higher than IPD 
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knowledge. 

 

Figure 7.2: Awareness of BIM, knowledge of LC and knowledge of IPD (Evans et 
al., 2021c) 

Respondents were also asked about the extent of implementation and 

integration of BIM, LC, LeanBIM, IPD, and LeanIPD in their largest current 

project(s). Results reflected that BIM adoption in the MENA region is higher than 

LC, while LC is still taking its first steps while IPD is very slightly implemented in 
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the MENA region. Results also revealed that LeanBIM is slightly integrated, while 

LeanIPD integration is almost not present. Figure 7.3 illustrates the Extent of 

implementation/integration of BIM, LC, LeanBIM, IPD, and LeanIPD on 

respondent’s current project(s).   
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Figure 7.3: Extent of implementation/integration of BIM, LC, LeanBIM, IPD, 

and LeanIPD on respondent’s current project(s) (Evans et al., 2021c)   
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BIM LC LeanBIM IPD LeanIPD
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Respondents were classified according to the scale of their largest current 

project(s) to: (1) megaproject(s) (> 1billion USD) (186, 80.87%), (2) large-scale 

project(s) (>500 million to 1 billion) (24, 10.43%), (3) medium-scale project(s) (>100 

M to 500 M) (10, 4.35%), (4) small-scale project(s) (>50 M to 100 M) (5, 2.17%), and 

(5) research or project(s) < 50 M (5, 2.17%). The survey participants have 

considerable professional experience in construction industry with (65) 28.26% of the 

respondents having more than twenty years working experience, the next (45) 19.57% 

of the respondents have between sixteen to twenty years working experience, while 

(58) 25.22% of the respondents have between eleven to fifteen years of experience, 

the next (47) 20.43% of the respondents (47) have five to ten years of experience, and 

(15) 6.52% of the respondents (15) have less than 5 years of experience. Respondents 

were classified according to the type of the largest current project to: (1) infrastructure 

(101, 43.91%), (2) metro/light rail transit (LRT) (95, 41.30%), (3) building (24, 

10.43%), (4) industrial (4, 1.74%), and other types of projects (6, 2.61%). 

Respondents were classified according to the type of contract or procurement on their 

largest current project(s) to: (1) lump sum contracts (26, 11.30%), (2) measurement 

contracts (3, 1.30%), (3) cost reimbursed contracts (3, 1.30%), (4) design and build 

(DB) procurement (190, 82.61%), and other types of contracts (8, 3.48%). 

The lead researcher consulted with industry professionals via semi-structured 

face-to-face interviews via video conference communications in the MENA region 

about GID implementation. Research concluded that some international AEC 

organisations working on megaproject are implementing GID through coordination 

with different branches to create BIM models and architectural, structural and MEP 

designs, and taking advantages of the cost savings and improve project financials 

combining scalable costs and time zone benefits. International AEC organisations are 
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taking advantage of carrying out designs in various branches in the MENA to 

distribute work and financial advantages. Also, international AEC organisations try to 

take advantage of cost benefits and time zone benefits in branches in Australia, India, 

the Philippines and GCC regions. For a decade, some giant local AEC organisations 

have started to create branches overseas for mainly AutoCAD® drafting and later 

BIM production in the Philippines, Egypt, and some extended locations in the GCC to 

attain cost savings. Research also revealed that attempts to take advantages of GID are 

still at their start, and focus on cost saving in BIM and production only, but does not 

yet reach implementation, nor integration between the three principles BIM, LC, 

LeanBIM, IPD, and LeanIPD on CMPs. 

7.5 GID transformative initiatives and FOW global initiatives 

This section discusses GID strategy placements, FOW global initiatives 

proposed in this study. 

7.5.1 GID strategy placements for LeanIPD&GID transformative initiatives 

The research conducted semi-structural interviews and focus group techniques 

with industry professionals and academics to discuss pillars of GID strategy, GID 

strategy placements for LeanIPD&GID transformative initiatives, and how to 

maximise benefits and tackle challenges. The research introduced proposed GID 

strategy placements which consists of 4 core foundations: (1) GID basics, (2) culture 

and language, (3) tools and (4) communication. Enterprise business solution (EBS) 

harmonises systems, processes, and tools. EBS may establish a GID steering 

committee to manage the entire GID transformation processes. Strategy brings people, 

processes and technology together in harmony to improve IPD. The first GID strategy 

foundation is GID basics which invests heavily in work sharing; workshare takes time 

and effort, that require establishing clear expectation, building relationships, and 



 

246  

encouraging and celebrating success. Culture and language are very crucial; 

organisations should work to overcome language barriers, understand office 

structures, respect holidays, culture and working hours of each LoB, and establish a 

well-defined strategy and common practise. Tools are an important pillar in GID 

strategy; project stakeholders must agree on software and hardware as early as 

possible, utilises collaborative tools, use or develop tools that help streamline 

processes and or establish project templates, or web-based applications. 

Communication is the 4th pillar of GID strategy, and organisations should establish 

consistency, structured meetings, utilise visual communication between LoB via 

modern telecommunications, communicate clear and consistent instructions, and 

create action lists and task owners; this could be facilitated by developing a dedicated 

GID web-based application. Figure 7.4 demonstrates GID strategy placements.   
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Figure 7.4: GID strategy placements (Evans et al., 2021c) 

Locations of GID centres and the geographic region or market sector that 

centres cover is a strategic decision; this decision should be an outcome of work 

between the GID Steering Committee and operation leads. There are three main 

considerations to select GID centres (1) the market sector and availability of talent in 

the centre, (2) leverage of time zones to extend working hours with reasonable 

overlaps between GID centres and other business units, and (3) financial 

consideration to combine scalable solutions for competitive pricing. GID Steering 

Committees should balance these three items, which could be described as the 

‘Project Management Triangle’ or ‘Triple Constraint’ or the ‘Iron Triangle’ (PMI, 

2021). Research through multiple interviews with industry professionals validated the 

GID basics

» Workshare takes effort 
and time

» Establish clear 
expectations

» Build relationships

» Celebrate success

Communication

» Have consistent, 
structured meetings

» Utilise visual 
communication

» Create action lists and 
task owners

» Communicate clear and 
concise instructions

Tools

» Agree on software and 
hardware early

» Utilise the collaborative 
tools

» Use tools that help 
streamline processes

» Establish project 
templates

Cultures/Language

» Work to overcome 
language barriers

» Understand office 
structure

» Respect holidays and 
work hours

» Establish common work
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GID strategy and discussed the best location in the globe for business centres that 

balances the triple constraints. Research puts Egypt and India at the heart of GID. 

This research divided the globe into 5 lead regions (1) America, (2) Europe, (3) Asia, 

(4) MENA and (5) Australia and New Zealand (ANZ). The research proposes five 

GID centres as the best fit that balance triple constrains thus: (1) Egypt, (2) India, (3) 

Poland, (4) Malaysia, and (5) Philippines. There may be other locations on the globe 

that may balance triple constraints, so each AEC organisation should investigate 

possible options. Egypt should be at the heart of GID strategy of any international 

AEC organisation due to its strategic location at the heart of the globe, availability of 

qualified talent, other resources and competitive cost compared to the Americas, 

Australia, and Europe. Egypt is the largest country in the MENA due to its political 

weight and population of more than 100 million people. Egypt has an excellent record 

of achievement in CMPs. Proposed GID centres’ locations in Egypt could be Cairo, 

Alexandria, Port Said, Mansoura, Minya and Aswan. India is the second-most 

populous country in the world and the seventh largest country by land area. India GID 

centres could serve the Asia region, with the proposed locations in India being New 

Delhi, Mumbai, Hyderabad, Kolkata, Pune, and Bangalore. Poland could lead Europe; 

GID centres could be in Krakow (traditional know as Cracow), Warsaw and Łódź 

(written in English as Lodz). Malaysia in southeast Asia, could have a GID centre in 

national capital Kuala Lumpur. A Philippines GID centre could be in Manila.  Figure 

7.5 demonstrates proposed global delivery centres (GDC). 
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Figure 7.5: Proposed global delivery centres (GDC) locations [vector artwork 
design using Adobe® Illustrator software] (Evans et al., 2021c) 

7.5.2 Future of work global initiatives 

As the AEC industry continue journey of transformation and growth, during 

the COVID-19 pandemic, there is a reflection point to innovate and create new ways 

of working. There are significant changes for enhancements of employees’ 

experience, prioritising their professional development, wellbeing, and benefits. 

During the COVID-19, many organisations have made substantial changes to how 

people live and work. But before that, experts understood the importance of 

technological advancements and globalisation and the impacts regarding the evolution 

inworking systems. The FOW global initiatives is transforming the behaviours, 

technologies and physical and virtual spaces as workplaces that influence working 

methods, creating modern, flexible work platforms tailored to people’s unique needs. 

To attract and retain world-class talent, the AEC industry must provide flexibility: this 

includes a choice-based, work-anywhere approach in addition to dynamic work 

environments that encourage and enable collaboration and connection. The FOW rests 

on a foundation of three elements – Culture, Place and Tools. Each of these elements 
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is vital to creating effective work environments: - 

• Culture of caring and inclusion is a foundation, organisation can celebrate the 

differences that drive collective strength. There’s no limit to who you can be 

and what we can achieve. 

• Place determines identity, imbues culture, and connects people. The FOW is 

people-centric and requires places that prioritise work activities that are 

group focused. 

• Tools workstream is dedicated to exploring & defining the digital 

infrastructure to allow us to create, capture, track and deliver solutions across 

our markets and lines of business to support an increasingly distributed 

workforce. 

People-centric work platforms fully embrace the culture of inclusivity by 

giving people flexibility to choose how and where they want to work based on their 

needs, teams, and clients. Traditional offices were ‘invented’ to solve a problem: 

organisations needed to host several people in one place to enable both easy 

communication and access to documents and other information. Today, technology 

effectively addresses most of those needs, so it is time for the purpose and function of 

offices to evolve along with that. Adopting a combination of physical hardware and 

new interactive virtual platforms will allow people to engage across organisations as 

never before and enhance the entire employee experience. These tools will improve 

ability to meaningfully engage with colleagues and clients while helping to be more 

productive. This also reinforces the need to effectively store and share knowledge 

across the enterprise. Figure 7.6 represents employee ‘work modes; distributed by 

location and ‘the destinations’ where it is a physical and virtual way to work. 
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Figure 7.6: The destinations, and ‘work modes’ distributed by locations (Evans et al., 2021c) 
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In the past people were often dedicated to individual workstations; while post-

COVID-19 thinking shifting the use of space to support groups and teams at a variety 

of workstations that will be technology enabled. This transformation journey will take 

several years as the AEC industry progresses from traditional systems to FOW 

systems and procedures. To achieve the aim of the research; the lead researchers 

consulted with various teams working in the AEC industry such as architects, 

disciplines engineers and practitioners, planners, IT specialists, focus groups across 

lines businesses and corporates functions. FOW concept divided the type of work in 

AEC organisations into five ‘work modes’ ranges from active to focused. The five 

‘work modes’ are structured as follows: - 

• Learning/mentoring. Group or one on one interactions, where employee 

training or learning takes place. 

• Group/team. Meeting place for group work, idea sharing and presentations. 

• Social interaction. Acts as a hub for both employees and surrounding 

community fostering social connections. 

• Decompress. Where an employee can unplug, unwind, and seek respite from 

work. 

• Focused. Typically, individual, heads down tasks, where independent and 

deep work occurs. 

FOW concept designated some key office ‘destinations’ associated with the 

five ‘work modes’ – the porch, the park, the classroom, the lab, and the library. The 

porch is a welcoming, inviting, and safe landing point. The park is a place where you 

connect and socialise. The classroom is for teaching, learning, mentoring, and 

connecting. The lab is a place for innovation, collaboration, and ideation. While the 

library is for heads down, and individual work. The destinations are range of settings 
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and choice-based environment, while ‘work modes’ no longer need to be tied to a 

physical place and space type. The ‘destinations’ are places that are furnished with 

appropriate furniture to accommodate different ‘work modes,’ such as power and Wi-

Fi connectivity. There should be storytelling and brand integration in each space, and 

modular components for flexibility, speed, and sustainability. Acoustic and absorptive 

materials should be used, and other materials and products that support sustainability 

goals. Tools are required to connect people virtually as well as physically to 

collaborate, innovate, learn and engage. Tools will serve people and places, such as 

upon entering ‘the porch’ a contactless touch identification allows users to enter the 

space without human contact. ‘The park’ could be equipped with virtual reality (VR) 

capabilities, broadcasts large gathering such as ‘town hall meetings.’ Whereas, ‘the 

lab’ will be equipped with tools allow BIM, 3D design, full-scale virtual modelling 

supports real time drawing, sharing, design and manufacturing, and computer 

programming and coding for robotic construction arms. 

Furniture will offer a range of setting and choice-base environment. A 

conceptual floor plan for focus work such as ‘the library’ may furnished with a 

combination of community tables with monitors incorporated, semi-open booths with 

monitors, mobile tables with monitors and task chairs, hight adjustable desks and task 

chairs and individual focus desks. Collaborative workspace floor plans may be 

furnished with a combination of communal tables with benches and chairs, semi-open 

4 persons railway carriage booths, enclosed co-creations, full enclosed 1-2 person 

pods, semi-open 3-4 person technology enabled, movable touch screen monitors, and 

banquette seating. The comfort of employees is essential so specific considerations to 

office location is important, such as accessibility, gym/shower facilities, proximity to 

clients, outdoor space, cafes, restaurants, gender neutral washrooms, lounges, parking 
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and proximity to +15 walkway network (pedestrian skywalk systems, the system is so 

named because the skywalks are approximately 15 feet (approximately 4.5 metres) 

above street level). 

7.6 Research analysis, findings, and discussion of results 

This section discusses the results of the data collected via the questionnaire 

surveys and the findings of the statistical tools employed in the study. 

7.6.1 Reliability and normality testing 

‘Cronbach’s α’ reliability test was engaged in assessing the questionnaire tools 

and scale reliability to confirm that it gauges the accurate hypothesis and assesses its 

internal consistency. The Cronbach’s α value for the survey was 0.958, and the scale 

is therefore found to be highly internally reliable. Furthermore, the ‘Shapiro-Wilk’ 

test for normality was undertaken to work out the distribution of the dataset, and 

whether there is normal distribution or not. The significance value (𝑝 − 𝑣𝑎𝑙𝑢𝑒) of the 

Shapiro-Wilk test is greater than 0.05; the data complies with the normal distribution. 

7.6.2 Descriptive statistical tests and percentage score 

Percentage score indicates a score on a 0-100-point scale. The percentage 

score for questions and individual participants can be calculated. Barrier 19 has an 

overall mean score of 5.24 given a range of 0 to 6. The percentage score values of ‘all 

respondents’ was calculated for all barriers and included in Table 7.5; it ranges from 

57.75% to 85.14%. The most significant barriers resulted from percentage score 

analysis matches the outcomes of method of ranking the means used earlier. For 

example, barrier 19 overall percentage score is 85.14% as most significant barrier 

while barrier 4 overall percentage score is 57.75% as least significant barrier.  
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Table 7.5: Barriers to integrating LeanIPD&GID on CMPs: inter-group 
comparison (Evans et al., 2021c) 

LeanIPD
&GID 
barriers 

Consultants Contractors Clients Academics Overall 
𝑭 𝑺𝒊𝒈. 

𝝁 𝑹 𝝁 𝑹 𝝁 𝑹 𝝁 𝑹 𝝁 𝝈 
% 

score 𝑹 

B1 3.82 28 4.22 27 3.96 27 3.80 26 3.97 1.285 76.01% 27 1.971 0.119 
B2 4.64 11 4.95 9 4.71 9 4.86 7 4.77 1.046 69.28% 11 1.885 0.133 
B3 4.24 18 4.65 18 4.37 18 4.53 14 4.42 1.149 80.07% 18 2.601 0.053 
B4 3.93 26 3.93 28 3.56 27 3.51 28 3.83 1.324 57.75% 28 1.726 0.162 
B5 4.91 4 5.08 2 4.86 3 5.10 3 4.97 0.958 65.00% 4 1.025 0.382 
B6 4.05 25 4.55 23 3.98 25 4.12 25 4.20 1.115 61.59% 25 4.979 0.002 
B7 3.92 27 4.32 26 3.91 26 3.71 27 4.03 1.230 70.51% 26 3.067 0.029 
B8 4.33 16 4.69 16 4.48 16 4.49 14 4.48 1.165 75.22% 16 1.829 0.143 
B9 4.61 12 4.94 9 4.59 13 4.77 9 4.72 1.064 66.01% 12 2.189 0.090 
B10 4.11 23 4.55 25 4.09 24 4.20 24 4.25 1.095 71.01% 24 3.658 0.013 
B11 4.38 15 4.71 15 4.44 17 4.53 14 4.51 1.141 67.68% 15 1.692 0.170 
B12 4.15 22 4.59 22 4.26 22 4.49 22 4.34 1.100 71.67% 22 3.518 0.016 
B13 4.39 14 4.75 14 4.55 14 4.53 14 4.54 1.114 68.41% 14 1.986 0.117 
B14 4.18 20 4.62 20 4.33 20 4.53 14 4.37 1.120 76.30% 20 3.188 0.025 
B15 4.70 10 4.93 11 4.71 9 4.82 7 4.78 1.024 82.17% 10 1.094 0.353 
B16 5.07 3 5.17 2 4.99 3 5.06 3 5.08 0.828 66.74% 3 0.588 0.623 
B17 4.13 23 4.57 23 4.16 23 4.33 23 4.29 1.096 81.52% 23 3.519 0.016 
B18 4.99 6 5.17 5 4.96 7 5.10 2 5.05 0.862 83.62% 5 1.046 0.373 
B19 5.27 1 5.18 2 5.23 1 5.26 1 5.24 0.621 85.14% 1 0.466 0.707 
B20 5.17 2 5.21 1 5.07 2 5.06 5 5.16 0.753 76.52% 2 0.551 0.648 
B21 4.74 9 4.93 11 4.71 9 4.73 11 4.79 1.010 78.55% 9 0.879 0.453 
B22 4.94 5 4.98 6 4.79 5 4.65 6 4.89 1.047 70.22% 6 0.936 0.424 
B23 4.29 17 4.68 17 4.51 14 4.53 14 4.47 1.146 77.90% 17 2.316 0.077 
B24 4.80 8 5.01 8 4.79 8 4.77 11 4.86 0.963 74.49% 8 1.139 0.334 
B25 4.54 13 4.92 11 4.68 9 4.61 13 4.69 1.072 68.91% 13 2.433 0.066 
B26 4.22 19 4.63 19 4.37 18 4.53 14 4.40 1.135 68.33% 19 2.722 0.045 
B27 4.18 20 4.62 20 4.29 21 4.57 14 4.37 1.127 79.49% 21 3.354 0.020 
B28 4.91 7 5.06 6 4.90 6 4.77 9 4.95 0.946 76.01% 7 0.865 0.460 

Average percentage scoring = 72.52%    

Note: μ =Mean; 𝑅 =Rank; σ =Standard deviation; Sig = Significance ‘𝑝’; F= ANOVA F test ‘group means significance’ 

 

Mean scores - x̅ ‘x-bar’ or μ ‘mu’ - was used as a basis of ranking the twenty-

eight LeanIPD barriers and if two or more elements had an identical mean score μ, the 

standard deviation (SD) - σ ‘Greek letter Sigma’ - is employed in the ranking. 

Descriptive analysis of ‘variance’ – σ2 ‘Greek letter Sigma Squared’ – was also 

considered. Mean score, μ, values of the survey for the twenty-eight barriers to 

integrate LeanIPD&GID on CMPs are indicated in Table 7.3 and categorised in factor 

clusters in Table 7.4. For the 28 identified barriers to integrate LeanIPD&GID on 

CMPs, the overall mean values range from 4.11 to 4.99 given a range of 0 to 6. Table 

7.6illustrates the significance of barriers to integrate LeanIPD&GID on CMPs ranked 

in descending order. Results shows that ‘all respondents’ rated the most significant 
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challenges as follows: - 

1. B19: Lack of mandatory BIM and LC industry standards and regulations by 

the governments. 

2. B20: Lack of involvement and support of the governments 

3. B16: High cost of BIM software licences 

4. B5: Resistance of industry to change from traditional working practices 

5. B18: High initial investment in staff training costs of BIM 
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Table 7.6: Significance of barriers to integrate LeanIPD&GID on CMPs ranked in 
descending order (Evans et al., 2021c) 

Code Significance of barriers to integrating LeanIPD&GID Ranking 

B Lack of mandatory BIM and LC industry standards and regulations by governments 1 

B Lack of involvement and support of governments 2 

B High costs of BIM software licences 3 

B Resistance of industry to change from traditional working practices 4 

B High initial investment in staff training costs of BIM 5 

B High training and implementation costs and time of BIM 6 

B Shortage of cross-field specialists in BIM, LC and LeanBIM 7 

B Lack of senior management commitment and clients demand 8 

B Lack of supporting LC analysis tools and software 9 

B Lack of a well-established BIM, LC and LeanBIM workflows 10 

B Lack of legal framework, and contract uncertainties of BIM and LC 11 

B Organisational challenges, project strategies, and policies 12 

B Difficulty in adapting to BIM technologies and processes 13 

B Negative attitudes towards data sharing 14 

B Lack of awareness and collaboration among project stakeholders 15 

B Lack of initiatives and hesitance on future investments 16 

B Intellectual properties rights, associated disputed and risk 17 

B Incompatibility issues between various software packages 18 

B Low level of research in industry and academia 19 

B User-unfriendliness of BIM analysis software programs 20 

B Difficulty in allocating and sharing LC, BIM and LeanBIM risk 21 

B Fragmented nature of construction industry 22 

B Ambiguous economic benefits 23 

B Immature dispute resolution mechanisms for BIM, LC and LeanBIM adoption 24 

B Societal reluctance to change from traditional values or cultures 25 

B Lack of insurance applicable to BIM, LC and LeanBIM adoption 26 

B Increased workload for model development 27 

B Varied market readiness across organisations and geographic locations 28 

 

7.6.3 Inferential statistical tests based on organisational setup 

To further investigate differences in perception of respondents (consultants, 

contractors, clients and, academics), an ANOVA was employed to analyse the 28 

identified barriers to integrating LeanIPD&GID on CMPs. Siegel and Castellan 

(1988) recommended that a post-hoc Tukey’s test be conducted on factors that are 
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significant at 𝑝 < 0.05. 

The ANOVA analysis conducted on the results at significance level (𝑝) ≤5% 

showed some significant agreement in the opinions of respondents from diverse 

organisational setups on all factors such as ‘B26: low level of research in industry and 

academia’  [F (26, 229) = 3.658  𝑝 = 0.020]; ‘B10: immature dispute resolution 

mechanisms for BIM, LC and LeanBIM adoption’ [F(10, 229) = 1.692 𝑝 = 0.013]; 

‘B6: societal reluctance to change from traditional values or cultures’ [F(6, 229) = 

4.979 𝑝 = 0.002]; ‘B14: user-unfriendliness of BIM analysis software programs’ 

[F(14, 229) = 3.188 𝑝 = 0.025]; ‘B12: fragmented nature of construction industry’ 

[F(12, 229) = 3.518 𝑝 = 0.016] among others (see Table 7.5). Moreover, based on the 

post-hoc Tukey’s test evaluation of significant barriers, seventeen barriers were found 

to be more important (𝑝 > 0.05). These include ‘B11: lack of awareness and 

collaboration among project stakeholders’ with a moderate significance (𝑝 = 0.170) of 

which the respondents from the private clients (M = 4.25, SD = 1.141).  

7.6.4 Factor analysis for factor clusters of LeanIPD&GID integration barriers 

The results of the factor analysis are shown in Table 7.7, while the column 

‘factor loading’ illustrates the total variance explained by each factor. Field (2018) 

recommended that the sample size must be considered sufficient in the ratio of 1:5 

(number of variables: sample size) which the current study fulfilled. That is, 28 

barrier factors multiplied by five samples required for each factor = at least 140 

samples needed to proceed with the factor analysis. Kaiser–Meyer–Olkin (KMO) tests 

for sampling adequacy and Bartlett’s test of sphericity (BTS) was used to examine the 

appropriateness of PCA for factor extraction (Field, 2018, Fang et al., 2004). 

The KMO value for the study’s factor analysis is 0.926, which shows an 

‘excellent’ degree of common variance (Field, 2018; Green and Salkind, 2016; Siegel 
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and Castellan,1988) and above the acceptable threshold of 0.50 (Field, 2018). 

According to Field (2019) and Malhotra and Dash (2019), a KMO value close to 1 

indicates that a compact pattern of correlations and that the PCA will generate distinct 

and reliable clusters. The BTS analyses revealed a substantial test statistic value (Chi-

Square = 9304.945) and a small significance value (𝑝 = 0.000, df = 378) which per 

Field (2018) implies that the correlation matrix is not an identity matrix. Therefore, as 

the various requirements needed to proceed with a factor analysis have been met, the 

PCA can be applied in this study for further investigation and discussion. This ensures 

the research can be conducted with better reliability and confidence. Six underlying 

clusters factors were extracted using PCA which represent 85.882% of the total 

variance in responses (see Table 7.7) which is above the minimum threshold of 60% 

(Hair et al., 2010; Malhotra and Dash, 2019). 

The 28 barriers to integrate LeanIPD&GID on CMPs are represented in one of 

the six underlying grouped factors, and all the factor loadings of each barrier factors 

are close to 0.5 or higher as suggested by (Malhotra and Dash, 2019). According to 

Hair et al. (2010) the higher the value of the factor loading of an individual factor 

(which is maximum of 1.0), the higher the significance of the factor to the underlying 

clustered factors. The factor loading values also reflect how each factor contributes to 

its underlying clustered factors (Hair et al., 2010; Fang et al., 2004). The findings 

reveal a consistent and reliable factor loading and interpretation of the extracted 

individual factor.  
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Table 7.7: Factor structure for the PCA analysis of barriers to integrate 
LeanIPD&GID on CMPs (Evans et al., 2021c) 

Code Factor clusters of barriers to integrating LeanIPD&GID Mean Factor 
loading 

Eigen
value 

Percentage 
of variance 
explained 

Cumulative 
percentage 
of variance 
explained 

FC1 Technical-related barriers 4.53  13.724 49.015 49.015 
B1 Increased workload for model development  0.655    
B3 Incompatibility issues between various software packages  0.879    
B14 User-unfriendliness of BIM analysis software programs  0.909    
B16 High cost of BIM software licences  0.35    
B21 Lack of supporting LC analysis tools and software  0.672    
FC2 Attitude-related barriers  4.62  5.335 19.055 68.07 

B6 Societal reluctance to change from traditional values or 
culture 

 
0.849    

B11 Lack of awareness and collaboration among project 
stakeholders 

 
0.866    

B20 Lack of involvement and support of governments  0.418    
FC3 Education and knowledge related barriers  4.70  2.003 7.154 75.224 

B15 Lack of a well-established BIM, LC and LeanBIM 
workflows 

 
0.891    

B25 Difficulty in adapting to BIM technology and processes  0.852    
B26 Low level of research in industry and academia  0.734    

B28 Shortage of cross-field specialists in BIM, LC and 
LeanBIM 

 
0.76    

FC4 Legal barriers 4.52  1.343 4.798 80.022 

B2 Lack of legal framework, and contract uncertainties of 
BIM and LC 

 
0.649    

B7 Lack of insurance applicable to BIM, LC and LeanBIM 
adoption 

 
0.758    

B10 Immature dispute resolution mechanisms for BIM, LC and 
LeanBIM adoption 

 
0.897    

B19 Lack of mandatory BIM and LC industry standards and 
regulations by governments 

 
0.135    

B23 Intellectual properties rights, associated disputed and risk  0.848    

B27 Difficulty in allocating and sharing LC, BIM and LeanBIM 
risk 

 
0.919    

FC5 Project objectives related barriers  4.65  0.989 4.798 83.553 
B8 Lack of initiative and hesitance on future investments  0.859    
B9 Organisational challenges, project strategy, and policy  0.854    
B13 Negative attitude towards data sharing  0.913    

B24 Lack of senior management commitment and clients 
demand 

 
0.664    

FC6 Market-related barriers  4.56  0.652 2.329 85.882 

B4 Varied market readiness across organisations and 
geographic locations 

 
0.365    

B5 Resistance of industry to change from traditional working 
practices 

 
0.803    

B12 Fragmented nature of construction industry  0.679    
B17 Ambiguous economic benefits  0.66    
B18 High initial investment in staff training costs of BIM  0.758    
B22 High training and implementation cost and time of BIM  0.781    

 
 

7.6.5 Discussion of key factor clusters after factor analysis 

The factor clusters are analysed in Figure 7.7 and ranked in descending order 

of significance towards interpreting the individual factors linked to them. An 

identifiable and collective label is attached to each grouped factor of high correlation 
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coefficients, which are themselves a cluster of individual factors. The factor clusters 

are ranked using their factor scale rating. The factor scale rating is the ratio of the 

mean of individual factors within a cluster divided by the number of factors in the 

cluster. Discussion of the key factor clusters focuses on the most significant factor 

clusters. Also, one of the purposes of employing the factor scale rating analysis is to 

highlight more significant factor clusters with relatively higher rating values for 

further discussion. The factor clusters representing the relationship among the 

underlying factors are designated with identifiable and collective labels to aid their 

description (Thompson, 2004). A metric known as factor scale rating was employed 

to rank the factor clusters in descending order of relevance (Hair et al., 2010). The 

factor scale rating (Table 7.7) adds up the mean scores of each underlying factor of 

each cluster and divides the total mean score by the number of the underlying factor 

(Thompson, 2004).  
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Figure 7.7: Factor scale rating ranking for the factor clusters of barriers to 
integrate LeanIPD&GID on CMPs (Evans et al., 2021c) 

7.6.5.1 Education and knowledge-related barriers 

Factor cluster 3, this cluster consisting of four barriers to integrate 

LeanIPD&GID on CMPs (B15, B25, B26, and B28), is the highest-rated clustered 

factor with a factor scale rating of M = 4.70. The cluster is related to experience and 

knowledge of construction organisation staff, the steep learning curve, inadequate 

understanding of smart, sustainable practices processes, and the shortage of cross-

field specialists in smart, sustainable practices. While, Evans and Farrell (2020) rated 
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‘education, knowledge and learning’ class of barriers as the third class of significance 

after ‘legal’ and ‘technical and software financing.’ Gu and London (2010) observed 

through their study that little or no attention has been placed on the training of 

construction professionals to improve their understanding and skills in the adoption of 

new technologies. Hence, professional bodies and construction firms should 

collaborate to improve skillsets and capacity of their members and staff in smart, 

sustainable practices. Aibinu and Venkatesh (2014) noted that rapid technological 

change has reduced the ability of the workforce to adapt and that despite the benefits 

of these concepts, the current skills shortage in the industry has reduced the potential 

positive impact on construction processes. 

Factors in this cluster are related to insufficient experience and lack of 

knowledge on approaches of BIM and LC and IPD whereas a barrier factor relates to 

the lack of experience and specialism in software and technologies utilised in the 

simulation of LC parameters and creation of BIM models. Hence, there is a demand 

for corporate organisations and professionals to increase the aptitude, capability and 

quality of LC, BIM and IPD industry practitioners in the construction industry. Also, 

the establishment of capacity development and opportunity for skill programs, such as 

seminars, extensive training and workshops, where industry practitioners can share 

experience and information in these two initiatives to assist in the mitigation of 

obstacles. Moreover, government can support this initiative by training its staff in 

construction-related departments and parastatals as well as providing financial 

subsidies to private firms in the training of their workforce. 

7.6.5.2 Project objectives-related barriers 

Factor cluster 5, comprises of four barriers to integrate LeanIPD&GID on 

CMPs with a factor scale rating (B8, B9, B13, and B24) of M = 4.65. Project 
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objectives-related factors are related to construction firms’ hesitance to plan for future 

investments, challenges related to organisational policies and strategies, fragmented 

nature of the industry, and the difficulties in implementing BIM and LC in CMPs. The 

BIM concepts, LC and IPD principles, despite its revolutionary effects on the built 

environment still requires the integration of human efforts and strategies which when 

lacking, can amplify its non-implementation in construction projects. The lack of 

investment in most organisations, has affected their adoption of BIM, LC and IPD 

practices. Evans et al. (2020a, and 2020b) addressed the uncollaborative environment 

nature of the industry and ineffective organisation strategies that have hindered the 

implementation of these concepts. Olawumi et al. (2018) revealed the lack of 

investment in most organisations, which has affected adoption of smart, sustain-able 

practices. Antón and Díaz (2014) described the construction industry as a project-

based sector. The availability of BIM, LC and IPD related software and data is pivotal 

to the decision-making process of project stakeholders; while there is a need for the 

government and professional bodies to subsidise the cost of procuring related BIM, 

LC and IPD practices software to aid its adoption. Overall, the need for the 

development of sound and effective strategies by construction firms and stakeholders 

towards the adoption of smart, sustainable practices cannot be over emphasised 

7.6.5.3 Attitude-related barriers 

Factor cluster 2 comprises of three barriers to integrate LeanIPD&GID on 

CMPs with a factor scale rating (B6, B11, and B20) of M= 4.62. Attitude-related 

barriers are related to stakeholder attitude towards the adoption and integration of 

BIM, LC and IPD practices. The resistance to change of construction organisations 

and key stakeholders in the built environment is a key impediment to the 

implementation of innovative concepts such as BIM, LC and IPD in CMPs. This has 
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led to a disproportionate level of implementation and integration of BIM, LC and IPD 

practices in CMPs. Resistance to change has negatively impacted the skills, 

knowledge, and the experience of project stakeholders as regards BIM, LC and IPD 

practices and its adoption in built environment. Hence, for the built environment to 

experience a full implementation of these concepts in CMPs, a significant change in 

stakeholders’ attitude and perception is needed to increase the uptake of BIM, LC and 

IPD practices. Despite numerous advantages of implementing BIM and adopting LC 

in the built environment, there has been too little development in its implementation 

in the MENA region. It is essential to bear in mind that a lack of senior management 

and client commitment and the perpetual barrier of resistance to change still plays an 

important role in hindering the integration of BIM, LC and IPD initiatives. Therefore, 

this research recommends that construction key stakeholders such as senior 

management, clients, main contractors, and engineering firms diminish their 

resistance and adopt dynamic and positive attitudes to change in the construction 

industry. Owners, clients, and real-estate developers of CMPs are advised to be 

proactive in adopting BIM and LC approaches in their projects to improve LeanBIM 

synergy and to integrate LeanBIM with IPD towards GID. 

7.7 Conclusion 

The AEC industry encounters substantial risk and challenges in its evolution 

towards sustainable development. International businesses, multinational AEC 

organisations, technical professional, architecture, engineering, construction, project 

and portfolio management organisations face global connectivity challenges between 

business units, especially during the COVID-19 pandemic, to manage CMPs.  That 

raises the need to manage global connectivity as a main strategic goal of global 

organisations. This research investigates barriers to integrating LC practices and IPD 
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on CMPs towards the GID transformative initiatives and corporate governance in 

contemporary multinational AEC organisations. Although BIM, LC and IPD 

principles are being increasingly adopted in the USA and other parts of the world, 

integration of LeanIPD&GID on CMPs in the MENA region has not begun. Despite 

the numerous advantages that integration of BIM, LC, LeanBIM, IPD, LeanIPD and 

LeanIPD&GID provides, no sign of its implementation nor integration can be 

identified in the MENA region. Moreover, no extensive research has been completed 

in this region. A total of twenty-eight barriers to integrate LeanIPD&GID on CMPs 

were identified via a desktop literature review and factors outlined in a questionnaire 

which was ranked by 230 respondents from 23 countries who have direct and 

extensive experience in the construction industry. The survey participants came from 

diverse professional disciplines and organisational backgrounds, which lends 

credence to the data collected. The study conducted a comparative assessment of 

perceptions of study participants based on their organisational backgrounds towards 

establishing patterns of difference. 

 This research introduced GID as transformative initiatives and corporate 

governance in contemporary organisations and FOW global initiatives. The research 

defined, redefined and conceptualised concepts have been introduced in this research 

from an integrative perspective, such as GID, IPD, LC practices, BIM, LeanBIM, 

LeanIPD, LeanIPD&GID, governance of portfolio, programs, projects, CMPs and 

stakeholders. The most significant barriers to integrate LeanIPD&GID on CMPs were 

‘lack of mandatory BIM and LC industry standards and regulations by governments,’ 

‘lack of involvement and support of governments,’ ‘high costs of BIM software 

licences,’ ‘resistance of industry to change from traditional working practices,’ and 

‘high initial investment in staff training costs of BIM.’ While least significant critical 
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barriers were ‘varied market readiness across organisations and geographic locations,’ 

‘increased workload for model development,’ ‘lack of insurance applicable to BIM, 

LC and LeanBIM adoption,’ ‘societal reluctance to change from traditional values or 

cultures,’ and ‘immature dispute resolution mechanisms for BIM, LC and LeanBIM 

adoption.’ Research then clustered barriers to integrate LeanIPD&GID on CMPs to 

six-factor clusters. PCA concluded that the most significant factor clusters were 

education and knowledge-related barriers, project objectives-related barriers, and 

attitude-related barriers. 

A profound research finding is that awareness of BIM in the MENA region is 

higher than LC, and LC awareness is higher than IPD knowledge. BIM adoption in 

the MENA region is higher than LC, while LC is still taking its first steps.  IPD is 

only slightly implemented in the MENA region. LeanBIM is slightly integrated, while 

LeanIPD integration is almost not present. The research concludes that some 

international AEC organisations working on megaproject are partially implementing 

GID through coordination with different branches to create BIM models and 

discipline designs such as architecture, structural and MEP designs, and taking 

advantages of the cost savings and improve project financials combining scalable 

costs and time zone benefits. International AEC organisations carry out design in 

various branches in the MENA to distribute work and financial advantages. 

International AEC organisations use branches in Australia, India, the Philippines and 

the GCC regions. Another profound research finding is that for a decade, some giant 

local AEC organisations have started to create branches overseas for mainly 

AutoCAD® drafting and later BIM production in the Philippines, Egypt, and 

extended locations in the GCC. The research revealed that attempts to take advantage 

of GID are still at early stages of development and focus on cost saving in BIM and 
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production only, but do not yet reach implementation, nor integration between the 

three principles BIM, LC, LeanBIM, IPD, and LeanIPD on CMPs. 

7.8 Recommendations 

Accordingly, the research comes to the following recommendations to 

industry key stakeholders, clients, governments, and key decision-makers to tackle 

barriers to integrate LeanIPD&GID on CMPs:  

1) Governments to provide and issue incentives, policies, regulations or legal 

frameworks to encourage the AEC industry to adopt and integrate BIM, LC, 

IPD towards LeanIPD&GID; 

2) Governments raise client awareness of benefits and strategies to integrate 

LeanIPD towards GID amongst key stakeholders;  

3) Governments and institutions to raise awareness to organisation’s senior 

management and clients about commitment to an IPD, LeanIPD, approaches 

and GID, LeanIPD&GID initiatives; 

4) Governments and key industry stakeholders to raise construction industry 

awareness about the advantages of the integration of LeanIPD&GID to 

minimise the resistance of industry to change from traditional procurement to 

LeanIPD&GID; 

5) Governments to adopt integration of LeanIPD&GID on CMPs and adopt pilot 

projects in each country to provide successful examples of the benefits gained 

through adoption of LeanIPD;  

6) Governments to provide training programmes, technologies, infrastructure, 

and resources to enhance the technical skills of architects, design and 

construction managers for managing challenges of integrating LeanIPD&GID 

on CMPs. 
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The research identified the current underlying gap of literature of the 

integrative nature of adoption of BIM, LC and IPD concepts and integration of 

LeanBIM, LeanIPD on CMPs. This research introduced GID as transformative 

initiatives and corporate governance and FOW global initiatives in contemporary 

organisations and investigated integration between LeanIPD on CMPs towards GID 

transformative initiatives in contemporary multinational AEC organisations. More 

research in this domain is still required, and frameworks for managing barriers to 

integrating LeanIPD&GID on CMPs is essential to create systems in which 

continuous improvement can be achieved in a well organised and efficient way, and 

conceptual combination developed to promote performance improvements. The 

research addresses barriers to integrate LeanIPD&GID on CMPs in the MENA region 

as one area and focused on a comparison between inter groups of contractual parties, 

i.e., consultants, contractors, clients, and academics. Academics may carry out studies 

and divide the MENA region to more manageable divisions such as country by 

country, or to GCC countries, Egypt, and North Africa, or carrying out comparative 

studies of challenges integration of LeanIPD&GID on CMPs in GCC and Egypt.  

The GID transformative initiatives and FOW global initiatives are essential 

elements of the LeanIPD&GID concept. Egypt should be at the heart of GID 

strategies of international AEC organisations. The construction industry in Egypt has 

had long periods of growth due to stability, development, comprehensive renaissance, 

safety and security. Egypt is characterised by a talented experience in many industries 

and trades and has potential for stable investments. Considering GID transformation, 

due to its strategic geographic location, availability of talents and resources, 

especially AEC engineering, and an good record of achievement in CMPs staring 

from the Pyramids of Giza and the giant and impressive temples of  Medinet Habu, 
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Kom Ombo, Philae, Edfu, Seti I, Hatshepsut, Luxor Abu Simble, Karnak to the 

contemporary CMPs of the Suez Canal expansion, Dabaa Nuclear Power Plant, 

Bernice Military Base, Concentrated Solar Power plants, and many other 

megaprojects. For the reasons mentioned above, this research recommends that Egypt 

is placed at the heart of the GID transformative initiatives and corporate governance. 

7.9 Originality/value 

The research findings, conclusion and recommendation and proposed GID 

strategy placements transformative initiatives and corporate governance to integrating 

LeanIPD&GID. This will allow project key stakeholders to place emphasis on 

tackling LeanIPD&GID barriers identified in this research and commence GID 

strategies. The study has provided effective practical strategies for enhancing 

integration of LeanIPD&GID transformative initiatives and corporate governance. 

7.10 Chapter summary 

The current presents a comprehensive review and critically apprises barriers to 

integrating LC and IPD towards the GID global initiatives on CMPs. The following 

chapter introduces competency framework to integrate lean construction and 

integrated project delivery on construction megaprojects, towards a future of work 

global initiatives in multinational engineering organisations. 
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8. CHAPTER 8: COMPETENCY FRAMEWORK TO 

INTEGRATE LEAN CONSTRUCTION AND INTEGRATED 

PROJECT DELIVERY ON CONSTRUCTION 

MEGAPROJECTS; TOWARDS A FUTURE OF WORK 

GLOBAL INITIATIVES IN MULTINATIONAL 

ENGINEERING ORGANISATIONS8 

 
8.1 Chapter Overview 

Built environment organisations face global challenges between business 

units, especially since the coronavirus pandemic (COVID-19) has profoundly 

disrupted the construction industry worldwide, including the management of 

construction megaprojects (CMPs). The research aim is to develop a competency 

framework, for global integrated delivery (GID) transformative initiatives and 

corporate governance and future of work (FOW) global initiatives, to manage 

integration between lean construction (LC) practices and integrated project delivery 

(IPD) on construction megaprojects (CMPs) in contemporary multinational 

engineering organisations. ‘Mixed research methods’ involves a two-stage 

quantitative and qualitative research approach. In the context of CMPs, stage one 

consisted of a qualitative research methodology comprising a literature review to 

examine competencies, COVID-19 impacts, responses and key drivers (KDs) to 

integrating LeanIPD&GID; stage one outcomes propose a conceptualisation of 

 
8 This chapter is derived and edited from: 

Evans, M., Farrell, P., Elbeltagi, E. and Dion, H., 2021d. Competency framework to 
integrate lean construction and integrated project delivery on construction 
megaprojects: towards a future of work global initiatives in multinational 
engineering organisations. Benchmarking: An International Journal, Vol. 29 
No. 6, pp. 1913-1956. https://doi.org/10.1108/BIJ-02-2021-0066 

https://doi.org/10.1108/BIJ-02-2021-0066
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LeanIPD&GID, a competency framework and FOW global initiatives. Stage two 

involved an empirical questionnaire survey for a set of 30 KDs arranged into five 

factor clusters (FCs), 226 respondents from 23 countries with an extensive 

cosmopolitan experience; analysis adopted structural equation modelling (SEM), 

descriptive and inferential statistics, percentage scoring analysis, principal component 

analysis (PCA) and Eigenvalues. In the context of CMPs, stage one outcomes 

delivered a conceptualisation of LeanIPD&GID, a proposed competency framework 

and FOW global initiatives. Stage two concluded that the most significant KDs are 

‘collaboration in design, construction works and engineering management,’ 

‘coordination and planning of construction work,’ ‘senior organisational management 

support,’ ‘boosting implementation of LC, and integrating project delivery’, and 

‘earlier and precise 3D visualisation of designs.’ BIM adoption in the MENA region 

is higher than LC; the second is still taking its first steps, while IPD has little 

implementation. LeanBIM is slightly integrated, while LeanIPD integration is almost 

not present. The research findings, conceptualised LeanIPD&GID principles, a 

proposed competency framework and FOW global initiatives, provided future 

research streams and directions; the study has provided a competency framework and 

FOW global initiatives for effective practical strategies for enhancing integration of 

LeanIPD&GID transformative initiatives and corporate governance and will allow 

project key stakeholders to place emphasis on boosting LeanIPD&GID key drivers 

(KDs). 

8.2 Introduction 

The built environment encounters substantial risk and challenges in its 

evolution towards sustainable development (Evans and Farrell, 2021). International 

businesses, multinational architecture, engineering, and construction (AEC) 
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organisations (including enterprises and corporations), technical professional, 

architecture, engineering, construction, project and portfolio management 

organisations face global connectivity challenges between business units, especially 

during the outbreak of the novel coronavirus pandemic 2019 (COVID-19). This 

pandemic has profoundly disrupted the construction industry throughout the world 

and made in infinitely more difficult to manage construction megaprojects (CMPs). 

COVID-19 was first reported in the Chinese city of Wuhan in December 2019 and 

was recognised by China as a new virus in the third week of January 2020. The World 

Health Organization (WHO) initially described it as a Public Health Emergency of 

International Concern (PHEIC) at the end of January, and finally recognised it as a 

pandemic on March 11, 2020 (WHO, 2020). Factors have made COVID-19 the worst 

pandemic in recent history are rapid spread; heightened vulnerability among aged and 

low immune people; and differential recovery rates in different countries and age 

groups (Izumi et al., 2020). Engineering industry risk and challenges along with the 

disruptive health crisis of COVID-19 raises the need to manage global connectivity as 

a main strategic goal of global organisations. 

The pandemic caused by the newest strain of COVID-19 has sent global 

economies into a tailspin; there are numerous uncertainties due to measures taken to 

slow the spread of COVID-19 or to flatten the curve, and many challenges were 

experienced particularly on CMPs (Evans et al. 2021b). Most federal, state, and local 

governments worldwide have requested minimising gatherings and have encouraged 

telecommuting; this was not totally feasible on CMPs. COVID-19 is causing 

unprecedented changes and responses to business, economic, and social aspects, 

resulting in a sense of normality after the pandemic, referred to as the new normal. 

The construction industry is one of the largest international industries and has 
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arguably been hit the hardest by the pandemic. Therefore, it is prudent to provide 

insights into how the pandemic might affect the different market conditions and 

aspects of the construction industry. However, the effects of COVID-19 on the 

construction sector vary from region to region; this makes tracking the impacts of the 

pandemic on CMPs a problematic task. Furthermore, uncertainties related to the 

severity and duration of the crisis make it hard to forecast how a recovery could 

unfold for the construction industry. Therefore, AEC organisations constantly are 

looking for best practices that they can implement to ensure a smooth and better 

recovery from the pandemic. 

Organisations in the construction industry need new professionals who possess 

a combination of knowledge, skills, and attributes (KSAs) that will contribute to 

company success in a rapidly dynamic built environment. Desired KSAs include 

technical and professional competencies traditionally framed as hard versus soft skills 

(Ahmed et al., 2014). Researchers have examined a variety of professional 

competencies to gain a greater understanding of the barriers that inhibit the integration 

of professional competencies into technically focused curricula (Itani and Srour, 

2016). Leadership has been identified as a key element for meeting the needs of the 

construction industry (Simmons et al., 2020). Despite attempts to examine 

competency in the built environment; limited studies have examined competencies 

needed for effective job performance on CMPs in contemporary multinational 

engineering organisations. 

8.2.1 Research objectives 

A plethora of published literature have provided holistic reviews and 

undertook empirical studies to discuss and show the different application and use of 

building information modelling (BIM) and lean construction (LC) to improve the 
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construction industry (Evans and Farrell, 2020). However, limited studies have 

examined competencies, COVID-19 impacts and responses, KDs to global integrated 

delivery (GID), integration between LC and IPD, and integration between LeanIPD 

and GID, as LeanIPD&GID, on CMPs (Evans and Farrell, 2020; Evans et al., 2021c, 

Evans et al., 2021a). Much criticism has been raised about the separate 

implementation of either BIM or LC practices in the built environment (Olawumi and 

Chan, 2019b) due to difficulties and more problems caused by its adoption. Despite 

the obvious benefits of adopting the IPD approach in the USA and many countries 

worldwide, its implementation in the Middle East and North Africa (MENA) region 

faces a number of challenges which limit its adoption on megaprojects (Evans and 

Farrell, 2021; Rached et al., 2014). The current construction literature associated with 

the integration of IPD, LC and or BIM is limited, and existing studies mostly focus on 

qualitative approaches. There is too little research that investigates KDs to integrate 

LC practices and IPD principles on CMPs, LeanIPD, towards the GID transformative 

initiatives and corporate governance in contemporary multinational organisations, or 

LeanIPD&GID. 

The uncertainties related to the coronavirus crisis's severity and duration make 

it hard to forecast how a recovery could unfold for the construction industry. 

Therefore, AEC organisations are constantly looking for best practices they can 

implement to ensure a smooth and better recovery from the pandemic. For all the 

reasons mentioned above, this research is found to deliver the fundamental link to 

bridge the gap and to investigate the interrelated aspects of COVID-19 and CMPs, 

and drivers to integrate lean construction and integrated project delivery on CMPs to 

offer the industry and academia with research guidelines, a competency framework 

and future of work (FOW) global initiatives. In the context of CMPs in contemporary 
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multinational architecture, engineering and construction organisations, the research 

objectives are: - 

RO1: To build a comprehensive background through reviewing the 

nature of the construction industry, BIM, LC, IPD, LeanBIM, LeanIPD, 

LeanIPD&GID, competency behaviours, and FOW transformative initiatives; 

RO2: To conceptualise LeanIPD&GID and develop a competency 

framework, LeanIPD&GID transformative initiatives, FOW transformative 

initiatives; 

RO3: To identify and assess KDs of LeanIPD&GID, and examine the 

perception of AEC industry professionals and academics towards the KDs of 

integrating LeanIPD and LeanIPD&GID;  

RO4: To establish the significance of KDs of LeanIPD&GID and the 

relative weight and significance of FCs associated with LeanIPD integration – 

including LeanBIM. 

The chapter is organised into eight sections. Section  8.2 introduces the topic. 

Section 2 is a literature review. Section 8.3 describes the research methodology. 

Section 8.4 proposes the competency framework. Section 8.5 introduces FOW global 

initiatives. Section 8.6 provides the research analysis, findings, and discussion of 

results. Section 8.7 presents the conclusions. Finally, Section 8.8 is recommendations. 

8.3 Literature review 

A number of recent research studies have discussed the use of BIM, LC, and 

IPD in the construction industry while there is little work focusing on investigating 

their integration towards GID at organisational level. In this section, the definition of 

each component of BIM, LC, and IPD as described in the construction literature is 

provided and then recent research concentrating on the use of all three components in 
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projects is discussed. Research also will define, redefine, and conceptualise 

integration principles of BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. 

Please refer to Figure 1.1.  

8.3.1 Global integrated delivery 

The ‘globally integrated enterprise’ (GIE) business model emerged from 

massive socioeconomic changes that were occurring throughout the world in the 

1990s. A key factor was the emergence of the Internet. There are some earlier 

contributions in the GIE intuitive by Palmisano (2006), IBM (2006), and the Lisbon 

Council (2007). Maerki (2008) introduced IBM’s business model and strategy by 

explaining how the enterprise transformed from an international corporation model of 

the nineteenth century, to the multinational corporation model of the twentieth 

century. This was a response to globalisation, its subsequent impact of governance 

and technological advances in the nineteenth century. Lubowe et al. (2009) discussed 

comprehensive strategies for globally integrated operations. Bramante et al. (2010) 

discussed IBM’s case-study in transforming to GIE between 2000 and 2010. 

8.3.2 Integrated project delivery  

The American Institute of Architects and AIA California Council (AIA/AIA 

CC) (2007) defines IPD as “a project delivery approach that integrates people, 

systems, business structures and practices into a process that collaboratively harnesses 

talents and insights of all participants to optimise project results, increase value to 

owners, reduce waste, and maximise efficiency through all phases of design, 

fabrication, and construction.” Figure 1.2 shows the relationship among BIM, LC and 

IPD principles and GID transformative initiatives and corporate governance. 

 
The principles of IPD, as its name suggests, is integration or collaboration 

between the different participants involved in projects. For efficient collaboration to 
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take place, project delivery systems must encompass several core features, including: 

(1) early collaboration during design, (2) alignment of interests and objectives among 

project parties in line with overall project objectives (AIA/AIA CC, 2007), (3) trust 

and respect between parties and a ‘no-blame’ culture within projects (Evans et al., 

2020b), (4) high levels of teamwork, communication and collaboration (Evans et al., 

2020a), (5) processes and tools that encourage cooperation, for example, BIM (Evans 

et al., 2021b), (6) pain-share/gain-share agreements (Evans et al., 2020b), (7) high 

levels of teamwork, communication and collaboration (AIA/AIA CC, 2007), and (8) 

the employment of collaborative planning systems, such as ‘last planner systems’ 

(LPSs) for production planning and control (Ballard, 2000). 

8.3.3 Lean construction 

In the 1990s, recognised as an outcome of the Toyota production system 

(TPS), lean manufacturing (or lean production) was established and implemented with 

significant achievements, and this led to the original uses of lean thinking in the 

construction industry (Ballard and Howell,1998; Koskela, 2000; Koskela, et al. 2002). 

Liker (2004) described principles and behaviours that underlie the operational 

philosophy of the Toyota Motor Corporation. Since lean principles originally 

appeared as philosophies, it can be defined in many different ways in accordance with 

the purpose of the users (Forbes and Ahmed, 2010; Koskela et al., 2019). Lean in 

construction is described as a method to design construction systems to lessen waste 

of time, materials, and effort in the interest of maximising possible project value 

(Sacks, 2013; Howell, and Koskela, 2000). 
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8.3.4 Building information modelling  

Building information modelling (BIM) is defined as a digital representation of 

a facility illustrating accurate geometry and pertinent data used for supporting design, 

procurement, fabrication, and construction of projects (Sacks et al., 2018). Building 

information models also encompass exchangeable data or files used to assist 

communication and decision-making processes (Evans et al., 2021c; Evans et al., 

2021b; Sacks et al., 2018; Evans and Farrell, 2020). 

8.3.5 Competencies and skills in construction industry 

Researchers have surveyed different groups of construction industry 

professionals in the US to identify which knowledge, skills, and attributes (KSAs) are 

desired in construction industry. Ahn et al. (2012) identified 14 key competencies for 

construction professionals that were then explored in a survey of construction 

company recruiters in the USA. Survey results were used to define four categories of 

desired competencies (general, affective, cognitive, and technical competencies) and 

revealed that ethical issues, problem-solving skills, and interpersonal skills were the 

top three competencies that companies looked for when recruiting new people. 

Bhattacharjee et al. (2013) also surveyed USA construction industry KSAs from two 

categories of competencies: construction knowledge and interpersonal skills. Finally, 

Ahmed et al. (2014) surveyed architecture, engineering, and construction 

professionals in South Florida about their perceptions of the KSAs construction 

management graduates should have. The survey asked about 93 competencies that 

included personal attributes, professional attributes, technical skills, managerial skills, 

industry and business skills, people skills, and legal and contractual skills. Table 8.1 

lists significant key competencies identified in existing literature in the construction 

industry.  
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Table 8.1: Significant key competencies in the construction industry (existing 
literature) (Evans et al., 2021d) 

Reference Focus Significant competencies 

Simmons et al. 
(2020) 

CM Communication skills, ethics/responsibility, professionalism, critical 
thinking/problem solving, big picture thinking, ambition/drive, self-
awareness, humility, teamwork/collaboration/networking, people focus, time 
management, management, adaptability, quality control, computer skills, 
safety and risk management, assertiveness, legal knowledge, and economic 
principles/trends 

Zheng et al. (2020) CM Experience and certifications, professional and technical capabilities, 
construction site management, project objectives monitoring, project team 
management, coordination and communication, external stakeholder 
management, and organisational management capabilities 

Wiezel and Badger 
(2015) 

CM multidisciplinary technical experience, practical understanding of 
technology, possess keen, business insight, understands project management, 
build knowledge networks, monitor risk continually, communicate 
effectively, display emotional maturity, make complex decisions, leverage 
diverse thinking, build relationships, engage teams, mentor people, and build 
trust 

Gao and Eldin 
(2014) 

C Teamwork, communication skills, college degree and computer skills 

Ahmed et al. (2014) CM Knowledge of health and safety regulations, interpreting contract documents, 
listening ability, giving attention to details, knowledge of building codes and 
regulations, and time management 

Bhattacharjee et al. 
(2013) 

C Interpersonal skills, trust and honesty, problem solving, teaming, critical 
thinking, adaptable to changing environment, construction knowledge, ability 
to interpret construction documents, quantity take-off, occupational safety 
and health administration (OSHA) regulations knowledge, identification of 
project activities and their relationships, and quality control 

Ahn et al. (2012) C Ethical issues, problem-solving skills, interpersonal skills, leadership, 
adaptability, collaborative skills, and safety issues 

Dainty et al. (2005) CM Achievement orientation, initiative, information seeking, focus on client’s 
needs, impact and influence, directiveness, directiveness, team leadership, 
analytical thinking, conceptual thinking, self-control, and flexibility 

Notes: CM= construction management, C= construction 

8.3.6 Construction industry and coronaviruses pandemic 

Hansen (2020) investigated whether the COVID-19 outbreak constitutes a 

force majeure event by studying three international standard contract forms: 

International Federation of Consulting Engineers (FIDIC), The New Engineering 

Contract (NEC), and Joint Contracts Tribunal (JCT), and highlighted importance of a 

comprehensive and well-drafted force-majeure clause. Parr et al. (2020) studied the 

traffic impacts of the COVID-19 pandemic on human behaviour by focusing on the 

overall state-wide traffic volume in Florida to identify spatial and temporal changes 

resulting from the coronavirus. Harinarain (2020) explored the perceptions of 

stakeholders in the South African construction industry during the nationwide 



 

281  

COVID-19 lockdown. Wang et al. (2021) studied impact of COVID-19 on 

organisational behaviour in emergency CMPs. Pirzadeh and Lingard (2021) examined 

health and well-being of project-based construction works due to COVID-19 in 

Australia. Assaad and El-adaway (2021) studied impacts of COVID-19 on 

construction industry in the USA, that included four main impacts (1) workforce-

related issues; (2) project and workplace considerations; (3) procurement and supply 

chain implications; and (4) contractual, legal, and insurance aspects. Table 8.2 

summarises the studies that investigated COVID-19 by detailing their research 

objective, industry and/or region of interest, research method(s), and main findings.  



 

282  

Table 8.2: Summary of existing literature on construction industry and coronavirus 
(Evans et al., 2021d) 

Reference Research objective 
Industry 
and/or 
region 

Research 
method(s) Findings 

Wang et 
al. (2021) 

Study impact of 
COVID-19 on 
organisational 
behaviour 

CMPs/China Case study Positive impact of COVID-19 on 
emergency megaprojects behaviour 

Pirzadeh 
and 
Lingard 
(2021) 

Examined health and 
well-being of project-
based construction 
works 

Construction 
industry 
Australia 

Quantitative 
analysis 
through sample 

Positive and significant relationship 
between work–life satisfaction and 
mental well-being and recommended 
work-family balance 

Assaad 
and El-
adaway 
(2021) 

Studied the impact of 
COVID-19 on 
construction industry  

Construction 
industry in the 
USA 

Mixed 
methodology 

Developed resource of COVID-19–
related best practices for the construction 
industry, the perceived short- and long-
term impacts, and future research 
directions 

Parr et al. 
(2020) 

Examine the drastic 
changes in human 
travel behaviour 

Transportatio
n/highway 
sector, Florida 
(USA) 

Analysis of 
highway data 
for same-day 
traffic volumes 
across Florida 

Overall statewide traffic volume 
decreased by 47.5%, and differences 
were present between rural and urban 
areas and between highways and arterials 
in terms of timing and extent 

Hendricks
on and 
Rilett 
(2020) 

Describe COVID-19’s 
role and impacts on 
transportation 
engineering 

Transportatio
n sector 

Literature 
review 

The COVID-19 pandemic has 
dramatically illustrated the need for 
preparation for future disruptions to the 
transportation sector 

Hansen 
(2020) 

Explore the potential 
of the COVID-19 
outbreak as a force 
majeure event in 
contracts 

International 
construction 
industry 

Qualitative 
approach 

The effects of the COVID-19 pandemic 
have highlighted the importance of a 
comprehensive and well-drafted force 
majeure clause 

 

8.3.7 Crisis management and leadership during COVID-19 

Crises are unstructured events that occur outside organisational leaders’ 

typical range of operations. Lack of leadership during crises can make matters worse 

and the impact of a crisis unmanageable (Sadiq et al., 2020). The COVID-19 

pandemic has disrupted the jobs of workers, as projects or contracted jobs are put on 

hold; many jobs have been lost (Lee, 2021). In the interconnected world, the 

pandemic has not only affected lives but also had a strong impact on various sectors 

such as health care, medicine, education, transportation, architecture, engineering and 

construction. In response to this crisis, organisations are thrust into making changes to 

workplace practices such as implementing work from home (WFH) arrangements, 

taking measures to adopt social distancing, recording daily temperature readings of 

employees and reporting of overseas travel activity amongst other human resources 
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practices. Some offices assigned different teams to work in the office based on 

rostered schedules (Izumi et al., 2020; Lee, 2021, Webb et al., 2021). Governments 

enforced COVID-19 mitigation measures such as closing down some sectors of their 

economies, mandating physical distancing, issuing stay-at-home orders, mandating 

wearing face coverings in public and issuing states of emergency. Lee (2021) 

investigated the psychological safety, organisation support and emotion in the 

workplace during the transition from office to home working during the COVID-19 

pandemic crisis; the study reveals the phenomenon of emotion triggered by social 

comparison emotion and critical socio-emotional resources (i.e., task, flexibility, 

communication, health and safety and social support) during a health crisis. 

Specifically, employees’ emotional reactions were elicited from perceived 

organisational support, and in how organisations care for their well-being and work 

contributions and, in turn, influence psychological safety. 

8.3.8 Key drivers to integrate LeanIPD&GID on CMPs 

There has been a surge in recent years in the use of variants of BIM in 

construction processes and previous studies such as Evans and Farrell (2020), Evans 

et al. (2020b, 2020c), Olawumi and Chan (2019b) and Zhang et al. (2018) stressed the 

need to integrate BIM with LC practice to achieve LeanBIM synergy towards 

LeanIPD. However, as is often the case when new techniques and concepts are 

introduced into the construction industry, the implementation of LC practices faced 

setbacks and challenges (Evans and Farrell, 2020). BIM has transformed 

infrastructure and building development within the AEC industry over recent decades 

(Sacks et al., 2018; Cao et al., 2015; Tsai et al., 2014). Despite the importance of BIM 

and LC for the construction industry there is currently very limited comprehensive 

research investigating the KDs to integrate BIM and LC practices. Megaprojects are 
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commonly associated with cost overruns and time delays. CMPs can be defined as 

“large-scale, complex, ventures with typically a USD value of 1 billion or more, 

involving multiple public and private stakeholders” (Flyvbjerg, 2014). 

Evans and Farrell (2020) applied a Delphi study to investigate critical barrier 

factors (CBFs) encountered by key construction stakeholders in their efforts to 

integrate BIM and LC on CMPs. The research concluded that the most significant 

barriers to integrate LeanBIM are: ‘lack of mandatory BIM and LC industry standards 

and regulations by governments,’ ‘lack of involvement and support of governments,’ 

‘resistance of industry to change from traditional working practices,’ ‘high cost of 

BIM software licences’, and ‘high initial investment in staff training costs of BIM.’ 

Evans et al. (2021c) applied a Delphi survey to investigate the critical success factors 

(CSFs) that enhance integration between BIM and LC practices on CMPs and 

concluded that the five significant BIM CSFs that boost LeanBIM synergy were 

‘collaboration in design, construction works, and engineering management,’ ‘senior 

organisational management support,’ ‘coordination and planning of construction 

work,’ ‘earlier and precise 3D visualisation of design,’ and ‘boosting implementation 

of LC and integrating project delivery.’ Evans et al. (2020d) introduced frameworks 

for interactions between BIM and LC on CMPs, detailing a comprehensive analysis of 

existing literature. This research included a conceptual analysis of interactions 

between BIM and LC on CMPs and yielded ten-LC principles and ten-BIM 

functionalities that are necessary for their integration. Frameworks of interaction 

between BIM and LC was then compiled. 

Table 8.3 is a compilation of 30 KDs to integrate LC principles and BIM tools 

towards LeanIPD on CMPs that is cross-referenced against existing literature. In order 

to apply BIM effectively, practitioners and researchers need to recognise KDs of 
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LeanIPD, and accordingly take actions to confirm constructive application of these 

significant domains. There is an essential need to conduct critical analysis to 

reconfigure KDs for improving LeanIPD application from early design stages to 

construction and over the entire project lifecycle. This research seeks the opinion of 

an expert panel to rank, analyse and prioritise the barriers recognised in extant 

literature, to aid key stakeholders and decision-makers in construction industry, and to 

emphasise the most significant challenges hindering the efficient adoption of LeanIPD 

on CMPs.  
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Table 8.3: Key drivers (KDs) to integrate LeanIPD&GID on CMPs (Evans et al., 
2021d) 

 
Code KDs to integrate LeanIPD&GID Reference source 

KD1 Integrating project documentation/bid preparation 24, 25 and 14 
KD2 Adequate cost allocation to BIM 24, 14 and 32 
KD3 Clash detection, integrating, coordinating, and validating designs 28 and 32 
KD4 Predictive analysis of performance (thermal, energy, i.e., CO2) 4, 24, 32 and 34 
KD5 Improving site layout and site safety 1, 24 and 11 
KD6 Reducing construction project costs 2, 15 and 35 
KD7 Reducing construction project duration 25, 7 and 24 
KD8 Cooperation of simultaneous access of construction works 15, 24 and 13 
KD9 Extracting cost estimation and quantity take off 4, 24 and 21 
KD10 Coordination and planning of construction works 2, 6 and 23 
KD11 BIM training 15, 24 and 5 
KD12 Improving quality and construction project performance 25 and 29 
KD13 Enhancing exchange of information and knowledge management 2, 26 and 19 
KD14 Development of legal frameworks for BIM 1, 2, 24 and 14 
KD15 Reduced risk of claims or litigations 26, 8 and 27 
KD16 Organisational senior management support 1, 24 and 20 
KD17 Improving facilities management i.e., operations and maintenance 24 and 18  
KD18 Earlier and precise 3D visualisation of designs 26 and 17 
KD19 Collaboration in designs, construction works and engineering management 24 5 and 15 
KD20 Boosting implementation of LC, and IPD 2, 24 and 14 
KD21 Elaborating BIM models for offsite prefabrication and shop drawings 29 and 17 
KD22 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 3, 26 and 19 
KD23 Accuracy and reliability of documents and data 4, 27 and 9 
KD24 MEP simulation and analysis (HVAC) 1, 24, 5 and 21 
KD25 Ensuring effective communication among project participants 26, 18 and 37 
KD26 Structural analysis and design 24, 7 and 16 
KD27 Acoustic (sound) simulation and analysis 25, 8 and 22 
KD28 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 27, 10 and 28 
KD29 Predicting, simulating, and analysing environmental conditions (airflow, weather) 4, 24, 12 and 33 
KD30 Establishing BIM and LC standards, codes, rules and regulations 27, 30 and 31 
 
Notes: 1= Abanda et al. (2015); 2= Akinade et al. (2018); 3= Alreshidi et al. (2016); 4=  Antwi-Afari (2018); 5= Azhar et 
al. (2015); 6= Bradley et al. (2016); 7= Bui et al. (2016); 8= Cao et al. (2015); 9= Carvajal-Arango et al. (2019); 10= Chan 
et al. (2019); 11= Chen et al. (2015); 12= Dave et al. (2013); 13= Ding et al. (2015 ; 14= Sacks et al. (2018); 15= Elhendawi 
et al. (2019); 16= Gbadamosi et al. (2019) ; 17= Ghaffarianhoseini et al. (2017); 18= Giel and Issa (2016); 19= Hamzeh et 
al. (2016); 20= Jin et al. (2017); 21= Li et al. (2020); 22= Evans et al. (2020b); 23= Ma et al. (2018); 24= Olawumi et al. 
(2018a); 25= Olawumi et al. (2019a); 26= Olawumi et al. (2019b); 27= Olawumi et al. (2017); 28= Olawumi et al. (2018b); 
29= Ozorhon and Karahan (2016); 30= Sacks et al. (2010); 31= Sacks et al. (2009); 32= Saieg et al. (2018); 33= Solaimani 
et al. (2019); 34= Tan et al. (2019); 35= Tsai et al. (2014); 36= Zahoor et al. (2017); 37= Zhang et al. (2018) 

 

This research validates KDs to integrate LeanIPD&GID with industry experts, 

and then arranged barriers into clustered factors. Semi-structured face-to-face 

interviews via a video conference communications approach and focus group 

technique was adopted to validate barriers of integrating LeanIPD&GID with a 

heterogenous cluster consisting of nine construction experts from various disciplines 

in the AEC industry. Table 8.4 illustrates categories of KDs to integrate LC principles 

and BIM tools towards LeanIPD on CMPs; these factors are categorised into five-
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FCs: FC1, attitude-related factors; FC2, technical-related factors; FC3, education and 

knowledge related factors; FC4, processes and regulations factors; and FC5, project 

objectives related factors. 

Table 8.4: FCs structure for KDs to integrate LeanIPD&GID on CMPs (Evans et 
al., 2021d) 

 
Code FCs structure for KDs to integrate LeanIPD&GID 

FC1 Attitude-related factors 
KD19 Collaboration in designs, construction works and engineering management 
KD25 Ensuring effective communication among project participants 
FC2 Technical-related factors 
KD3 Clash detection, integrating, coordinating, and validating designs 
KD4 Predictive analysis of performance (thermal, energy, i.e., CO2) 
KD5 Improving site layout and site safety 
KD8 Cooperation of simultaneous access of construction works 
KD9 Extracting cost estimation and quantity take-off 
KD10 Coordination and planning of construction works 
KD13 Enhancing exchange of information and knowledge management 
KD17 Improving facilities management i.e., operations and maintenance 
KD18 Earlier and precise 3D visualisation of designs 
KD21 Elaborating BIM models for offsite prefabrication and shop drawings 
KD22 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 
KD23 Accuracy and reliability of documents and data 
KD24 MEP simulation and analysis (HVAC) 
KD26 Structural analysis and design 
KD27 Acoustic (sound) simulation and analysis 
KD28 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 
KD29 Predicting, simulating, and analysing environmental conditions (airflow, weather) 
FC3 Education and knowledge related factors 
KD11 BIM training 
FC4 Processes and regulations factors 
KD1 Integrating project documentation/bid preparation 
KD2 Adequate cost allocation to BIM 
KD14 Development of legal frameworks for BIM 
KD15 Reduced risk of claims or litigations 
KD20 Boosting implementation of LC, and IPD 
KD30 Establishing BIM and LC standards, codes, rules and regulations 
FC5 Project objectives related factors 
KD6 Reducing construction project costs 
KD7 Reducing construction project duration 
KD12 Improving quality and construction project performance 
KD16 Organisational senior management support 
Notes: - FCs= factor cluster(s); KDs=key driver(s) 

8.4 Research methodology 

This research adopted ‘mixed research methodologies’ involving both 

descriptive and inferential statistics and adopts an applied approach to achieve its aim 

and objectives (Farrell et al., 2016). Quantitative and qualitative techniques were used 

for data collection and analysis. Data collection is a principal activity in the research 
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process. Data were collected from different sources, using different methods to 

achieve the objectives. This is known as ‘triangulation’, which increased reliability 

and validity by verifying findings of data from one source with other sources. This 

strategy reduces the risk and bias associated with using specific methods (Fellows and 

Lui, 2015; Farrell, 2016; Bernard, 2000). Semi-structured face-to-face interviews and 

the focus group technique using video conference communications was adopted since 

it indicates a high degree of reliability, high level of item response rate, and gives 

opportunity to interviewers to explain complex questions and mitigate inappropriate 

responses (Farrell et al., 2016). Semi-structured face-to-face interviews are 

discussions, usually one-on-one between interviewers and interviewees, meant to 

gather information on a specific set of topics, while focus groups are dynamic group 

discussions used to collect information (Harrell, and Bradley, 2009). This strategy 

reduces the risk and bias associated with using specific methods (Fellows and Lui, 

2015; Farrell, 2016; Bernard, 2000). 

According to Farrell et al. (2016) it is argued that the best studies comprise the 

analysis of both qualitative and quantitative data. The qualitative analysis may come 

first, speaking to people, teasing out issues and problems.  The quantitative analysis 

follows, using numerical data to test hypotheses. The researcher may then revert back 

to more qualitative data gathering to help in interpreting results and findings from the 

quantitative tests.  The review of the theory and the literature, at the early part of the 

study may be considered to be a qualitative analytical tool, although the review may 

also include some quantitative analysis.  Using both qualitative and quantitative 

approaches in a study can be called ‘mixed methods’ or ‘methodological 

triangulation’ (Clarke and Cresswell, 2008). A ‘mixed methods’ or ‘methodological 

triangulation’ has been adopted for this study. Objective or positivist research lies at 
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one end and seeks to establish facts about the world.  Subjective or interpretivist 

research lies at the other and seeks to explain why things are as they are. The 

framework includes a common thread of research paradigms that suggested for this 

study (Farrell et al., 2016). To achieve the research goals, a two-stage research 

methodology is adopted. Stage1 is qualitative research and Stage 2 is quantitative.  

Figure 8.1 demonstrates the research methodology stages. 
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Figure 8.1: Research methodology (Evans et al., 2021d)   

Stage 1: Qualitative research

Step 1.1: Literature review

Step 1.2: Identify KDs to integrate LC, BIM, 
LeanBIM, IPD, LeanIPD, GID & FOW concepts

Step 1.3 External validation
(Focus group & semi-structured interviews)

Step 1.4:  § Propose conceptualisation, define, 
redefine BIM, LC, LeanBIM, IPD, LeanIPD and 

GID
§ FOW global initatives

§ Competency framework

Step 1.5: External validation of  concepts, FOW 
global initatives & competency framework
(Focus group technique & semi-structured 

interviews)

Stage 2: Quantitative research

Step 2.1: Survey design

Step 2.2: Pilot survey & identify participants

Step 2.3: Collect data

Step 2.4: Analysis, evaluation and 
discussion of results
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8.4.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step research methodology 

as suggested by Farrell et al. (2016). Step 1.1 is a comprehensive literature review to 

define key parameters and criteria affecting KDs to integrate LC practices and IPD on 

CMPs working towards the FOW global initiatives in contemporary multinational 

AEC organisations. Step 1.2 identifies KDs to integrate BIM, LC, IPD, LeanBIM, 

LeanIPD, and LeanIPD&GID. Research identified 30 KDs to integrate 

LeanIPD&GID. Identified KDs were then categorised into five factors clusters (FCs) 

1 to 5. These FCs are used to develop a questionnaire to quantify their relative 

importance. Step 1.3 is based on the critical review, and outcomes were piloted with 

eight industry expert practitioners and senior academic researchers through semi-

structured face-to-face interviews and the focus group technique to validate 

determined KDs and CFs (Farrell, 2016; Taylor et al., 2015; Harrell, and Bradley, 

2009). The response from professionals highlighted a lack of systematic exploration 

of all parameters in the literature, and mixing concepts from production, quality, 

sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for multiple 

validations. In step 1.4, there was conceptualisation, definition, and redefinition of 

BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID, competency framework, and 

FOW global initiatives. Step 1.5 encompasses multiple validations of concepts and 

FOW global initiatives through semi-structured face-to-face interviews and the focus 

group technique. Concepts and FOW global initiatives were validated by ten 

professionals - six industry experts and four academic researchers - to qualify their 

relevance, correlation, logic, and importance to the construction industry, specifically 

to CMPs. FOW global initiatives encompass definition, benefits, and integration 

between business units, cultural difference. The experts selected for both semi-
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structured interviews and the focus group represented senior-level construction 

industry practitioners and academics based in Qatar. Experts were selected with more 

than fifteen years of experience of successful delivery of CMPs, the level of seniority 

in experience, proficiency in project delivery methods, software familiarity, 

experience with various forms of contracts, and knowledge of BIM, LC, and IPD. The 

participants have construction experience in many other countries, including, Qatar, 

Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, Spain, UK, Canada, and the 

USA. The participants have awareness of BIM, LC, and IPD. This indicated that their 

responses shape a suitable idea of the BIM, LC, IPD, LeanBIM, LeanIPD, and 

LeanIPD&GID adoption in CMPs and its limitations. 

8.4.2 Stage 2: Quantitative research methodology 

Stage 2 involves a four-step quantitative research methodology. Step 2.1 

includes the design of a survey based on the literature review in Stage 1of the research 

(Step 1.1). Step 2.2 involves the pilot survey and identification of respondents. Step 

2.3 is the collection of data. Step 2.4 comprises analysis, evaluation, and discussion of 

results. Data collection was based on the literature review and survey questionnaire. 

Firstly, the literature review used textbooks, academic and peer-reviewed journals, 

conference and seminar proceedings, dissertations and theses, organisations and 

government publications, to examine the nature of the construction industry, BIM, 

LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. Secondly, results of a survey 

questionnaire conducted with a representative sample of professionals in CMPs were 

presented and analysed to investigate the perception of practitioners towards the 

challenges of the integration between BIM, LC and IPD towards GID transformative 

initiatives and corporate governance. 

A pilot study of the survey was tested to determine its effectiveness and 
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problems. The literature review outcomes are piloted on five construction industry 

practitioners and three academics who specialised in construction management from 

Gulf Cooperation Council (GCC) countries during semi-structured face-to-face 

interviews, and via video conference communications (Farrell et al., 2016). 

Construction industry practitioners are asked to validate relevance of identified 

challenges and propose additional related parameters that were overseen. After going 

over the responses of the preliminary test and making changes, the questionnaire was 

ready for formal testing (Farrell et al., 2016). 

8.4.2.1 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on participants such as areas of expertise, relevant 

experience, current position within their organisations and the size of projects that 

they are involved in. Additionally, the degree of awareness of BIM, LC and IPD 

practices (Tanner, 2018; Taylor et al., 2015). The second section reflected KDs in the 

integration between BIM, LC and IPD in CMPs that came from literature and the 

interviews (Malhotra and Dash 2019). 

The 30 identified KDs to integrate LeanIPD&GID on CMPs were organised 

into five FCs (Farrell, 2016; Brown and Hauenstein, 2005; Fellows and Liu, 2015). 

Participants were asked to rate the factors on a 7-point Likert scale: 0 = very strongly 

disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or don’t know, 4 = agree, 5 

= strongly agree and 6 = very strongly agree. Scores are developed on the Likert 

scale, developed by the American Psychologist Rensis Likert (1903-1981). The 

seven-point Likert scale has been shown to be more accurate, easier to use, and a 

better reflection of a respondent’s true evaluation. In light of all these advantages, 

even when compared to higher-order items, seven-point items appear to be the best 
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solution for questionnaires such as those used in perception evaluations. Whether 

academic and industry practitioners are developing a new summative scale, a 

satisfaction survey, or a simple one-item post-test evaluation item, accordingly, 

research adopted to use a seven-point rather than a five-point scale (Farrell et al., 

2016). 

Sample size is important to obtain representative results. The population of 

this study comprised construction experts that has experience in BIM, LC and IPD on 

CMPs. Cochran’s sample size formula for categorical data (Cochran, 2007) was 

employed to establish the sample size that is seeking the maximum possible responses 

within affordability. 

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
 Equation 8.1 

where 𝑛 is the initial sample size estimate, 𝑡 is the confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is the 

margin of error (0·1). Upon calculating Equation 8.1 using the assumed data (𝑡 = 

1·96, 𝑝 = 0·5, 𝑞 = 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an online questionnaire designed using 

‘Google Forms’ and distributed using various tools i.e., email, LinkedIn, WhatsApp, 

and Microsoft Teams. To ensure compliance with ethical protocols, a note preceded 

the questionnaire to provide guidance on the aims and objectives of the research, the 

estimated duration to complete, to assure participants of their anonymity and 

confidentiality, and to advise that reply was not compulsory. A research ethics 

checklist was also used to ensure there was no breach of institutional codes. It was 

deemed there was no requirement to refer the data collection instrument for board 

approval, and informed consent was implied by participation. Requests were sent to 

372 industry practitioners, and there were 226 (60.75%) replies from those with a 
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variety of responsibilities such as owners, consultants, contractors and subcontractor 

organisations. Fellows and Liu (2015) indicate that ‘large number statistics require 𝑛 

≥ 32; and a usable data set of 100 responses for factor analysis.’ Given that 226 

responses were received, it is asserted that results from the sample can be used to 

make valid inference back to the population. The requests were sent to construction 

industry practitioners in CMPs in Qatar, GCC countries and the MENA region with 

good knowledge of LC practices, BIM tools and IPD (Farrell, 2016; Hasson et al., 

2000; Grisham, 2009). 

8.4.2.2 Data analysis and statistical tools 

Structural equation modelling (SEM) applied in this research extending 

multivariant analysis methods and analysis of variance (ANOVA) (Williams et al., 

2004). Descriptive and inferential statistical analysis methods were employed in 

analysing the data collected in the course of the study. These include:(1) Cronbach’s 

alpha (α) reliability test; (2) mean score ranking and standard deviation (SD); (3) 

inferential statistical tests such as ANOVA, post-hoc Tukey tests; correlation analysis; 

and (4) Principal component analysis (PCA) (Fellows and Liu, 2015; Field, 2018; 

Fang et al., 2004; LeBreton and Senter, 2008). In order to accomplish the research 

objectives IBM® SPSS® Statistics (SPSS) version 27, IBM® Amos version 27, 

Microsoft® Excel, Microsoft® Word software were used. 

Reliability testing. The Cronbach’s α reliability test is mainly used to verify 

internal consistency or reliability of the construct of the questionnaire items under the 

adopted Likert scale of measurement. The range of the Cronbach’s α reliability 

coefficient is from 0 to 1; it implies that the larger the α-value, the better the reliability 

of the scale or the generated result (Cronbach, 1951; Nunnally and Bernstein, 1994; 

Hollander et al., 2014; Field, 2018). Cronbach’s α is computed from Equation 8.2: 
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𝛼 =
𝑛

𝑛 − 1
 (1 −

∑ 𝜎𝑖
2𝑛

𝑖=1

𝜎𝑋
2 ) Equation 8.2 

 

Where, 𝑛 is the number of variables, 𝜎𝑖
2 is the score variations on each 

variable, and 𝜎𝑋
2 is the total variance of the overall score. 

Mean score ranking and standard deviation. The arithmetic mean is a measure 

of central tendency which indicates the average values of a set of figures, while SD is 

a quantitative measure of the distribution of value from the mean and is a measure of 

variability. A low SD indicates that the values are close to the mean, whereas a high 

SD implies the data points are spread out over a large range of values. For the mean 

ranking, if two or more factors have the same mean value, the SD values are used to 

rank them; the factor with the lower SD value is ranked higher, however, if they have 

the same mean and SD value, they will have the same rank (Hollander et al., 2014; 

Field, 2018). 

Analysis of variance test. The ANOVA is an inferential statistical tool used to 

determine whether any statistically significant differences exist between the means of 

two or more independent data groups. Parametric ANOVAs require normally 

distributed data points (Field, 2018). The post-hoc Tukey test is regarded as a 

posteriori test because it is only needed to confirm and reveal where the differences 

occurred between groups after an ANOVA analysis has identified the statistically 

significant different groups. PCA is discussed in full details in section 8.7.5. 

Percentage score analysis. A score on a 0-100-point scale. According to 

Farrell et al. (2016) the percentage score for questions and individual participants 

supports ease of interpretation of results. On the seven-point scale of 0 (very strongly 

disagree) to 6 (very strongly agree), very strongly disagree becomes 0% and very 

strongly agree becomes 100%. The intermediate points are 1 = approximately 16%, 2 
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= 33%, 3 = 50%, 4= 67% and 5 = 84%. Similar principles are used in the multiple 

scoring scale (Farrell et al., 2016). An overall low percentage score thus indicates 

disagreement, and high score indicates agreement. 

8.4.2.3 Summary of respondent demographics   

This section describes and analyses the questionnaire survey regarding the 

respondents’ demographics. The respondents are from 23 countries working under 

diverse organisational types. The majority of survey participants are from consultant 

organisations (97, 42.92%), with the remaining respondents from contractors (71, 

31.42%), clients (38, 16.81%) and academics (20, 8.85%).  The diversity of the 

respondent groups allows for the capture of differing views from different 

perspectives. Moreover, on average, respondents have more than fifteen years of 

working experience in construction industry. This justifies an assertion that the 

respondents not only have theoretical knowledge of operations in the AEC industry, 

but they have brought such knowledge into practice. Respondents were classified 

according to their career level: senior management (19, 7.96%), manager (56, 

24.78%), senior level resident engineer or client consultant (96, 42.48%), mid-level 

engineering (34, 15.04%) and junior level engineering (22, 9.73%). 

Meanwhile, respondents were asked about their level of awareness of BIM 

concepts and processes; the findings revealed the level of knowledge of BIM as 

follows: - (1) experts (31, 13.72%); (2) very knowledgeable (36, 15.93%); (3) good 

knowledge (34, 19.03%); (4) some knowledge (77, 34.07%); (5) little knowledge 

(230, 10.18%); and (6) no knowledge (16, 7.08%). Figure 8.2 demonstrates awareness 

of BIM, knowledge of LC and knowledge of IPD. Respondents were asked about 

their level of awareness of LC practices; the findings revealed the level of knowledge 

of LC as follows: - (1) experts (17, 7.52%); (2) very knowledgeable (19, 8.41%); (3) 
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good knowledge (22, 9.73%); (4) some knowledge (70, 30.97%); (5) little knowledge 

(56, 24.78%); and (6) no knowledge (42, 18.58%). Respondents were asked about 

their level of awareness of the IPD; the findings revealed that the level of knowledge 

of IPD as follows: - (1) expert (12, 5.31%); (2) very knowledgeable (14, 6.19%); (3) 

good knowledge (17, 7.52%); (4) some knowledge (32, 14.16%); (5) little knowledge 

(80, 35.40%); and (6) no knowledge (71, 31.42%). Results reflected that awareness of 

BIM in the MENA region is higher than LC, and LC awareness is higher than IPD 

knowledge.  Percentage score analysis conducted on respondents of survey and 

showed percentage score as follows: awareness of BIM = 53.89%, knowledge of LC 

= 38.21%, knowledge of IPD = 28.11% and an average percentage score = 40.07%. 

these results indicate that the awareness of BIM is above average while knowledge of 

both LC and IPD still below average.   
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Figure 8.2: Awareness of BIM, knowledge of LC, and knowledge of IPD (Evans et 
al., 2021d) 
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LC, while LC is still taking its first steps and IPD is very slightly implemented in the 

MENA region. Results also revealed that LeanBIM is slightly integrated, while 

LeanIPD integration is almost not present. Figure 8.3 illustrates extent of 

implementation/integration of BIM, LC, IPD, LeanBIM, and LeanIPD on 

respondent’s current project(s). Percentage score analysis conducted on respondents 

of survey and showed percentage score as follows: (1) extent of BIM implementation 

= 65.49%, (2) extent of LC implementation = 51.11%, (3) extent of LeanBIM 

integration =41.37% , (4), extent of IPD implementation = 28.98%, and (5) extent of 

LeanIPD integration= 22.68%, while average percentage score = 41.92% these results 

indicate that extent of implementation of BIM and LC above average while extent of 

IPD implementation and LeanBIM and LeanIPD integration are below average.   
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Figure 8.3: Extent of implementation/integration of BIM, LC, IPD, LeanBIM, and 
LeanIPD on respondent’s current project(s) (Evans et al., 2021d)  
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Respondents were classified according to the scale of their largest current 

project(s) to: (1) megaproject(s) (> 1billion USD) (184, 81.42%), (2) large-scale 

project(s) (>500 million to 1 billion) (23, 10.18%), (3) medium-scale project(s) (>100 

M to 500 M) (10, 4.42%), (4) small-scale project(s) (>50 M to 100 M) (4, 1.17%), and 

(5) research or project(s) < 50 M (5, 2.21%). The survey participants have 

considerable professional experience in construction industry with (64) 28.32% of the 

respondents having more than twenty years working experience, the next (45) 19.91% 

of the respondents have between sixteen to twenty years working experience, (57) 

25.22% of the respondents have between eleven to fifteen years of experience, the 

next (46) 20.35% of the respondents have five to ten years of experience, and (14) 

6.19% of the respondents (15) have less than 5 years of experience. Respondents were 

classified according to the type of the largest current project to: (1) infrastructure 

(100, 44.25%), (2) metro/light rail transit (LRT) (94, 41.59%), (3) building (23, 

10.18%), (4) industrial (3, 1.33%), and other types of projects (6, 2.65%). 

Respondents were classified according to the type of contract or procurement on their 

largest current project(s) to: (1) lump sum contracts (25, 11.06%), (2) measurement 

contracts (3, 1.33%), (3) cost reimbursed contracts (3, 1.33%), (4) design and build 

(DB) procurement (188, 83.19%), and other types of contracts (7, 3.10%). 

The lead researcher consulted with industry professionals via semi-structured 

face-to-face interviews using video conference communications in the MENA region 

about GID implementation. Research concluded that some international AEC 

organisations working on megaprojects are implementing GID through coordination 

with different branches to create BIM models and architectural, structural and MEP 

designs, and taking advantages of cost savings and improve project financials 

combining scalable costs and time zone benefits. International AEC organisations are 
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taking advantage of carrying out designs in various branches in the MENA to 

distribute work and financial advantages. Also, international AEC organisations try to 

take advantages of cost benefits and time zone benefits in branches in Australia, India, 

the Philippines and GCC regions. For a decade, some giant local AEC organisations 

have started to create branches overseas for mainly AutoCAD® drafting and later 

BIM production in the Philippines and Egypt, and some extended locations in the 

GCC to attain cost savings. Research also revealed that attempts to take advantages of 

GID are still at their start and focus on cost saving in BIM and production only, but do 

not yet reach implementation, nor integration between the three principles of BIM, 

LC, IPD, LeanBIM, LeanIPD and LeanIPD&GID. 

8.5 Competency framework 

The competency framework is a collection of competencies needed for 

effective job performance in contemporary multinational engineering organisations. 

The proposed framework provides guidelines of ‘how’ an organisation could translate 

its vision, mission and values into action to sustain competitive advantage of the 

business in such a dynamic built environment. While there are many qualities that 

make up a strong and effective individual, the competency framework is deemed to be 

the most essential characteristic of every professional employee affiliated with an 

organisation. The competency framework consists of twelve (12) organisations 

behaviours divided into two sets of behaviours core and leadership. Core behaviours 

apply to every employee in an organisation, while leadership behaviours apply to 

leaders at the organisations. Figure 8.4 illustrates core and leadership behaviours. 

Table 8.5 illustrates the proposed competency framework. 



 

304  

 

Figure 8.4: Core and leadership behaviours (Evans et al., 2021d) 
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Table 8.5: Competency framework (Evans et al., 2021d) 

 Competency Core behaviours Leadership behaviours 
C

us
to

m
er

 fo
cu

s 
Building strong 
customer 
relationships and 
delivering customer-
centric solutions 
 

• Ask questions to identify 
customer needs accurately 

• Prioritise work based on 
customer requests 

• Follow-up with customers to 
ensure problems are solved 

• Benchmark customer feedback 
and satisfaction and provide 
innovative ideas to meet their 
future needs 

• Address gaps in the workgroup’s 
ability to meet emerging customer 
needs 

• Align business processes to 
customers specific needs 

• Adopt customer-focused 
environment 

B
us

in
es

s i
ns

ig
ht

 

Apply knowledge of 
business and 
marketplace to 
develop 
organisation’s goals. 

• Learn about KDs of the 
organisation’s business 

• Show interest in industry 
developments and trends 

• Understand how changes in the 
marketplace affect business 

• Use knowledge about business 
and industry to guide decisions 
and own works 

• Educate others on fundamentals of 
the business and industry 

• Apply insights of the industry and 
trends to drive critical initiatives 

• Use business knowledge and 
insights to guide the decisions and 
work of the organisation 

• Know the right responses to 
changing market dynamics and new 
business information. 

E
ns

ur
e 

ac
co

un
ta

bi
lit

y Hold self and others 
accountable to meet 
commitments 

• Communicate the status and 
completion of assignments.  

• Take responsibility for own 
actions.  

• Take responsibility for 
successes and failures in own 
work. 

• Follow through on 
commitments 

• Communicate the status and 
completion of assignments.  

• Take responsibility for own actions 
• Take responsibility for successes 

and failures in own work 
• Follow through on commitments 

Si
tu

at
io

na
l a

da
pt

ab
ili

ty
 

Adapt approaches 
and demeanours in 
real time to match 
shifting demands of 
different situations 

• Demonstrate flexibility of 
responses to different situations 

• Recognise cues that suggest 
changes in approaches or 
behaviours needed 

• Adapt to changing needs, 
conditions, priorities, or 
opportunities 

• Monitor how well approaches 
are working, and continuously 
improve them 

• Adapt priorities and shifts in 
response to the needs of clients or 
organisations 

• Adapt leadership style in responses 
to a broad range of different 
situations and challenges 

• Bring an approach to flexibility that 
becomes ingrained in the 
organisation’s structures, systems, 
and culture 

• Guide the organisation to remain 
flexible in a changing, competitive 
environment by being a role model 
for adaptability 

C
om

m
un

ic
at

e 
ef

fe
ct

iv
el

y 

Develop and deliver 
multimode 
communications that 
convey a clear 
understanding of 
unique needs of 
different audiences 

• Listen attentively to others’ 
insights, advices, and 
instructions 

• Clear, concise, and professional 
in communication 

• Share information and updates 
with others as needed 

• Prepare clear and thorough 
reports, documentation, and 
other written information 

• Adjust communication contents and 
styles to audiences and diverse sets 
of stakeholders 

• Practice active and attentive 
listening skills to verify 
understanding 

• Create opportunities for constructive 
dialogues within organisation 

• Communicate effectively to a wide 
variety of audiences at all 
organisational levels 
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V
al

ue
 d

iff
er

en
ce

s 

Adopt focus on 
diversity and 
inclusion 

• Behave with sensitivity toward 
differences in cultural norms, 
expectations, and ways of 
communicating 

• Challenge stereotyping or 
offensive comments 

• Seek out diverse perspectives 
and talents of others 

• Work effectively with others 
who have different perspectives, 
backgrounds, or styles  

• Create an environment in which 
differences are openly shared, 
embraced, and incorporated into the 
team’s activities 

• Sponsor and mentor people from a 
variety of backgrounds and 
perspectives 

• Adopt a culture that encourages and 
supports diversity and inclusion 

• Apply understanding of cultural 
differences to create values for the 
organisation 

St
ra

te
gi

c 
m

in
ds

et
 

See ahead to future 
possibilities and 
translate them into 
breakthrough 
strategies 
 

 • Clarify organisation’s vision and 
strategy, and ensure that efforts are 
prioritised to support them 

• Think beyond the day-to-day, taking 
a long-term, big-picture view of 
business 

• Explore future scenarios and 
possibilities to help the organisation 
respond to changes and shape the 
future 

• Develop and integrate 
organisational strategies to achieve 
and sustain competitive advantages 

B
ui

ld
 e

ff
ec

tiv
e 

te
am

s 

Build strong identity 
teams that apply 

their diverse skills 
and perspectives to 
achieve common 

goals 

 • Communicate clear goals and roles 
to team members 

• Ensure that teams have the right mix 
of skills and leverage the strengths 
of individual members 

• Build cohesive leadership teams that 
drives the goals and successes of 
organisation 

• Model teamwork by working 
effectively with other leaders 
throughout the organisation 

B
ei

ng
 r

es
ili

en
t 

Address needs for 
leaders to create an 
environment of 
resiliency in fast-
paced and complex 
operating 
environments  

 • Remain objective and calm when 
faced with adversities 

• Manage crises and volatile 
situations effectively 

• Show persistence in the face of 
adversity or obstacles, and 
encourage others to do the same 

• Display stability and resilience in 
the face of crisis to enable the 
organisation to remain focused and 
productive. 

C
ou

ra
ge

 

Step-up to address 
difficult issues (say 
what needs to be 
said) 

 • Confront tough organisational issues 
and disagreements 

• Deliver difficult messages directly 
• Confront actions that are 

inconsistent with the organisation’s 
core values 

• Lead the organisation through high-
stakes situations, crises, or 
conditions of uncertainties 

C
ul

tiv
at

e 
in

no
va

tio
n Create new and 

better ways for 
organisation to be 
successful 

 • Encourage others to address 
challenges in new and better ways 

• Create a culture that nurtures and 
rewards creativity and innovation. 

• Remove organisational barriers to 
creativity and innovation.  

• Challenge barriers to generate and 
implement breakthrough ideas and 
solutions 
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D
ri

ve
 v

is
io

n 
an

d 
pu

rp
os

e Paint compelling 
pictures of a vision 
and strategies that 
motivates others to 
action 

 • Build energy and optimism in others 
to benefit the organisation’s vision 

• Communicate the vision of the 
organisation in ways others can 
relate to 

• Ensure that others understand how 
their efforts and contributions make 
positive differences 

• Ensure clarity around the 
organisation’s vision, mission, and 
values. 

8.6 Proposed future of work global initiatives  

This section discusses future of work (FOW) global initiatives; it is considered 

a continuation and progression of several research projects by Evans et al. (2021b) 

and Evans et al., (2021a). It conceptualises, defines and redefines concepts adopted in 

the research of BIM, LC, IPD, GID, LeanBIM, LeanIPD, and LeanIPD&GID. FOW 

global initiatives is illustrated in BIM, LC, IPD, GID, LeanBIM, LeanIPD and 

LeanIPD&GID concepts 

BIM, LC and IPD and GID concepts are redefined in the literature review 

section; the following are conceptualisation of LeanBIM, LeanIPD and 

LeanIPD&GID transformative initiatives and corporate governance: - LeanBIM. BIM 

and LC approaches have been introduced as two distinctive but integral initiatives 

(Sacks et al., 2010; Sacks et al., 2009). Developing modern standards for 

implementation of BIM is required (Olawumi et al. 2018a), while full integration 

between BIM and LC, so-called ‘LeanBIM,’ is necessary to achieve optimal 

LeanBIM synergies (Evans et al., 2021c). LeanIPD. IPD is uniquely suited to put 

these principles into practice, because it solves contractual issues that prevent true 

collaboration and sharing of ideas, materials, and manpower. One of the cardinal 

principles of LC is that when a single step is optimised in a process, it de-optimises 

the whole. Unfortunately, traditional construction contracts divide all entities on 

projects into separate camps with each party intent on optimising its own part, thus 

de-optimising the whole. Cost and profit-sharing approaches eliminate traditional 
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contract barriers and incentivises team members to act unselfishly and make ‘project’ 

decisions rather than ‘trade’ decisions. Utilising the principles of LC and IPD 

processes offers two main advantages over the traditional design-bid and design-build 

processes; that is reduced waste and increased reliability of planning. LeanIPD&GID. 

Projects, including CMPs, exist and operate in environments that may have an 

influence on them. GID redefines what is possible by connecting and collaborating 

global delivery units or teams; as it allows teams to grow and achieve opportunities 

worldwide. GID encourages inventive thinking, exploration, and bringing innovative 

ideas and sustainable solutions to clients and owners of CMPs, that leads to profitable 

growth and shared success with AEC organisations. LeanIPD is a project delivery 

approach that integrates people, systems, business structures and practices into a 

process that collaboratively harnesses talents and insights of all participants; this 

includes integration of BIM, LC, as LeanBIM, and integrating LeanBIM with IPD as 

LeanIPD working towards LeanIPD&GID transformative initiatives and corporate 

governance. 

8.6.1 Future of work global initiatives  

As the AEC industry continues its journey of transformation and growth, 

during the COVID-19 pandemic, there is a reflection point to innovate and create new 

ways of working. There are significant changes for enhancements of employees’ 

experience, prioritising their professional development, wellbeing, and benefits. 

During COVID-19, many organisations have made substantial changes to how people 

live and work. But before that, experts understood the importance of technological 

advancements and globalisation and impacts regarding evolution in working systems. 

The future of work global initiatives is transforming the behaviours, technologies and 

physical and virtual spaces as workplaces that influence working methods, creating 
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modern, flexible work platforms tailored to people’s unique needs. To attract and 

retain world-class talent, the AEC industry must provide flexibility: this includes a 

choice-based, work-anywhere approach in addition to dynamic work environments 

that encourage and enable collaboration and connection. The FOW rests on a 

foundation of three elements – Culture, Place and Tools. Each of these elements is 

vital to creating effective work environments: - (1) Culture of caring and inclusion is a 

foundation, organisation can celebrate the differences that drive collective strength. 

There is no limit to who you can be and what we can achieve, (2) Place determines 

identity, imbues culture, and connects people. The future of work is people-centric 

and requires places that prioritise work activities that are group focused, and (3) Tools 

workstream is dedicated to exploring and defining the digital infrastructure to allow 

us to create, capture, track and deliver solutions across our markets and lines of 

business to support an increasingly distributed workforce demonstrates FOW 

strategies elements. 

People-centric work platforms fully embrace the culture of inclusivity by 

giving people flexibility to choose how and where they want to work based on their 

needs, teams, and clients. Traditional offices were ‘invented’ to solve a problem: 

organisations needed to host several people in one place to enable both easy 

communication and access to documents and other information. Today, technology 

effectively addresses most of those needs, so it is time for the purpose and function of 

offices to evolve along with that. Adopting a combination of physical hardware and 

new interactive virtual platforms will allow people to engage across organisations as 

never before and enhance the entire experience of employees. These tools will 

improve ability to meaningfully engage with colleagues and clients while helping all 

to be more productive. This also reinforces the need to effectively store and share 
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knowledge across enterprises. Figure 8.6 represents employee ‘work modes; 

distributed by location and ‘the destinations’ where it is a physical and virtual way to 

work (Evans et al., 2021b).  
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Figure 8.5: FOW strategies elements of culture, places and tools (Evans et al., 2021d) 
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In the past people were often dedicated to individual workstations; while post-

COVID-19 thinking shifts the use of space to support groups and teams at a variety of 

workstations that will be technology enabled. This transformation journey will take 

several years as the AEC industry progresses from traditional systems to FOW 

systems and procedures. To achieve the aim of the research; the lead researcher 

consulted with various teams working in the AEC industry such as architects, 

planners, information technology (IT) specialists, focus groups across lines of 

businesses and corporate functions. FOW concept divides the type of work in AEC 

organisations into five ‘work modes’ ranges from active to focused. The five ‘work 

modes’ are structured as follows: - (1) Learning/mentoring. Group or one-on-one 

interactions, where employee training or learning takes place. (2) Group/team. 

Meeting place for group work, idea sharing and presentations. (3) Social interaction. 

Acts as a hub for both employees and surrounding community fostering social 

connections. (4) Decompress. Where an employee can unplug, unwind, and seek 

respite from work, and (5) Focused. Typically, individual, heads down tasks, where 

independent and deep work occurs.
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Figure 8.6: The ‘destinations’ and ‘work modes’ distributed by locations (Evans et al., 2021c,2021d)
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FOW concept designated some key office ‘destinations’ associated with the 

five ‘work modes’ – the porch, the park, the classroom, the lab, and the library. The 

porch is a welcoming, inviting, and safe landing point. The park is a place where you 

connect and socialise. The classroom is for teaching, learning, mentoring, and 

connecting. The lab is a place for innovation, collaboration, and ideation. While the 

library is for heads down, and individual work. The destinations are a range of 

settings and choice-based environments, while ‘work modes’ no longer need to be 

tied to a physical place and space type. The ‘destinations’ are places that are furnished 

with appropriate furniture to accommodate different ‘work modes,’ such as power and 

Wi-Fi connectivity. There should be storytelling and brand integration in each space, 

and modular components for flexibility, speed, and sustainability. Acoustic and 

absorptive materials should be used, and other materials and products that support 

sustainability goals. Tools are required to connect people virtually as well as 

physically to collaborate, innovate, learn and engage. Tools will serve people and 

places, such as upon entering ‘the porch’ a contactless touch identification allows 

users to enter the space without human contact. ‘The park’ could be equipped with 

virtual reality (VR) capabilities, broadcasts large gathering such as ‘town hall 

meetings.’ Whereas ‘the lab’ will be equipped with tools that allow BIM, 3D design, 

full-scale virtual modelling supports real time drawing, sharing, design and 

manufacturing, and computer programming and coding for robotic construction arms. 

Furniture will offer a range of setting and choice-base environment. A 

conceptual floor plan for focus work such as ‘the library’ may be furnished with a 

combination of community tables with monitors incorporated, semi-open booths with 

monitors, mobile tables with monitors and task chairs, hight adjustable desks and task 

chairs and individual focus desks. Collaborative workspace floor plans may be 
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furnished with a combination of communal tables with benches and chairs, semi-open 

4 persons railway carriage booths, enclosed co-creations, full enclosed 1-2 person 

pods, semi-open 3-4 person technology enabled, movable touch screen monitors, and 

banquette seating. The comfort of employees is essential so specific considerations to 

office location is important, such as accessibility, gym/shower facilities, proximity to 

clients, outdoor space, cafes, restaurants, gender neutral washrooms, lounges, parking 

and proximity to +15 walkway network (pedestrian skywalk systems, the system is so 

named because the skywalks are approximately 15 feet (approximately 4.5 metres) 

above street level). 

8.6.2 Post-COVID-19 and the construction industry  

The COVID-19 pandemic has severely impacted the construction and other 

industries, and the impact has been tangible and, in some cases, devastating. 

Businesses have lost work due to the pandemic, from contractors having jobs 

cancelled to original equipment manufacturer (OEMs) seeing a drop in equipment 

sales. It has also changed the way that construction sites operate. At its most basic 

level, social distancing is being employed, and the tracking of staff – both ensuring 

that they really need to be on-site in the first place and are keeping social distancing – 

has never been more critical. Building off-site, such as modular construction, and the 

use of technology to perform tasks remotely have also increased. COVID-19 has 

triggered unprecedented challenges and accelerated changes for the construction 

industry, including a widespread shift to remote working and the need for spatial 

distancing and tracking of movements for critical workers on-site. COVID-19 has 

acted as a ‘force accelerator’ for adopting new technologies such as adoption of 

Matterport camera scanning for site progress reviews. Driven by the need to keep 

projects on track and limit access to site and exposure to risk, project teams use this 
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camera technology for walking through spaces on Google Earth, for example, to 

record and host online building tours. 

The COVID-19 pandemic has also served as a catalyst for enduring and 

widespread adoption of digital technologies, resulting in a transformation in 

integrated project delivery. It has leveraged digital technologies and remote working 

tools to maintain business continuity with the majority of people working from home. 

There has been extended use of video streaming, augmented reality, drone and sensor 

deployment to perform site assessments, inspections, assist in equipment maintenance 

and plant operation and collaborate deeply with clients while connecting experts 

globally to provide solutions in real-time. Another example of contractors adopting 

new technologies is a mobile phone application to improve the health and safety of 

employees across construction sites. The application uses Bluetooth technology to 

alert users when they come within two metres of another device, helping the 

workforce to adhere to COVID-19 social distancing measures on-site. Additionally, 

the application gathers data to help identify potential activities which require closer 

working, allowing operations to be planned in advance to either remove or mitigate 

this risk in line within place COVID-19 site operating procedures. 

Even when the pandemic is over, some things will remain forever altered. One 

of these will be the increased adoption of new technologies, but another is that home 

working will surely not completely disappear. Wherever possible, employees have 

increasingly been working from the home office. Even though home working will 

become more common for many – and may lead to a decrease in office space 

construction – workers will return to office buildings in cities around the world to 

some extent. It may be those future office buildings – and others, such as sporting 

venues and transport hubs – are built with different requirements than provided before 
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COVID-19. Building designs will increase the employment of airPHX (‘air fix’) non-

thermal, plasma technologies throughout to help reduce cross-contamination risk and 

provide employees with cleaner air and work surfaces. This airPHX technology is 

currently used in hospitals and dental clinics and shows reductions of viruses, 

bacteria, and mould. Principal structural changes will be implemented, including the 

installation of toe-to-go (T2G) foot-activated elevator systems, which utilises foot-

activated call buttons for a hands-free elevator experience, reducing the spread of 

germs. As we continue to adapt to ongoing challenges brought on by the pandemic 

and changes in how we work; this should increase data centre demands and retrofits 

of existing spaces. The COVID-19 pandemic impacts on mass gatherings; therefore, 

many facilities may also be re-imagined providing better operability with enhanced 

social distancing, and it may be expected design standards will change and adapt in 

future to reflect the impact of COVID-19. Changes to building designs need to reflect 

different working and living arrangements. Home and distance working, for example, 

is sensible and should be something that continues beyond COVID-19. It has many 

benefits, including reduced downtime, better life balance, reduced transport, and CO2 

emissions. Business is experiencing extreme changes in circumstances, and whilst an 

agile approach to work – a balance between office, home and site is the future, 

building designs will need to adapt to reflect different needs now. 

8.7 Research analysis, findings and discussion of results  

The research adopted SEM and series of descriptive and inferential statistics 

procedures to analyse the dataset composed from the ‘survey’, followed by factor 

analysis. This section discusses the results of the data collected via the questionnaire 

surveys and the findings of the statistical tools employed in the study. 
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8.7.1 Reliability testing 

‘Cronbach’s α’ reliability test was engaged in assessing the questionnaire tools 

and scale reliability to confirm that it gauges the accurate hypothesis and assesses its 

internal consistency. The value of α ranges from 0 to 1, while Nunnally and Bernstein 

(1994) recommended a minimum Cronbach’s α value of 0.70. The Cronbach’s α 

value for the survey was 0.963, which is considerably higher than Nunnally and 

Bernstein (1994) recommended onset value of 0.70. 

8.7.2 Structural equation modelling 

Structural equation modelling (SEM) applied in this research extending 

multivariant analysis methods, and including regression, factor analysis, correlation, 

and ANOVA. Figure 8.7 shows structural equation model depicting relationships 

between KDs as independent variables (IV) and respondent’s organisation set-up as 

dependant variables (DV). 
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Figure 8.7: SEM depicting relationships between KDs and respondent’s 
organisational setup (Evans et al., 2021d) 
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8.7.3 Descriptive statistical and percentage score analysis 

Percentage scores are indicated on a 0-100-point scale. The percentage score for 

questions and individual participants are calculated. KD19 has the most significant 

percentage score; it has an overall mean score of 5.11 [equivalent to 85.18%], given a 

range of 0 to 6. The percentage score values of ‘all respondents’ was calculated for all 

KDs and included in Table 6; it ranges from [57.67%, KD27] to [85.18%, KD19]. 

The most significant KD resulting from percentage score analysis matches the 

outcomes of ranking the means used earlier. 

  



 

321  

Table 8.6: Percentage score for KDs to integrate LeanIPD&GID on CMPs (Evans et al., 2021d) 
 Min Max                   

Respondent, n=  226                   

Criterion =  30 7-point Likert scale                

score scale= 0 6          

Su
m

 K
D

1 
to

 K
D

30
 

        

Worst score=  0           

Pe
rc

en
ta

ge
 

      

Best score=  180           

M
ed

ia
n 

     
 KD1 KD2 KD3 KD4 . . KD27 KD28 KD29 KD30        

 Minimum score for 30 KDs= 0*30 = 0. Maximum score = 6*30=180 

C
ou

nt
 

M
ea

n 

M
od

e 

M
in

 

M
ax

 

R
an

ge
 

SD
 

Respondent 0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or don’t 
know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. 

1 2 5 3 2 . . 3 2 2 5 30 116 3.87 64.44% 4 5 2 6 4 1.36 
2 3 3 3 3 . . 3 3 3 3 30 95 3.17 52.78% 3 3 2 6 4 0.79 
3 5 3 5 5 . . 5 5 5 5 30 136 4.53 75.56% 5 5 3 5 2 0.86 
. . . . . . . . . . . . . . . . . . .  . 

224 3 3 3 3 . . 3 3 3 6 30 105 3.50 58.33% 3 3 0 6 6 1.31 
225 5 5 5 5 . . 5 5 5 5 30 152 5.07 84.44% 5 5 5 6 1 0.25 
226 5 5 5 5 . . 5 5 5 5 30 150 5.00 83.33% 5 5 5 5 0 0.00 

Count 226 226 226 226 . . 226 226 226 226           

Sum for each 
participant 917 895 1011 927 

. . 
782 928 926 1081           

Mean 4.06 3.96 4.47 4.10 . . 3.46 4.11 4.10 4.78           

Percentage score % 67.70 66.00 74.56 68.36 . . 57.67 68.44 68.29 79.72    72.42%       

Median 5 3 5 5 . . 3 5 5 5           

Mode 5 3 5 5 . . 3 5 5 5           

Minimum 2 2 3 2 . . 0 2 2 3           

Maximum 6 6 6 6 . . 6 6 6 6           

Range 917 895 1011 927 . . 782 928 926 1081           

SD 1.096 1.097 1.067 1.117 . . 1.324 1.098 1.123 0.939           
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Mean scores was used as a basis of ranking the thirty KDs and if two or more 

elements had an identical mean score μ, the SD is employed in the ranking. 

Descriptive analysis of ‘variance’ was also considered. Mean score, μ, values of the 

survey for the thirty LeanIPD&GID KDs indicated in Table 8.3 and categorised in 

FCs in Table 8.4. For the 30 KDs identified, the overall mean values range from M = 

5.34 (SD = 1.05). Mean scores for the thirty (30) identified LeanIPD&GID KDs in the 

survey ranges by ‘all respondents’ from [μ19 = 6.11, σ19 = 0.390, and σ2
19 = 0.626] for 

‘KD19: collaboration in design, construction works and engineering management’ to 

[μ27 = 4.46, σ27 = 1.744, and σ2
27= 1.324] for ‘KD27: acoustic (sound) simulation and 

analysis.’ However, the factor rated by respondents from contractors as the first most 

significant factor was ‘KD10: coordination and planning of construction work.’ The 

results from the various organisations show that respondents from consultants, 

contractors, clients, and academics, perceived the impact of ‘KD19: collaboration in 

design, construction works and engineering management’ is the most significant KD. 

However, the findings reveal there is still considered to be a lack of mandatory BIM 

and LC industry standards and regulations by governments, consultants, clients, and 

academics. Contractors, clients and academics regard ‘KD27: acoustic (sound) 

simulation and analysis’ as the least important factor, while consultants considered 

‘KD26: Structural analysis and design the least important factor. These findings are 

because workload and market readiness in most construction projects are passed 

across to the contractors by both the clients and consultants. Hence, these factors have 

little impact on their business interests. Table 8.7 provides intergroup comparison for 

all KDs.  
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Table 8.7: KDs to integrate LeanIPD&GID on CMPs: inter-group comparison 

LeanIPD&
GID KDs 

Consultants Contractors Clients Academics Overall 
𝑭 𝑺𝒊𝒈. 

𝝁 𝑹 𝝁 𝑹 𝝁 𝑹 𝝁 𝑹 𝝁 𝝈 
% 

score 𝑹 

KD1 4.82 24 5.38 24 4.92 24 5.30 22 5.06 1.096 66.70% 24 4.206 0.006 
KD2 4.78 26 5.32 26 4.74 26 4.95 26 4.96 1.097 66.00% 26 4.134 0.007 
KD3 5.31 13 5.76 11 5.42 12 5.35 19 5.47 1.067 74.56% 13 2.654 0.049 
KD4 4.87 21 5.41 20 5.00 21 5.35 19 5.10 1.117 68.36% 21 3.797 0.011 
KD5 5.55 9 5.75 12 5.47 9 5.60 10 5.60 1.007 76.70% 9 0.789 0.501 
KD6 5.29 14 5.66 14 5.37 13 5.25 23 5.42 1.064 73.60% 14 1.938 0.124 
KD7 5.11 15 5.56 15 5.26 15 5.40 13 5.31 1.103 71.76% 15 2.383 0.070 
KD8 5.62 8 5.85 7 5.58 7 5.65 7 5.69 0.958 78.10% 8 0.979 0.403 
KD9 5.04 17 5.49 17 5.18 17 5.35 19 5.23 1.156 70.58% 17 2.213 0.087 
KD10 6.03 2 6.08 1 5.89 2 5.90 4 6.01 0.757 83.55% 2 0.684 0.563 
KD11 4.56 29 5.06 28 4.53 29 4.35 28 4.69 1.233 61.50% 28 3.293 0.021 
KD12 5.42 11 5.77 10 5.45 10 5.65 7 5.56 1.045 75.96% 11 1.771 0.154 
KD13 5.39 12 5.79 9 5.32 14 5.55 11 5.52 1.059 75.29% 12 2.523 0.059 
KD14 4.71 27 5.32 26 4.61 27 4.85 27 4.90 1.117 64.97% 27 5.545 0.001 
KD15 4.80 25 5.35 25 4.79 25 5.10 25 5.00 1.091 66.67% 25 4.205 0.006 
KD16 5.91 3 6.03 3 5.82 3 5.85 5 5.92 0.832 82.08% 3 0.648 0.585 
KD17 4.91 19 5.42 19 5.05 19 5.40 13 5.14 1.125 68.95% 19 3.416 0.018 
KD18 5.75 6 5.93 5 5.66 6 5.95 2 5.81 0.959 80.16% 5 0.944 0.420 
KD19 6.15 1 6.04 2 6.11 1 6.15 1 6.11 0.626 85.18% 1 0.466 0.706 
KD20 5.81 4 6.03 3 5.79 4 5.95 2 5.89 0.870 81.49% 4 1.043 0.375 
KD21 5.77 5 5.80 8 5.58 7 5.50 12 5.73 1.043 78.76% 7 0.756 0.520 
KD22 4.99 18 5.48 18 5.21 16 5.40 13 5.22 1.136 70.28% 18 2.791 0.041 
KD23 5.10 16 5.52 16 5.13 18 5.40 13 5.27 1.132 71.09% 16 2.179 0.091 
KD24 4.87 21 5.41 20 4.95 22 5.40 13 5.10 1.123 68.29% 22 4.056 0.008 
KD25 5.49 10 5.75 12 5.45 10 5.70 6 5.58 1.017 76.40% 10 1.170 0.322 
KD26 4.44 30 4.94 29 4.58 28 4.30 29 4.61 1.275 60.18% 29 2.631 0.051 
KD27 4.60 28 4.59 30 4.11 30 4.00 30 4.46 1.324 57.67% 30 2.341 0.074 
KD28 4.89 20 5.39 23 5.05 19 5.25 23 5.11 1.098 68.44% 20 3.154 0.026 
KD29 4.87 21 5.41 20 4.95 22 5.40 13 5.10 1.123 68.29% 23 4.056 0.008 
KD30 5.75 6 5.90 6 5.71 5 5.65 7 5.78 0.939 79.72% 6 0.616 0.605 

Average percentage scoring = 72.42%    

Note: 
μ =Mean; 𝑅 =Rank; σ or SD =standard deviation;  σ2= variance Sig = Significance “𝑝”; F= ANOVA F test ‘group means 
significance’ 
 

 

8.7.4 Inferential statistical tests based on organisational setup 

In order to further investigate the differences in the perception of respondents 

(consultants, contractors, client and, academics), an ANOVA was employed to 

analyse the 30 identified factors. Siegel and Castellan (1988) recommended that a 

post hoc Tukey’s test to be conducted on factors that are significant at 𝑝 < 0.05. 

The ANOVA analysis conducted on the results at significance level (𝑝) < 5% 

showed some significant agreement in the opinions of respondents from diverse 

organisational set-ups on all factors such as ‘KD29: predicting, simulating and 

analysing environmental conditions (airflow, weather)’  [KD (29, 225) = 4.056  𝑝 = 
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0.008]; ‘KD15: reduced risk of claims or litigation’ [KD (15, 225) = 4.205 𝑝 = 0.006]; 

‘KD3: clash detection, integrating, coordinating and validating design’ [KD (3, 225) = 

2.654 𝑝 = 0.049]; ‘KD2: adequate cost allocation to BIM’ [KD (2, 225) = 4.134 𝑝 = 

0.007]; ‘KD1: integrating project documentation/bid preparation’ [KD (1, 225) = 

4.206 𝑝 = 0.006] among others . Table 8.8 summaries significant LeanIPD&GID KDs 

ranked in descending order. Moreover, based on the post hoc Tukey test evaluation of 

significant factors, thirteen factors were found to be more important (𝑝 > 0.05). These 

include ‘KD20: boosting implementation of LC and IPD’ with a moderate 

significance (𝑝 = 0.375) of which the respondents from the private clients (M = 5.89, 

SD = 0.870).  
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Table 8.8: Summary of the significant LeanIPD&GID KDs ranked in descending 
order (Evans et al., 2021d) 

Code LeanIPD&GID KDs Ranking 

KD19 Collaboration in design, construction works and engineering management 1 

DK10 Coordination and planning of construction work 2 

KD16 Senior organisational management support 3 

KD20 Boosting implementation of LC, and IPD 4 

KD18 Earlier and precise 3D visualisation of designs 5 

KD30 Establishing BIM and LC standards, codes, rules and regulations 6 

KD21 Elaborating BIM models for offsite prefabrication and shop drawings 7 

KD8 Cooperation of simultaneous access of construction work 8 

KD5 Improving site layout and site safety 9 

KD25 Ensuring effective communication among project participants 10 

KD12 Improving quality and construction project performance 11 

KD13 Enhancing exchange of information and knowledge management 12 

KD3 Clash detection, integrating, coordinating and validating design 13 

KD6 Reducing construction project cost 14 

KD7 Reducing construction project duration 15 

KD23 Accuracy and reliability of documents and data 16 

KD9 Extracting cost estimation and quantity take-off 17 

KD22 Four-dimensional (4D) construction scheduling and sequencing (3D + time) 18 

KD17 Improving facilities management i.e., operations and maintenance 19 

KD28 Five-dimensional (5D) cost estimation and scheduling (3D + time + cost) 20 

KD4 Predictive analysis of performance (thermal, energy, i.e., CO2) 21 

KD24 MEP simulation and analysis (HVAC) 22 

KD29 Predicting, simulating and analysing environmental conditions (airflow, weather) 23 

KD1 Integrating project documentation/bid preparation 24 

KD15 Reduced risk of claims or litigation 25 

KD2 Adequate cost allocation to BIM 26 

KD14 Development of a legal framework for BIM 27 

KD11 BIM training 28 

KD26 Structural analysis and design 29 

KD27 Acoustic (sound) simulation and analysis 30 

 

8.7.5 Principle component analysis; classification of the KDs 

The study adopted PCA to reduce a large number of the KDs to a relatively set 

of variables by investigating the interrelationships between the variables (Hair et al., 

2010). There are two types of analysis, PCA and Promax rotation method (Thompson, 
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2004); the PCA was used in this study. According to Field (2018) PCA is a statistical 

technique used to identify the underlying clustered factors that defines relationships 

amongst sets of interrelated variables; and can be used to interpret ‘nonrelated 

clusters’ of factors (Fang et al., 2004), and explain complex concepts (Thompson, 

2004). Meanwhile, before subjecting the 30 KDs to PCA, a Pearson correlation 

analysis was conducted as recommended by Field (2018) and Hair et al. (2010), who 

noted that the statistical method helps to eliminate the existence of any multiplier 

effects among the variables. Hence, the correlations of these factors were assessed, 

and 30 KDs which are not highly correlated with each other are used in subsequent 

analysis. 

The PCA was conducted using varimax rotation method (an orthogonal 

rotation method) on the thirty non-correlated barriers factors from a sample of 226 

responses. The results of the PCA are shown in Table 8.9, while the column ‘factor 

loading’ illustrates the total variance explained by each factor. Field (2018) 

recommended that the sample size must be considered sufficient in the ratio of 1:5 

(number of variables: sample size) which the current study fulfilled. That is, 30 KDs 

multiplied by five samples required for each factor = at least 150 samples needed to 

proceed with the factor analysis. Kaiser–Meyer–Olkin (KMO) tests for sampling 

adequacy and Bartlett’s test of sphericity (BTS) was used to examine the 

appropriateness of PCA for factor extraction (Field, 2018, Fang et al., 2004).   
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Table 8.9: FCs structure of the varimax rotation LeanIPD&GID KDs (Evans et al., 
2021d) 

Code FCs/ LeanIPD&GID KDs Mean Factor 
loading 

Eigen
value 

Percenta
ge of 

variance 
explaine

d 

Cumulative 
percentage 
of variance 
explained 

FC1 Attitude-related factors 5.01  15.131 50.436 50.346 

KD19 Collaboration in design, construction works and 
engineering management 

 
0.785    

KD25 Ensuring effective communication among project 
participants 

 
0.785    

FC2 Technical-related factors 4.55  5.432 18.107 68.543 

KD3 Clash detection, integrating, coordinating and validating 
design 

 
0.760    

KD4 Predictive analysis of performance (thermal, energy, i.e., 
CO2) 

 
0.909    

KD5 Improving site layout and site safety  0.769    
KD8 Cooperation of simultaneous access of construction work  0.836    
KD9 Extracting cost estimation and quantity take off  0.887    
KD10 Coordination and planning of construction work  0.508    

KD13 Enhancing exchange of information and knowledge 
management 

 
0.700    

KD17 Improving facilities management i.e., operations and 
maintenance 

 
0.919    

KD18 Earlier and precise 3D visualisation of designs  0.786    

KD21 Elaborating BIM models for offsite prefabrication and shop 
drawings 

 
0.725    

KD22 Four-dimensional (4D) construction scheduling and 
sequencing (3D + time) 

 
0.886    

KD23 Accuracy and reliability of documents and data  0.839    
KD24 MEP simulation and analysis (HVAC)  0.886    
KD26 Structural analysis and design  0.547    
KD27 Acoustic (sound) simulation and analysis  0.569    

KD28 Five-dimensional (5D) cost estimation and scheduling (3D 
+ time + cost) 

 
0.903    

KD29 Predicting, simulating and analysing environmental 
conditions (airflow, weather) 

 
0.886    

FC3 Education and knowledge related factors 4.02  2.194 7.313 75.856 
KD11 BIM training  0.862    
FC4 Processes and regulations factors 4.51  1.323 4.411 80.267 
KD1 Integrating project documentation/bid preparation  0.895    
KD2 Adequate cost allocation to BIM  0.935    
KD14 Development of a legal framework for BIM  0.874    
KD15 Reduced risk of claims or litigation  0.949    
KD20 Boosting implementation of LC, and IPD  0.878    

KD30 Establishing BIM and LC standards, codes, rules and 
regulations 

 
0.873    

FC5 Project objectives related factors  4.76  1.083 3.610 83.877 
KD6 Reducing construction project cost  0.836    
KD7 Reducing construction project duration  0.741    
KD12 Improving quality and construction project performance  0.803    
KD16 Senior organisational management support  0.161    
Notes: - FCs= factor cluster(s); KDs=key driver(s) 
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The KMO value for the study’s PCA is 0.924, which shows an ‘excellent’ 

degree of common variance (Field, 2018; Green and Salkind, 2016; Siegel and 

Castellan,1988) and above the acceptable threshold of 0.50 (Field, 2018). Moreover, 

according to Field (2019) and Malhotra and Dash (2019), a KMO value close to 1 

indicates that a compact pattern of correlations and that the PCA will generate distinct 

and reliable clusters. The BTS analyses revealed a substantial test statistic value (Chi-

square, χ2 = 9408.945) and a small significance value (𝑝 = 0.000, degrees of freedom 

(df) = 345) which as argued by Field (2018) implies that the correlation matrix is not 

an identity matrix. Therefore, as the various requirements needed to proceed with a 

PCA have been met, the PCA can be applied in this study, for further investigation 

and discussion. This ensures the research can be conducted with better reliability and 

confidence. Six underlying clusters factors were extracted using PCA which represent 

85.877% of the total variance in responses (see Table 9) which is above the minimum 

threshold of 60% (Hair et al., 2010; Malhotra and Dash, 2019). 

The 30 LeanIPD&GID KDs are represented in one of the five underlying FCs, 

and all the factor loadings of each barrier factors are close to 0.5 or higher as 

suggested by (Malhotra and Dash, 2019). According to Hair et al. (2010) the higher 

the value of the factor loading of an individual factor (which is maximum of 1.0), the 

higher the significance of the factor to the underlying FCs. The factor loading values 

also reflect how each factor contributes to its underlying clusters factor (Hair et al., 

2010; Fang et al., 2004). The findings reveal a consistent and reliable factor loading 

and interpretation of the extracted individual factor. 

8.7.6 Discussion of key FCs after PCA 

The FCs are analysed in Figure 8. and ranked in descending order of 

significance towards interpreting the individual factors linked to them. An identifiable 
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and collective label is attached to each grouped factor of high correlation coefficients, 

which are themselves a cluster of individual factors. The factor clusters are ranked 

using their factor scale rating. The factor scale rating is the ratio of the mean of 

individual factors within a cluster divided by the number of factors in the cluster. 

Discussion of the key factor clusters focuses on the most significant three ranked FCs. 

Also, one of the purposes of employing the factor scale rating analysis is to highlight 

more significant FCs with relatively higher rating values for further discussion. The 

factor clusters representing the relationship among the underlying factors are 

designated with an identifiable and collective label to aid their description 

(Thompson, 2004). A metric known as factor scale rating was employed to rank the 

factor clusters in descending order of relevance (Hair et al., 2010). The factor scale 

rating (Table 9) adds up the mean scores of each underlying factor of each cluster and 

divides the total mean score by the number of the underlying factor (Thompson, 

2004).  
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Figure 8.10: Ranking results of the factor scale rating for key FCs (Evans et al., 
2021d) 

8.7.6.1 Attitude-related factors 

Factor cluster 1, comprises two KDs (KD19 and KD25) is the highest rated 

clustered factor with a factor scale rating of M= 5.01. This cluster is related to 

stakeholder attitude towards the adoption of LeanIPD (Evans et al. 2020a, b). This has 

led to a disproportionate level of implementation of BIM and LC practices in CMPs. 

Resistance to change impacts negatively on collaboration, communication, skills, 

knowledge, and the experience of project stakeholders as regards BIM and LC 

practices and its adoption in built environment. Hence, for the built environment to 

experience a full implementation of these concepts in CMPs, a significant change in 
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stakeholders’ attitude and perception to the uptake of BIM and LC practices is 

required. Despite the numerous advantages of implementing BIM and adopting LC in 

the built environment, there has been only slight development in its implementation in 

the MENA region. It is essential to bear in mind that a lack of management and client 

commitment and the perpetual factors of resistance to change still plays an important 

role in hindering the adoption of BIM and LC initiatives. Therefore, this research 

recommends that construction key stakeholders such as executive managers, clients, 

main contractors and engineering firms diminish their resistance and adopt 

collaborative dynamic and positive attitudes to change in the construction industry. 

Owners, clients and real-estate developers of CMPs are advised to be proactive in 

adopting BIM and LC approaches in their projects to improve LeanIPD&GID. 

8.7.6.2 Project objectives-related factors 

Factor cluster 5, comprises of four KDs (KD6, KD7, KD12 and KD16) with a 

factor scale rating of M = 4.76. Project objectives-related factors are related to 

construction firms’ hesitance to plan for future investments, challenges related to 

organisational policies and strategies, fragmented nature of the industry, and the 

difficulties in implementing BIM and LC in CMPs. The BIM concepts and LC 

principles, despite their revolutionary effects on the built environment still require 

integration of human efforts and strategies. Olawumi et al. (2018) revealed the lack of 

investment in most organisations, which has affected their adoption of smart 

sustainable practices. Antón and Díaz (2014) described the construction industry as a 

project-based sector. The availability of BIM and LC related software and data is 

pivotal to the decision-making process of project stakeholders; while the need for the 

government and professional bodies to subsidise the cost of procuring related BIM 

and LC practices software aids its adoption. Overall, the need for the development of 
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sound and effective strategies by construction firms and stakeholders towards the 

adoption of smart, sustainable practices cannot be overemphasised. Accordingly, to 

enhance the execution of BIM and LC practices in the construction industry, more 

effort needs to be deployed by key project stakeholders in ensuring interoperability 

and data compatibility (Evans et al., 2021c). Meanwhile, Evans and Farrell (2020) and 

Evans et al. (2020d) reiterated the need for clear understanding and evaluation of BIM 

and LC criteria in construction projects. There is a need to integrate BIM with LC 

assessment methods. Therefore, it is recommended for project stakeholders, 

organisations, professional bodies and various local authorities to work in 

synchronisation to enhance the project-related factors and improve the adoption of 

smart and sustainable practices in construction projects. 

8.7.6.3 Technical-related factors 

Factor cluster 2, comprises of seventeen KDs (KD3, KD4, KD5, KD8, KD9, 

KD10, KD13, KD17, KD18, KD21, KD22, KD23, KD24, KD26, KD27, KD28, and 

KD29) with a factor scale rating of M = 4.55. Technical related factors are related to 

technical issues such as clash detection, coordination, visualisation scheduling, cost 

estimates. Evans et al. (2020d) observed that technology-based products in 

construction industry advance faster and received more acceptance, although 

implementation issues relating to integration between BIM and LC and efficiency 

problems lag behind. Many problems that have led to poor application were identified 

and have either pivoted upon technical matters i.e., staff training, cost and 

interoperability of software. BIM is one of the smart technologies that contributes to 

the successful of delivery of construction of megaprojects; it boosts augmented reality 

and improves visualisation, detection of clashes, coordination and collaboration 

among project stakeholders. Utilisation of cloud technologies also boosts project 
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governance appliance (Alreshidi et al., 2016), while access to project information 

improves the adoption of LeanBIM practices. BIM has not yet achieved its full 

potential on construction projects due to a lack of commitment from project clients. 

8.8 Conclusion 

The built environment encounters substantial risk and challenges in its 

evolution towards sustainable development. International businesses, multinational 

AEC organisations, technical professionals, architecture, engineering, construction, 

project and portfolio management organisations face global connectivity challenges 

between business units, especially during the COVID-19 pandemic, to manage CMPs.  

That raises the need to manage global connectivity as a main strategic goal of global 

organisations. This research developed a competency framework, GID transformative 

initiatives and FOW global initiatives to manage the integration between BIM, LC 

and IPD on CMPs in contemporary multinational engineering organisations. Although 

BIM, LC and IPD principles are being increasingly adopted in the USA and other 

parts of the world, integration of LeanIPD&GID on CMPs in the MENA region has 

not begun. Despite the numerous advantages that integration of BIM, LC, IPD, 

LeanBIM, LeanIPD and LeanIPD&GID provides, no sign of its implementation nor 

integration can be identified in the MENA region. Moreover, no extensive research 

has been completed in this region. A total of 30 KDs to integrate LeanIPD&GID on 

CMPs were identified via a desktop literature review and factors outlined in a 

questionnaire which was ranked by 226 respondents from 23 countries who have 

direct and extensive experience in the construction industry. The survey participants 

came from diverse professional disciplines and organisational backgrounds, which 

lends credence to the data collected. The study conducted a comparative assessment 

of perceptions of study participants based on their organisational backgrounds 
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towards establishing patterns of difference. 

This research introduced a competency framework and FOW global 

initiatives. The research defined, redefined and conceptualised concepts have been 

introduced from an integrative perspective, such as BIM, LC, IPD, LeanBIM, 

LeanIPD and LeanIPD&GID transformative initiatives and corporate governance. 

The most significant KDs to integrate LeanIPD&GID on CMPs were ‘collaboration in 

design, construction works and engineering management,’ ‘coordination and planning 

of construction work,’ ‘senior organisational management support,’ ‘boosting 

implementation of LC, and integrating project delivery,’ and ‘earlier and precise 3D 

visualisation of designs.’ While least significant KDs were ‘acoustic (sound) 

simulation and analysis,’ ‘structural analysis and design,’ ‘BIM training,’ 

‘development of a legal framework for BIM,’ and ‘adequate cost allocation to BIM.’ 

Research then clustered KDs to five-factor clusters. PCA concluded that the most 

significant factor clusters were ‘attitude-related factors,’ ‘project objectives-related 

factors,’ and ‘technical-related factors.’ The motivation behind the study and the 

findings of the study aligns with previous work such as that by Evans et al. (2021c) 

and Evans et al. (2020d) who argued that on modern CMPs, evaluation should not be 

only on the use of smart tools in design, construction and operation, but on full 

integration between BIM, LC, IPD, LeanBIM, LeanIPD and LeanIPD&GID 

transformative initiatives and corporate governance. 

A profound research finding is that awareness of BIM in the MENA region is 

higher than LC, and LC awareness is higher than IPD knowledge. BIM adoption in 

the MENA region is higher than LC, while LC is still taking its first steps.  IPD is 

only slightly implemented in the MENA region. LeanBIM is slightly integrated, while 

LeanIPD integration is almost not present. The research proposed FOW global 
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initiatives that rests on three fundamental elements culture, place and tools. In the past 

people were often dedicated to individual workstations; while post-COVID-19 

thinking shifting the use of space to support groups and teams at a variety of 

workstations that will be technology enabled. The research also defined ‘work modes’ 

and elements of the ‘destination’ which is the FOW office elements: The Porch, The 

Park, The Lab, The Library and the Classroom. 

8.9 Recommendations 

Accordingly, the research comes to the following recommendations to 

industry key stakeholders, clients, governments, and key decision-makers to tackle 

barriers to integrate LeanIPD&GID on CMPs. Led by governments, parties in the 

construction industry should: (1) Provide and issue incentives, policies, regulations or 

legal frameworks to encourage the AEC industry to adopt and integrate BIM, LC, 

IPD, LeanBIM, LeanIPD and LeanIPD&GID transformative initiatives and corporate 

governance. (2) Raise client awareness of benefits and strategies to integrate LeanIPD 

towards GID amongst key stakeholders. (3) Raise awareness of senior managers and 

clients about commitment to an IPD, LeanIPD, approaches and GID, LeanIPD&GID, 

competency framework, and FOW initiatives. (4) Raise construction industry 

awareness about the advantages of the integration of LeanIPD&GID to minimise the 

resistance of industry to change from traditional procurement to LeanIPD&GID. (5) 

Adopt integration of LeanIPD&GID on CMPs and adopt pilot projects to provide 

successful examples of benefits gained through adoption of LeanIPD, and (6) Provide 

training programmes, technologies, infrastructure, and resources to Enhance the 

technical skills of architects, designers, and construction managers for managing 

challenges of integrating LeanIPD&GID on CMPs. 

The research identified the current underlying gap of literature of the 
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integrative nature of adoption of BIM, LC and IPD concepts and integration of 

LeanBIM, LeanIPD on CMPs. This research introduced a competency framework and 

FOW global initiatives in contemporary organisations and investigated integration 

between LeanIPD on CMPs towards FOW global initiatives in contemporary 

multinational AEC organisations. More research in this domain is still required, and 

frameworks for managing challenges to integrate LeanIPD&GID on CMPs is 

essential to create systems in which continuous improvement can be achieved in a 

well organised and efficient way, and conceptual combination developed to promote 

performance improvements. Academics may carry out studies and divide the MENA 

region to more manageable divisions such as country by country, or to GCC 

countries, Egypt, and North Africa, or carry out comparative studies of challenges 

integration of LeanIPD&GID on CMPs in GCC countries and the MENA. 

8.10 Originality/value 

The research findings, conceptualised LeanIPD&GID principles, a proposed 

competency framework and FOW global initiatives, provided future research streams 

and directions; the study has provided a competency framework and FOW global 

initiatives for effective practical strategies for enhancing integration of 

LeanIPD&GID transformative initiatives and corporate governance on CMPs and will 

allow project key stakeholders to place emphasis on boosting LeanIPD&GID KDs. 

8.11 Chapter summary 

The current presents a comprehensive review and critically apprises KDs to 

integrate LC and IPD towards FOW global initiatives. The following chapter develops 

frameworks for managing risk and challenges of integrating LC and IPD towards the 

GID transformative initiatives and corporate governance. 
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9. CHAPTER 9: STRATEGIC FRAMEWORKS FOR MANAGING 

RISK AND CHALLENGES OF INTEGRATING LEAN 

CONSTRUCTION AND INTEGRATED PROJECT DELIVERY 

ON MEGAPROJECTS, TOWARDS GLOBAL INTEGRATED 

DELIVERY TRANSFORMATIVE INITIATIVES AND 

CORPORATE GOVERNANCE9 

 
9.1 Chapter overview 

Built environment encounters substantial risk and challenges in its evolution 

towards sustainable development. International businesses, and multinational 

engineering organisations face global connectivity challenges between business units, 

especially during the outbreak of novel coronavirus pandemic (COVID-19) which has 

profoundly disrupted the construction industry throughout the world. That raises the 

need to manage global connectivity as a main strategic goal of multinational 

organisations. The research aim is to develop a strategic framework managing 

challenges of integrating lean construction (LC) and integrated project delivery (IPD) 

on construction megaprojects (CMPs) towards global integrated delivery (GID) 

transformative initiatives and corporate governance in multinational architecture, 

engineering, and construction (AEC) organisations. 

‘Mixed research methods’ involving a two-stage quantitative and qualitative 

research approach is adopted. The qualitative research methodology consists of a 

 
9 This chapter is derived and edited from: 

Evans, M., and Farrell, P., 2022. A strategic framework managing challenges of 
integrating lean construction and integrated project delivery on construction 
megaprojects, towards global integrated delivery transformative initiatives in 
multinational organisations. Journal of Engineering, Design and Technology, 
Vol. ahead-of-print No. ahead-of-print. 
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literature review to assess challenges to integrate LeanIPD&GID on CMPs. There is 

an assessment of conceptualisation of LeanIPD&GID and GID strategy placements, 

development of LeanIPD&GID integration framework, and future of work (FOW) 

global initiatives with multiple validations. The analysis involved semi-structured 

interviews and focus group techniques. Stage two consisted of an empirical 

questionnaire survey that shaped the foundation of analysis and findings of 190 

respondents from 23 countries with an extensive cosmopolitan experience of 

megaprojects in construction.  The survey examined a set of 20 challenges to integrate 

LeanIPD&GID on CMPs resulting from a detailed analysis of extant literature after 

validation. Descriptive and inferential statistical tests were exploited for data analysis, 

and percentage score analysis. 

The research conceptualised LeanIPD&GID principles, proposed GID strategy 

placements, frameworks for managing risk and challenges of LeanIPD&GID 

transformative initiatives and corporate governance, FOW global initiatives and key 

performance indicators (KPIs). It concluded that the most significant challenges to 

integrate of LeanIPD&GID on CMPs are ‘lack of governmental incentives, policies, 

regulations or legal frameworks,’ ‘lack of client’s awareness and IPD experience 

amongst key stakeholders,’ ‘lack of organisation’s senior-management and client’s 

commitment to IPD approaches,’ ‘resistance of industry to change from traditional 

procurement to IPD,’ and ‘lack of integrated synergies between LC, IPD working 

towards LeanIPD&GID.’ Awareness of building BIM in the MENA region is higher 

than LC, and LC awareness is higher than IPD knowledge. While BIM adoption in the 

MENA region is higher than LC, LC is still taking its first steps and IPD has little 

implementation. LeanBIM is slightly integrated, while LeanIPD integration is almost 

not present. 
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9.2 Introduction 

The construction industry encounters considerable risk and challenges in its 

evolution towards sustainable development (Evans et al., 2021d). There are global 

connectivity challenges between business units for international businesses, 

multinational architecture, engineering, and construction (AEC) organisations 

(including enterprises and corporations), technical professional, architecture, 

engineering, construction, project and portfolio management organisations, especially 

during the outbreak of the novel coronavirus pandemic 2019 (COVID-19) (Evans et 

al., 2021c). This pandemic has profoundly disrupted the construction industry 

worldwide and made it infinitely more difficult to manage construction megaprojects 

(CMPs) (Evans et al., 2021d). CMPs can be defined as temporary endeavours 

undertaken to create unique products, services, or results. CMPs can be characterised 

as large-scale, complex, ventures with typically a cost of USD value of one billion or 

more, involving multiple public and private stakeholders (Evans et al., 2021c). 

COVID-19 was first reported in the Chinese city of Wuhan in December 2019, and 

was recognised by China as a new virus in the third week of January 2020. The World 

Health Organization (WHO) initially described it as a Public Health Emergency of 

International Concern (PHEIC) at the end of January, and finally recognised it as a 

pandemic on March 11, 2020 (WHO, 2020). Factors that have made COVID-19 the 

worst pandemic in recent history include: rapid spread; heightened vulnerability 

among aged and low immune people; and differential recovery rates in different 

countries and age groups (Izumi et al., 2020). Engineering industry risk and 

challenges along with the disruptive health crisis of COVID-19 raises the need to 

manage global connectivity as a main strategic goal of global organisations through 

synergy of modern concepts in the  construction industry and through integration of 
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building information modelling (BIM), lean construction (LC), integrated project 

delivery (IPD), global integrated delivery (GID), LeanBIM [LC + BIM integration], 

LeanIPD [LC+ BIM+IPD integration], LeanIPD&GID [LeanIPD + GID integration] 

(Evans et al., 2021d). These issues raise the need to develop a strategic framework to 

manage challenges to integrate LC and IPD on CMPs towards GID transformative 

initiatives and corporate governance in multinational organisations. 

The pandemic caused by the newest strain of COVID-19 has sent global 

economies into a tailspin; there are numerous uncertainties due to measures taken to 

slow the spread of COVID-19 or to flatten the curve, and many challenges were 

experienced, particularly on CMPs (Evans et al. 2021c). Despite attempts to examine 

integration between BIM, LC and IPD in the built environment, limited studies have 

examined these concepts on CMPs in contemporary multinational engineering 

organisations (Evans et al. 2021b, Evans et al. 2021a). The current study is a 

continuation and progression of in-depth research. It critically appraises BIM, LC, 

IPD, LeanBIM, LeanIPD, LeanIPD&GID, competency behaviours, COVID-19 

impacts and responses, GID, future of work (FOW) transformative initiatives and 

GID transformative initiatives and corporate governance by Evans et al. (2021d), 

Evans et al. (2021c), Evans et al. (2021b), Evans et al. (2021a), Evans and Farrell 

(2020), Evans et al. (2020a), and Evans et al. (2020a). Despite the apparent benefits of 

adopting the IPD approach in the USA and many countries worldwide, its 

implementation in the Middle East and North Africa (MENA) region faces a number 

of challenges that limit its adoption on megaprojects (Evans and Farrell, 2020; 

Rached et al., 2014). Furthermore, uncertainties related to the severity and duration of 

the crisis make it hard to forecast how a recovery could unfold for the construction 

industry. Therefore, AEC organisations are constantly looking for best practices that 
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they can implement to ensure a smooth and better recovery from the pandemic. The 

uncertainties related to the coronavirus crisis severity and duration make it hard to 

forecast how a recovery could unfold for the construction industry. Therefore, AEC 

organisations are constantly looking for best practices they can implement to ensure a 

smooth and better recovery from the pandemic. For all the reasons mentioned above, 

this research is found to deliver a fundamental link to bridge the gap and to 

investigate the interrelated aspects of COVID-19 and CMPs, and drivers to integrate 

BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID on CMPs.  It offers industry 

and academia research guidelines, to manage challenges to integrate LC and IPD on 

CMPs towards GID transformative initiatives and corporate governance in 

multinational organisations. In the context of CMPs in contemporary multinational 

architecture, engineering, and construction (AEC) organisations, ROs are: -  

RO1: To define and critically appraise challenges to BIM, LC, IPD, LeanBIM, 

LeanIPD, and LeanIPD&GID; 

RO2: To develop frameworks for managing risk and challenges of integrating 

LC and IPD towards the GID transformative initiatives and corporate 

governance, and; 

RO3: To establish significance and relative weight of LeanIPD&GID 

challenges and key performance indicators (KPIs). 

The chapter is organised into eight sections. Section  0 introduces the topic. 

Section 0 is a literature review. Section 0 describes the research methodology. Section 

0 proposes a LeanIPD&GID framework. Section 0 provides the research analysis, 

findings, and discussion of results. Section 0 details the benefits of the LeanIPD&GID 

framework. Section Error! Reference source not found. presents the conclusions. F

inally, Section 0 recommendations.   
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9.3 Literature review 

A number of recent research studies have discussed BIM, LC, IPD, LeanBIM, 

LeanIPD, and LeanIPD&GID concepts, such as Evans et al. (2021d); Evans et al. 

(2021c); Evans et al. (2021b); Evans et al. (2021a); Evans and Farrell (2020). Moyo 

and Chigara (2021) determined barriers to LC implementation in developing countries 

and concluded that integration, performance, human capital management and quality 

are most significant barriers. Silverio and Suresh (2021) appraises the status of BIM 

implementation in the Dominican Republic (DR) construction industry; results 

confirmed that the DR has a low level of BIM implementation. Cooney et al. (2021) 

developed a BIM framework for heritage buildings. Evans et al. (2021c) investigated 

barriers to integrating LC practices and IPD on CMPs towards the GID transformative 

initiatives and corporate governance and develop FOW global initiatives in 

contemporary multinational AEC organisations. Ayodele and Kajimo-Shakantu 

(2021) studied challenges and drivers to data sharing among stakeholders in the South 

African construction industry. Adam et al. (2021) studied BIM readiness and 

awareness within the Seychelles construction industry. Evans et al. (2021b) 

investigated and introduced an analysis framework for the interactions of BIM and LC 

on construction megaprojects encountered by key stakeholders in their efforts to 

integrate BIM and LC. Othman and Youssef (2021) developed frameworks for 

implementing the IPD approach during the design process in architecture design firms 

(ADFs) in Egypt. Tai et al. (2021) examined factors affecting BIM application in 

China. Through a Delphi survey, Evans et al. (2021a) investigated critical success 

factors (CSFs) for adopting building BIM and LC practices on construction 

megaprojects. Babatunde et al. (2020) carried out a comparative analysis of drivers to 

BIM adoption among AEC firms in developing countries. Moses et al. (2020) 
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investigated and analysed salient issues on implementing 5D building BIM from the 

UK contractors’ perspective. There is little work focusing on integration between 

concepts. Evans et al. (2021d) attempted to define, critically appraise and 

conceptualise BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID concepts on 

CMPs in multinational organisations. Figure 1.1illustrates the hierarchy of integration 

of BIM, LC, IPD, LeanBIM, LeanIPD, LeanIPD&GID concepts Evans et al. (2021d). 

9.3.1 Global integrated delivery 

The ‘globally integrated enterprise’ (GIE) business model emerged from 

massive socioeconomic changes that were occurring throughout the world in the 

1990s. A key factor was the emergence of the Internet. There are some earlier 

contributions in the GIE intuitive by Palmisano (2006); International Business 

Machines Corporation IBM® (2006); and the Lisbon Council (2007). Maerki (2008) 

introduced IBM’s business model and strategy by explaining how the enterprise 

transformed from an international corporation model of the nineteenth century, to the 

multinational corporation model of the twentieth century. This was a response to 

globalisation, its subsequent impact of governance and technological advances in the 

nineteenth century. Lubowe et al. (2009) discussed comprehensive strategies for 

globally integrated operations. Bramante et al. (2010) discussed IBM’s case-study in 

transforming to GIE between 2000 and 2010. 

9.3.2 Integrated project delivery 

AIA/AIA CC American Institute of Architects and AIA California Council 

(2007) defines IPD as “a project delivery approach that integrates people, systems, 

business structures and practices into a process that collaboratively harnesses talents 

and insights of all participants to optimise project results, increase value to owners, 

reduce waste, and maximise efficiency through all phases of design, fabrication, and 
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construction.” Figure 1.2 shows the relationship among BIM, LC and IPD principles 

and GID transformative initiatives and corporate governance (Evans et al., 2021d). 

Principles of IPD, as its name suggests, is integration or collaboration between 

the different participants involved in projects. For efficient collaboration to take place, 

project delivery systems must encompass several core features, including: (1) early 

collaboration during design, (Allison et al., 2018), (2) alignment of interests and 

objectives among project parties in line with overall project objectives (AIA/AIA CC 

American Institute of Architects and AIA California Council, 2007), (3) trust and 

respect between parties and a ‘no-blame’ culture within projects (Evans et al., 2020b), 

(4) high levels of teamwork, communication and collaboration (Evans et al., 2020a), 

(5) processes and tools that encourage cooperation, for example, BIM (Evans et al., 

2021b), (6) pain-share/gain-share agreements (Evans et al., 2020b), (7) high levels of 

teamwork, communication and collaboration (Cohen, 2010), and (8) the employment 

of collaborative planning systems, such as ‘last planner systems’ (LPSs) for 

production planning and control (Ballard, 2000; Allison et al., 2018). 

9.3.3 Lean construction 

In the 1990s, recognised as an outcome of the Toyota Production System 

(TPS), lean manufacturing (or lean production) was established and implemented with 

significant achievements, and this led to the original uses of lean thinking in the 

construction industry (Ballard and Howell,1998; Koskela, 2000; Koskela et al. 2002). 

Liker (2004) described principles and behaviours that underlie the operational 

philosophy of the Toyota Motor Corporation. Since lean principles originally 

appeared as philosophies, it can be defined in many different ways in accordance with 

the purpose of the users (Forbes and Ahmed, 2010; Koskela et al., 2019). Lean in 

construction is described as a method to design construction systems to lessen waste 
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of time, materials, and effort in the interest of maximising possible project value 

(Sacks, 2013). 

9.3.4 Building information modelling 

BIM is defined as a digital representation of a facility illustrating accurate 

geometry and pertinent data used for supporting design, procurement, fabrication, and 

construction of projects (Sacks et al., 2018). Building information models also 

encompass exchangeable data or files used to assist communication and decision-

making processes (Evans et al., 2020c; Evans et al., 2021b). 

9.3.5 Existing LeanIPD&GID models and frameworks, and 

research gaps 

The current construction literature associated with the integration of BIM, LC, 

IPD, LeanBIM, LeanIPD, and LeanIPD&GID concepts is limited, and existing studies 

mainly focus on qualitative approaches. Miettinen and Paavola (2014) conducted a 

positioning literature study outlining developments and enhancements of this 

cooperation and proposed two conceptual frameworks, normative and the activity-

theoretical/evolutionary, where BIM can be utilised together with other management 

tools and project concepts. Rokooei (2015) affirmed that use of the BIM-based IPD 

approach supports project teams to keep track and review projects, make critical 

decisions, and resolve potential conflicts to enhance the project execution. In a 

theoretical approach to analysing the collaboration between IPD and BIM, Froese 

(2010) indicated that these two elements can lead to a comprehensive scheme that 

establishes meaningful and predictable relationships between time constraints, 

processes, and products. The studies as mentioned above suggest that past efforts 

using qualitative analyses supports the mixed-use of IPD, lean practices, and BIM to 

improve project performance. 
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In terms of quantitative approaches, the existing body of knowledge includes 

research mainly focusing on case studies about the feasibility of LC and IPD. Using a 

case study of the first IPD-implemented project, Autodesk headquarters in San 

Francisco, California (Kent and Becerik-Gerber, 2010) concluded that the application 

of IPD in the construction industry was, at the time, in its infancy, but the utilisation 

of BIM can assist IPD to be a more productive and valuable approach. Lee et al. 

(2015) used three real-world projects in California to assess project performance with 

the simultaneous implementation of IPD, lean principles, and BIM. Furthermore, 

many construction professionals and experts believe that BIM application will 

facilitate lean principles in expanding project performance (Evans et al., 2021a; Sacks 

et al., 2010). Taking into account the improvement of project performance, IPD and 

LC need to be utilised together with a view to improve reliability between project 

participants and increase true value for everyone (Evans et al. 2020c). 

Correspondingly, qualitative, and quantitative approaches in the current construction 

literature reinforce the integration of IPD and lean practices for managing challenges 

of integrating LC practices and IPD on CMPs. Different models for integrating the 

approaches in isolation or in pairs have been found in the literature. In total, fifteen 

relevant research were studied, as shown in Table 9.1.  
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Table 9.1: Existing BIM, LC, IPD, LeanBIM, LeanIPD, LeanIPD&GID models 
and frameworks 

Reference Area Main contribution 

Evans et al., 
2021d 

LC, BIM, IPD, 
GID 

Research introduced and conceptualised LeanIPD&GID 
transformative initiatives and recommended to develop 
frameworks for LeanIPD&GID on CMPs in AEC 
organisations.   

Evans et al. 
(2021b) 

LC 
BIM 

Analysis framework for the interactions between BIM and 
LC on CMPs. 

Othman and 
Youssef (2020) 

IPD Frameworks for implementing integrated project delivery 
in architecture design firms in Egypt. 

Phuong and 
Akhavian (2019) 

BIM 
IPD 
LC 

Synergistic effect of integrated project delivery, LC, and 
BIM on project performance measures: a quantitative and 
qualitative analysis. 

Elghaish et al. 
(2019) 

IPD 
BIM 

Cash flow system development framework within 
integrated project delivery (IPD) using BIM tools. 

Sarhan et al. 
(2019) 

Lean CSFs for implementing LC in KSA construction industry 
are divided into four clusters; autonomous, linkage, 
dependant, and driving clusters. 

Mollasalehi et al. 
(2018) 

BIM/Lean 
Maturity Model  

Performance of projects implementing BIM and Lean is 
assessed and analysed. 
 

Nascimento et al. 
(2017) 

BIM/Lean 
Methodology 

Methodology to improve production planning and control 
of pipe-rack modules. Results show improvements in 
prefabrication and preassembly planning, reductions in 
welding-time. 

Toledo et al. 
(2016) 

BIM/LPS Last Planner System (LPS) and BIM generates an increase 
in Percentage plan completed (PPC), a decrease in reasons 
for non-compliance, a shortening of the meeting durations, 
and a decrease in the total number of design requests for 
information (RFIs.) 

Sarkar (2015) 
 

IPD 
LC 

A framework for development of Lean Integrated Project 
Delivery Model for infrastructure road projects 

Miettinen and 
Paavola (2014) 

BIM 
 

Proposed two conceptual frameworks, namely, normative 
and the activity-theoretical/evolutionary 

Monteiro et al. 
(2014) 

IPD  Framework for the coordinated application of two different 
integrated project delivery platforms 

Ashcraft (2012) IPD IPD Framework defines the relationships among the project 
participants and the processes that guide their actions 

Sacks (2009) BIM 
LC 

Analysis framework for the interaction between LC and 
building information modelling 

Khanzode et al. 
(2006) 

Conceptual 
BIM/Lean 

Virtual design and construction (VCD) improve the Lean 
project delivery system (LPDS) when applied at the correct 
stages. Guidelines on linking BIM and LC are proposed. 

Notes: BIM= building information modelling, LC = lean construction, IPD= integrated project 
delivery, GID=global integrated delivery, LeanIPD&GID = LeanIPD&GID transformative 
initiatives 

 

9.3.6 Challenges of integrating LeanIPD&GID 

Evans et al. (2021c) examined barriers to integrating LC practices and IPD on 

CMPs. The in-depth literature review in their research highlighted that few studies 
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have been conducted to explore the challenges of implementing IPD in the 

construction industry in general. However, no specific focus was directed to integrate 

BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID concepts on CMPs in 

multinational organisations. During the course of this research, 20 challenges were 

extracted from an extant literature review Table 9.2. 

Table 9.2: Challenges to integrate LeanIPD&GID on CMPs 

Code Challenges to integrate LeanIPD&GID 

C1 Poor communication and spirit of collaboration between project stakeholders 
C2 Lack of client’s awareness and IPD experience amongst key stakeholders 
C3 Lack of integrated synergies between LC, IPD working towards LeanIPD&GID 
C4 Resistance of industry to change from traditional procurement to IPD 
C5 Lack of organisation’s senior-management and client’s commitment to IPD approaches  
C6 Lack of mutual benefits and rewards to project key stakeholders 
C7 Improper selection of IPD-oriented project teams 
C8 Lack of mutual respect and trust between project key stakeholders 
C9 Lack of knowledge and experience about using BIM as an appropriate technology for IPD 
C10 Lack of governmental incentives, policies, regulations or legal frameworks 
C11 Conflict due to multiparty agreement throughout project lifecycle 
C12 Lack of collaborative, innovative decision making 
C13 Lack of early involvement of project key participants  
C14 Lack of early goal definition for project stakeholders 
C15 Lack of intensified planning  
C16 Lack of open communication and discussion about goals and trust among all participants 
C17 Lack of organisational leadership 
C18 High initial investment to implement LC, BIM and IPD approaches 
C19 Low level of research in industry and academia 
C20 Shortage of cross-field specialists in BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID 
 
Notes:  
AIA/AIA CC American Institute of Architects and AIA California Council (2007); Cohen (2010); Azhar et al. 
(2014); Evans et al. (2021d), Evans et al. (2021c), Evans et al. (2021b), Evans et al. (2021a), Evans and Farrell 
(2020), Evans et al. (2020a), and Evans et al. (2020a); Hamzeh et al. (2019); Hamzeh et al. (2016); Othman and 
Youssef (2020); PMI (2021); Allison et al. (2018); Rached et al. (2014); Sacks et al. (2018); Ballard (2000) 

 

9.4 Research methodology 

This research adopted ‘mixed research methodologies’ involving descriptive 

and inferential statistics and an applied approach to achieve its aim and objectives 

(Farrell et al., 2016). Quantitative and qualitative techniques were used for data 

collection and analysis. Semi-structured face-to-face interviews and the focus group 

technique using video conference communications was adopted since it indicates a 
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high degree of reliability, high level of item response rate, and gives opportunities to 

interviewers to explain complex questions and mitigate inappropriate responses 

(Farrell et al., 2016). Semi-structured face-to-face interviews are discussions, usually 

one-on-one between interviewers and interviewees, meant to gather information on a 

specific set of topics, while focus groups are dynamic group discussions used to 

collect information (Harrell and Bradley, 2009). These strategies reduce the risk and 

bias and increases reliability and validity by verifying findings of data from one 

source with other sources (Fellows and Lui, 2015; Farrell et al., 2016; Bernard, 2000). 

According to Farrell et al. (2016) it is argued that the best studies comprise the 

analysis of both qualitative and quantitative data. The qualitative analysis may come 

first, speaking to people, teasing out issues and problems.  The quantitative analysis 

follows, using numerical data to test hypotheses. The researcher may then revert back 

to more qualitative data gathering to help in interpreting results and findings from the 

quantitative tests.  The review of the theory and the literature, at the early part of the 

study may be considered to be a qualitative analytical tool, although the review may 

also include some quantitative analysis.  Using both qualitative and quantitative 

approaches in a study can be called ‘mixed methods’ or ‘methodological 

triangulation’ (Clarke and Cresswell, 2008). Figure 9.1 demonstrates the research 

methodology stages.  
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Figure 9.1: Research methodology 

  

Stage 1: Qualitative research

Step 1.1: Literature review

Step 1.2: § Critically appraise existing BIM, LC, IPD 
models and frameworks

§ Test challanges to integrate LC, BIM, LeanBIM, 
IPD, LeanIPD and GID

Step 1.3 External validation
(Focus group & semi-structured interviews)

Step 1.4:  § Propose a conceptual LeanIPD&GID 
framework

Step 1.5: External validation of  conceptual 
LeanIPD&GID framework 

(Focus group technique & semi-structured 
interviews)

Stage 2: Quantitative research

Step 2.1: Survey design

Step 2.2: Pilot survey & identify participants

Step 2.3: Collect data

Step 2.4: Analysis, evaluation and discussion of 
results
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9.4.1 Stage 1: Qualitative research methodology 

The qualitative research method comprises a five-step approach as suggested 

by Farrell et al. (2016). Step 1.1 comprehensive literature review to define key 

parameters and criteria affecting challenges to integrate LC practices and IPD on 

CMPs in contemporary multinational AEC organisations. Step 1.2 define challenges 

to integrate LC, BIM, LeanBIM, IPD, LeanIPD and GID, also to examine the existing 

BIM, LC, and IPD frameworks. Step 1.3 based on the critical review, outcomes were 

piloted with eight industry expert practitioners and senior academic researchers 

through semi-structured face-to-face interviews and the focus group technique to 

validate determined challenges (Farrell et al., 2016; Taylor et al., 2015; Harrell, and 

Bradley, 2009). The response from professionals highlighted a lack of systematic 

exploration of all parameters in the literature, and mixing concepts from production, 

quality, sustainability, and safety, and led to a repeat of steps 1.2 and 1.3 for multiple 

validations. In step 1.4, there was conceptualisation, definition, and redefinition of 

BIM, LC, LeanBIM, IPD, LeanIPD and GID, LeanIPD&GID transformative 

initiatives and corporate governance and FOW global initiatives. Step 1.5 

encompasses multiple validations of concepts and GID strategy placements through 

semi-structured face-to-face interviews and the focus group technique. 

LeanIPD&GID framework were validated by ten professionals - six industry experts 

and four academic researchers - to qualify its relevance, correlation, logic, and 

importance to the construction industry, specifically to CMPs. 

The experts selected for both semi-structured interviews and the focus group 

represented senior-level construction industry practitioners and academics based in 

Qatar. Experts were selected based on more than fifteen years of experience of 

successful delivery of CMPs, the level of seniority in experience, proficiency in 
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project delivery methods, software familiarity, experience with various forms of 

contracts, and knowledge of BIM, LC, LeanBIM, IPD, LeanIPD and GID. The 

participants have construction experience in many other countries, including, Qatar, 

Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, Spain, UK, Canada and the 

USA. The participants have awareness of LC, IPD and LeanIPD. This indicated that 

their responses shape a suitable idea of the BIM, LC, LeanBIM, IPD, LeanIPD and 

GID, LeanIPD&GID transformative initiatives and corporate governance adoption on 

CMPs and its limitations. Care was taken to ensure that all ethical protocols were 

observed, including providing participants with an information sheet prior to 

interviews; this sheet assured all persons of confidentiality, and permissions were 

gained to digitally record the interviews, this is according to the University of Bolton 

(UoB) protocols (UoB, 2021). 

9.4.2 Stage 2: Quantitative research methodology 

Stage 2 involves a four-step quantitative research methodology. Step 2.1 

includes the design of a survey based on the literature review in Stage 1 of the 

research (Step 1.1 and 1.2). Step 2.2 involves the pilot survey and identification of 

respondents. Step 2.3 is the collection of data. Step 2.4 comprises analysis, evaluation, 

and discussion of results. Data collection was based on the literature review and 

survey questionnaire. Firstly, the literature review used textbooks, academic and peer-

reviewed journals, conference and seminar proceedings, dissertations and theses, 

organisations and government publications, to examine the nature of the construction 

industry, BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID. Secondly, results 

of a survey questionnaire conducted with a representative sample of professionals in 

CMPs were presented and analysed to investigate the perception of practitioners 

towards the challenges of the integration between BIM, LC and IPD towards GID 
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transformative initiatives and corporate governance.  

The literature review outcomes are piloted on five construction industry 

practitioners and three academics who specialised in construction management from 

Gulf Cooperation Council (GCC) countries during semi-structured face-to-face 

interviews, and via video conference communications (Farrell et al., 2016). 

Construction industry practitioners were asked to validate relevance of identified 

challenges and propose additional related parameters that were overseen. After a 

review of the responses of the preliminary test and making changes, the questionnaire 

was ready for formal testing (Farrell et al., 2016). Based on the results of data 

collection and data analysis, frameworks was developed for managing challenges to 

integrate LeanIPD working towards GID transformative initiatives and corporate 

governance in multinational AEC organisations; the LeanIPD&GID framework 

details are illustrated in section  0. 

9.4.3 Survey design 

The questionnaire was arranged into two sections. The first section was used 

to collect professional data on participants such as areas of expertise, relevant 

experience, current position within their organisations and the size of projects that 

they are involved in. Additionally, the degree of awareness of BIM, LC practices and 

IPD principles, and the extent of implementation and integration of BIM, LC, 

LeanBIM, IPD and LeanIPD on their largest current project (Tanner, 2018; Taylor et 

al., 2015). The second section reflected challenges to integrate LeanIPD&GID on 

CMPs that came from literature and interviews. The third section reflected the 

perceived opinions of correspondences about KPIs to integrate LeanIPD&GID 

(Farrell et al., 2016). Participants were asked to rate factors on a seven-point Likert 

scale: 0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or 
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don’t know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. Participants 

were given the opportunity to add any additional factors or remarks at the end of the 

questionnaire. Scores were developed on the Likert scale, developed by the American 

Psychologist Rensis Likert (1903-1981). The seven-point Likert scale has been shown 

to be more accurate, easier to use, and a better reflection of a respondent’s true 

evaluation. In light of all these advantages, even when compared to higher-order 

items, seven-point items appear to be the best solution for questionnaires such as 

those used in perception evaluations. Whether academic and industry practitioners are 

developing a new summative scale, a satisfaction survey, or a simple one-item post-

test evaluation item, accordingly, the research adopted to use a seven-point rather than 

a five-point scale (Farrell et al., 2016). 

Large sample size is important to obtain representative results. The population 

of this study comprised construction experts that have experience in BIM, LC, 

LeanBIM, IPD, LeanIPD and LeanIPD&GID on CMPs. Cochran’s sample size 

formula for categorical data (Cochran, 2007) was employed to establish the sample 

size that is seeking maximum possible responses within affordability. 

𝑛 =
(𝑡2) × (𝑝) × (𝑞)

(𝑑2)
  Equation 9.1 

where 𝑛 is initial sample size estimate, 𝑡 is confidence factor (1·96 for 

confidence level 0·95), 𝑝 is population proportion (0·5), 𝑞 is (1 − 𝑝) and d is margin 

of error (0·1). Upon calculating Equation 9.1 using assumed data (𝑡 = 1·96, 𝑝 = 0·5, 𝑞 

= 0·5, 𝑑 = 0·1) a sample size of 96 was determined. 

The responses were obtained through an online questionnaire designed using 

‘Google Forms’ and distributed using various tools, i.e., email, LinkedIn, WhatsApp 

and Microsoft Teams. To ensure compliance with ethical protocols, a note preceded 

questionnaire to provide guidance on aims and objectives of research, estimated 



 

355  

duration to complete, to assure participants of their anonymity and confidentiality, and 

to advise that reply was not compulsory. A research ethics checklist was also used to 

ensure there was no breach of institutional codes. It was deemed there was no 

requirement to refer data collection instrument for board approval, and informed 

consent was implied by participation. Requests were sent to 306 industry 

practitioners, and there were 190 (62%) replies from those with a variety of 

responsibilities such as owners, consultants, contractors and subcontractor 

organisations. Fellows and Liu (2015) indicated that “large number statistics require 𝑛 

≥ 32; and a usable data set of 100 responses for factor analysis;” given that 190 

responses were received, it is asserted that results from sample can be used to make 

valid inference back to the population. The requests were sent to construction industry 

practitioners in CMPs in Qatar, GCC countries, and the MENA region with good 

knowledge of BIM, LC, LeanBIM, IPD, LeanIPD and LeanIPD&GID (Farrell et al., 

2016, Hasson et al., 2000, Grisham, 2009). 

9.4.5 Data analysis statistical tools 

Structural equation modelling (SEM) was applied in this research extending to 

multivariant analysis methods and analysis of variance (ANOVA) (Williams et al., 

2004). Descriptive and inferential statistical analysis methods were employed in 

analysing the data collected in the course of the study. These include: (1) Cronbach’s 

alpha (α) reliability test (Cronbach, 1995); (2) mean score ranking and standard 

deviation (SD); (3) inferential statistical tests such as ANOVA, post-hoc Tukey tests; 

correlation analysis; and (4) Principal component analysis (PCA) (Fellows and Liu, 

2015; Field, 2018; Fang et al., 2004; LeBreton and Senter, 2008). In order to 

accomplish the research objectives IBM® SPSS® Statistics (SPSS) version 27, 

IBM® Amos version 27, Microsoft® Excel, and Microsoft® Word software were 
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used. Percentage score analysis is a score on a 0-100-point scale. According to Farrell 

et al. (2016) the percentage score for questions and individual participants can be 

calculated according to, for ease of interpretation. On the seven-point scale of 0 (very 

strongly disagree) to 6 (very strongly agree), very strongly disagree becomes 0% and 

very strongly agree becomes 100%. The intermediate points are 1 = approximately 

16%, 2 = 33%, 3 = 50%, 4= 67% and 5 = 84%. Similar principles are used in the 

multiple scoring scale (Farrell et al., 2016). An overall low percentage score thus 

indicates disagreement, and high score indicates agreement. 

9.5 Proposed conceptual LeanIPD&GID framework 

The research introduces LeanIPD&GID framework as an evolution of 

outcomes of numerous research by Evans et al. (2021d), Evans et al. (2021c), Evans 

et al. (2021b), Evans et al. (2021a), Evans and Farrell (2020), Evans et al. (2020a), 

and Evans et al. (2020a). LeanIPD&GID framework consisted of following elements: 

▪ BIM, LC, IPD, LeanBIM, LeanIPD, and LeanIPD&GID concepts (Evans et 

al., 2021d); 

▪ GID transformative initiatives and corporate governance, FOW global 

initiatives, and competency framework (Evans et al., 2021d); 

▪ BIM functionalities (Evans et al., 2021b);  

▪ LC principles (Evans et al., 2021b); 

▪ IPD principles (Evans et al., 2021c); 

▪ LeanIPD&GID processes flow, and 

▪ Key performance indicators (KPIs).  

 

Figure 9.2 illustrated components of the proposed LeanIPD&GID framework   
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Figure 9.2: LeanIPD&GID framework on CMPs in multinational organisations 
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towards corporate governance 

9.5.1 BIM, LC, IPD, GID, LeanBIM, LeanIPD and 

LeanIPD&GID concepts 

BIM, LC and IPD and GID concepts are redefined in the literature review 

section. Evans et al. (2021d) defined LeanBIM concepts as full integration between 

BIM and LC, LeanIPD concepts as full integration between BIM, LC (or LeanBIM) 

and IPD, while LeanIPD&GID concepts is full integration between BIM, LC, IPD (or 

LeanIPD) and GID transformative initiatives and corporate governance. Evans et al. 

(2021d) defined CMPs as “temporary endeavours undertaken to create unique 

products, services, or results. Megaprojects can be characterised as large-scale 

complex ventures with typically a cost of USD value of one billion or more, involving 

multiple public and private stakeholders.” This CMPs definition aligns with that of 

the PMI (2021) definition. 

9.5.2 GID transformative initiatives and corporate governance, 

FOW global initiatives, and competency framework 

Evans et al. (2021c) introduced GID transformative initiatives and defines 

pillars of GID strategy placements for LeanIPD&GID transformative initiatives and 

corporate governance, which consists of 4 core foundations: (1) GID basics, (2) 

culture and language, (3) tools, and (4) communication. Figure 9.3 demonstrates GID 

strategy placements (Evans et al., 2021c).   
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2021c).  

 

Figure 9.3: GID strategy placements (Evans et al., 2021c) 

Evans et al. (2021c) proposed locations of GID centres and the geographic 

region or market sector that centres cover is a strategic decision There are three main 

considerations to select GID centres (1) the market sector and availability of talent in 

the centre, (2) leverage of time zones to extend working hours with reasonable 

overlaps between GID centres and other business units, and (3) financial 

consideration to combine scalable solutions for competitive pricing. Evans et al. 

(2021c) divided the globe into 5 lead regions (1) America, (2) Europe, (3) Asia, (4) 

MENA and (5) Australia and New Zealand (ANZ). The research proposes five GID 

centres as the best fit that balance triple constrains thus: (1) Egypt, (2) India, (3) 
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Poland, (4) Malaysia, and (5) Philippines. There may be other locations on the globe 

that may balance triple constraints, so each AEC organisation should investigate 

possible options. Figure 9.4 demonstrates proposed global delivery centres (GDC) 

(Evans et al., 2021c). 

 

Figure 9.4: Proposed GDC locations [vector artwork design using Adobe® 
Illustrator software] (Evans et al., 2021c) 

 

Evans et al. (2021d) proposed the future of work global initiatives is 

transforming the behaviours, technologies and physical and virtual spaces as 

workplaces that influence working methods, creating modern, flexible work platforms 

tailored to people’s unique needs. To attract and retain world-class talent, the AEC 

industry must provide flexibility: this includes a choice-based, work-anywhere 

approach in addition to dynamic work environments that encourage and enable 

collaboration and connection. The FOW rests on a foundation of three elements – 

Culture, Place and Tools. Each of these elements is vital to creating effective work 

environments: - (1) culture of caring and inclusion is a foundation organisations can 

use to celebrate differences that drive collective strength; there is no limit to who 
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people can be and what they can achieve, (2) Place determines identity, imbues 

culture, and connects people; the future of work is people-centric and requires places 

that prioritise work activities that are group focused, and (3) tools workstream is 

dedicated to exploring and defining the digital infrastructure to allow us to create, 

capture, track and deliver solutions across our markets and lines of business to support 

an increasingly distributed workforce. Figure 9.5 demonstrates FOW strategies 

elements. 
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Figure 9.5: FOW strategies elements of culture, places and tools (Evans et al., 2021d) 
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Evans et al. (2021d) critically analysed FOW global initiatives and post-

COVID-19 thinking on CMPs and multinational organisations. The same authors 

introduced people-centric work platforms proposals and FOW concepts that divide the 

type of work in AEC organisations into five ‘work mode’ ranges from active to 

focused. The five ‘work modes’ are structured as follows: (1) learning/mentoring; 

group or one-on-one interactions, where employee training or learning takes place. (2) 

group/team; meeting places for group work, idea sharing and presentations. (3) social 

interaction; acts as a hub for both employees and surrounding community fostering 

social connections. (4) Decompress; where an employee can unplug, unwind, and 

seek respite from work, and (5) focused typically, individual, heads down tasks, 

where independent and deep work occurs. Figure 9.6 represents employee ‘work 

modes’ distributed by location and ‘the destinations’ where it is a physical and virtual 

way to work (Evans et al., 2021d).
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Figure 9.6:The ‘destinations’ and ‘work modes’ distributed by locations (Evans et al., 2021c,2021d)
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Evans et al. (2021d) introduced the competency framework which is a 

“collection of competencies needed for effective job performance in contemporary 

multinational engineering organisations.” The competency framework consists of 

twelve (12) organisation behaviours divided into two parts: core and leadership. Core 

behaviours apply to every employee in an organisation, while leadership behaviours 

applies to leaders. Figure 9.7 illustrates core and leadership behaviours. Table 9.3 

illustrates the competency framework (Evans et al., 2021d).  

 

Figure 9.7: Core and leadership behaviours (Evans et al., 2021d) 
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Table 9.3: Competency framework (Evans et al., 2021d) 

 Competency Core behaviours Leadership behaviours 
C

us
to

m
er

 fo
cu

s 
Building strong 
customer 
relationships and 
delivering customer-
centric solutions 
 

• Ask questions to identify 
customer needs accurately 

• Prioritise work based on 
customer requests 

• Follow-up with customers to 
ensure problems are solved 

• Benchmark customer feedback 
and satisfaction and provide 
innovative ideas to meet their 
future needs 

• Address gaps in the workgroup’s 
ability to meet emerging customer 
needs 

• Align business processes to 
customers specific needs 

• Adopt customer-focused 
environment 

B
us

in
es

s i
ns

ig
ht

 

Apply knowledge of 
business and 
marketplace to 
develop 
organisation’s goals. 

• Learn about KDs of the 
organisation’s business 

• Show interest in industry 
developments and trends 

• Understand how changes in the 
marketplace affect business 

• Use knowledge about business 
and industry to guide decisions 
and own works 

• Educate others on fundamentals of 
the business and industry 

• Apply insights of the industry and 
trends to drive critical initiatives 

• Use business knowledge and 
insights to guide the decisions and 
work of the organisation 

• Know the right responses to 
changing market dynamics and new 
business information. 

E
ns

ur
e 

ac
co

un
ta

bi
lit

y Hold self and others 
accountable to meet 
commitments 

• Communicate the status and 
completion of assignments.  

• Take responsibility for own 
actions.  

• Take responsibility for 
successes and failures in own 
work. 

• Follow through on 
commitments 

• Communicate the status and 
completion of assignments.  

• Take responsibility for own actions 
• Take responsibility for successes 

and failures in own work 
• Follow through on commitments 

Si
tu

at
io

na
l a

da
pt

ab
ili

ty
 

Adapt approaches 
and demeanours in 
real time to match 
shifting demands of 
different situations 

• Demonstrate flexibility of 
responses to different situations 

• Recognise cues that suggest 
changes in approaches or 
behaviours needed 

• Adapt to changing needs, 
conditions, priorities, or 
opportunities 

• Monitor how well approaches 
are working, and continuously 
improve them 

• Adapt priorities and shifts in 
response to the needs of clients or 
organisations 

• Adapt leadership style in responses 
to a broad range of different 
situations and challenges 

• Bring an approach to flexibility that 
becomes ingrained in the 
organisation’s structures, systems, 
and culture 

• Guide the organisation to remain 
flexible in a changing, competitive 
environment by being a role model 
for adaptability 

C
om

m
un

ic
at

e 
ef

fe
ct

iv
el

y 

Develop and deliver 
multimode 
communications that 
convey a clear 
understanding of 
unique needs of 
different audiences 

• Listen attentively to others’ 
insights, advices, and 
instructions 

• Clear, concise, and professional 
in communication 

• Share information and updates 
with others as needed 

• Prepare clear and thorough 
reports, documentation, and 
other written information 

• Adjust communication contents and 
styles to audiences and diverse sets 
of stakeholders 

• Practice active and attentive 
listening skills to verify 
understanding 

• Create opportunities for constructive 
dialogues within organisation 

• Communicate effectively to a wide 
variety of audiences at all 
organisational levels 
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V
al

ue
 d

iff
er

en
ce

s 

Adopt focus on 
diversity and 
inclusion 

• Behave with sensitivity toward 
differences in cultural norms, 
expectations, and ways of 
communicating 

• Challenge stereotyping or 
offensive comments 

• Seek out diverse perspectives 
and talents of others 

• Work effectively with others 
who have different perspectives, 
backgrounds, or styles  

• Create an environment in which 
differences are openly shared, 
embraced, and incorporated into the 
team’s activities 

• Sponsor and mentor people from a 
variety of backgrounds and 
perspectives 

• Adopt a culture that encourages and 
supports diversity and inclusion 

• Apply understanding of cultural 
differences to create values for the 
organisation 

St
ra

te
gi

c 
m

in
ds

et
 

See ahead to future 
possibilities and 
translate them into 
breakthrough 
strategies 
 

 • Clarify organisation’s vision and 
strategy, and ensure that efforts are 
prioritised to support them 

• Think beyond the day-to-day, taking 
a long-term, big-picture view of 
business 

• Explore future scenarios and 
possibilities to help the organisation 
respond to changes and shape the 
future 

• Develop and integrate 
organisational strategies to achieve 
and sustain competitive advantages 

B
ui

ld
 e

ff
ec

tiv
e 

te
am

s 

Build strong identity 
teams that apply 

their diverse skills 
and perspectives to 
achieve common 

goals 

 • Communicate clear goals and roles 
to team members 

• Ensure that teams have the right mix 
of skills and leverage the strengths 
of individual members 

• Build cohesive leadership teams that 
drives the goals and successes of 
organisation 

• Model teamwork by working 
effectively with other leaders 
throughout the organisation 

B
ei

ng
 r

es
ili

en
t 

Address needs for 
leaders to create an 
environment of 
resiliency in fast-
paced and complex 
operating 
environments  

 • Remain objective and calm when 
faced with adversities 

• Manage crises and volatile 
situations effectively 

• Show persistence in the face of 
adversity or obstacles, and 
encourage others to do the same 

• Display stability and resilience in 
the face of crisis to enable the 
organisation to remain focused and 
productive. 

C
ou

ra
ge

 

Step-up to address 
difficult issues (say 
what needs to be 
said) 

 • Confront tough organisational issues 
and disagreements 

• Deliver difficult messages directly 
• Confront actions that are 

inconsistent with the organisation’s 
core values 

• Lead the organisation through high-
stakes situations, crises, or 
conditions of uncertainties 

C
ul

tiv
at

e 
in

no
va

tio
n Create new and 

better ways for 
organisation to be 
successful 

 • Encourage others to address 
challenges in new and better ways 

• Create a culture that nurtures and 
rewards creativity and innovation. 

• Remove organisational barriers to 
creativity and innovation.  

• Challenge barriers to generate and 
implement breakthrough ideas and 
solutions 
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D
ri

ve
 v

is
io

n 
an

d 
pu

rp
os

e Paint compelling 
pictures of a vision 
and strategies that 
motivates others to 
action 

 • Build energy and optimism in others 
to benefit the organisation’s vision 

• Communicate the vision of the 
organisation in ways others can 
relate to 

• Ensure that others understand how 
their efforts and contributions make 
positive differences 

• Ensure clarity around the 
organisation’s vision, mission, and 
values. 

Source: - (Evans et al., 2021d) 

 

9.5.3 BIM functionalities 

Evans et al. (2021b) examined interactions between BIM and LC and 

concluded that there are numerous interactions between them and introduced a 

LeanBIM interactions framework; they also developed ten BIM functionalities as 

illustrated in Figure 9.8.  
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Figure 9.8: BIM functionalities (Evans et al., 2021b) 

 
9.5.4 LC principles 

Evans et al. (2021b) also defined, examined, and introduced ten LC principles. 

The research critically investigated LeanBIM and proposed four-LC principles’ areas 

and the four-BIM functionalities groups as illustrated in Table 9.4 and Figure 9.9.  
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Figure 9.9: LC principles (Evans et al., 2021b) 
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Table 9.4: The four-LC principles’ areas and four-BIM functionalities’ groups 
(Evans et al., 2021b) 

Code (𝟒𝑳𝑪, 𝑨) Code (𝟒𝑩𝑰𝑴, 𝑮) 

𝑳𝑪, 𝑨, 𝒌 The four-LC principles’ 
areas 𝑩𝑰𝑴, 𝑮, 𝒉 The four-BIM functionalities’ 

groups 
𝑳𝑪, 𝑨, 𝟎𝟏 Flow process area which 

could help in decreasing time 
and cost to achieve project 
objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟏 High visualisation for evaluation of 
designs to client value and conformity 
with predictive analysis of 
performance and early cost estimation 
which could help in increasing quality 
and decreasing cost thus achieving 
project objectives 

𝑳𝑪, 𝑨, 𝟎𝟐 Value generation process 
areas which could help in 
increasing quality and 
customer satisfaction as well 
as achieving project 
objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟐 Increased cooperation during design 
and construction via multi-user 
platforms to edit and view a single 
model, to help in increasing quality 
and decreasing time and cost, as well 
achieving project objectives 

𝑳𝑪, 𝑨, 𝟎𝟑 Problem-solving process 
areas which could help in 
decreasing time and cost as 
well as avoid disputes, 
leading to customer 
satisfaction and achieving 
project objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟑 Advanced control with on-line 
multidisciplinary communication and 
actual process status for projects 
on/off site during construction stages, 
which could help in increasing quality 
and decreasing time and cost, as well 
as avoiding disputes, thus leading to 
enhanced customer satisfaction and 
achieving project objectives 

𝑳𝑪, 𝑨, 𝟎𝟒 Developing partnering 
process areas which help in 
increasing quality and 
decreasing time and cost as 
well as avoiding disputes, 
leading to customer 
satisfaction as well as 
achieving project objectives 

𝑩𝑰𝑴, 𝑮, 𝟎𝟒 Integration with project partner 
databases (such as supply chains and 
subcontractors) which help in 
increasing quality and decreasing 
time and cost, as well as avoiding 
disputes, leading to customer 
satisfaction as well achieving project 
objectives 

Source: - (Evans et al., 2021b)  
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9.5.5 IPD principles 

Evans et al. (2021c) addressed the principles of IPD, and as its name suggests, 

is integration or collaboration between the different participants involved in a project. 

These principles are discussed in more details in the literature review section 

AIA/AIA CC American Institute of Architects and AIA California Council (2007). 

Figure 9.10 demonstrates IPD principles.  

 

Figure 9.10: IPD principles (Evans et al., 2021b) 
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9.6 LeanIPD&GID and corporate governance processes flow 

Lean thinking is about defining customer value, mapping the chain of value, 

establishing pull, creating flow, and finding the right problems to solve. Additionally, 

it focuses on developing people and consistent improvement, with the goal of waste 

reduction and value creation. CMPs are composed of diverse groups of companies, 

people and skill sets. Teams work well when they can become self-aware of processes 

and reflect on performance with a mind towards improvement. A focus on clearly 

defining value is important to establish teams in the right direction, which will allow 

owners to receive the value. Streamlined processes allow for efficient flow of 

information between team members, enabling final delivery of projects with least 

possible wasted time and effort, and least cost as possible. A constant drive to analyse 

and improve those processes allows teams to adapt and succeed in an ever-changing 

work environment. What makes LC important in IPD projects – LeanIPD – is that it 

creates a set of aligned financial terms between owners and design and construction 

LeanIPD&GID team members on CMPs. LeanIPD&GID transformative initiatives 

and corporate governance with financial alignment exposes many traditional 

communication and planning practices as wasteful and inefficient. To maximise the 

value of contract structures, teams require new work philosophies focused on 

efficiency and reliability. Teams look to lean as a management system and set of 

processes and mind-sets to create more efficient work systems. Figure 9.11 

demonstrates LeanIPD&GID processes flow.  
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Figure 9.11: LeanIPD&GID and corporate governance processes flow 

 

Evans et al. (2021d) conceptualised LeanIPD&GID transformative initiatives 

and corporate governance. These initiatives included BIM-4D, BIM-5D, A3 report, 

value stream mapping and cluster teams, multiparty agreement (MPA), LPSs, target 

value design (TVD), virtual design and construction (VDC), choosing by advantages 

(CBA), lean culture, set-based design (SBD), big room, and owner participation. 

LeanIPD concepts are the core of the integration framework for LeanIPD&GID 

transformative initiatives and corporate governance. The development of the 

framework was based on the results of the literature review and data analysis gathered 

from the survey questionnaire. The literature review showed there are numerous 

challenges obstructing LeanIPD&GID integration CMPs. The processes flow consists 

of three processes, namely: (1) define customer value; (2) use LeanIPD&GID 

streamlined processes; and (3) developing implementation plans. Table 9.5 

demonstrates LeanIPD&GID integration concepts.  

Continuous 
improvement

• Plan-Do-
Check-Adjust 
(PDCA)

• 5Whys

• Plus/Delta 
thinking

• Conduct 
construction 
retrospectives

LeanIPD&GID 
governance 
processes

• LPSs

• Pull planning

• Co-location

• BIM

• Information 
management

Define 
customer 

values

• Validation 
studies

• Set-based 
designs

• A3 thinking

• Choosing by 
advantages 
(CBA)

LeanIPD&GID

+

Corporate 
governance
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Table 9.5: LeanIPD&GID integration concepts 

# LeanIPD&GID key integration concepts 

1 
BIM-4D and 5D with five different levels: visualisation, coordination, constructability, fabrication/installation, and 
total cost of ownership 

2 A big room, co-location, small breaks, and track plan percent complete (PPC) 
3 Key performance indicators (KPIs) 
4 A3 reports or rainbow report 
5 Choosing by advantages (CBA) 
6 Project modification or innovation (PMI) 
7 Value stream mapping and cluster teams 
8 Last planner systems (LPSs) (e.g., pull planning, master scheduling, weekly work planning 

9 
Multiparty agreement (MPA) (Consensus-DOCS 300-2008, AIA document A195-2008, A295-2008, B195-2008) 
and single purpose entity (SPE) (AIA document C195-2008) 

10 Target value design (TVD) 
11 Virtual design and construction (VDC) 
12 Set-based design (SBD) 
13 Lean culture and other techniques (i.e., the “customer-supplier” viewpoint, plan do study act (PDSA), etc.) 
14 Collaboration (Clients, contractors, consultants, and key stakeholders) 
Notes:  
AIA/AIA CC American Institute of Architects and AIA California Council (2007); Cohen (2010); Azhar et al. (2014); 
Evans et al. (2021d), Evans et al. (2021c), Evans et al. (2021b), Evans et al. (2021a), Evans and Farrell (2020), Evans et al. 
(2020a), and Evans et al. (2020a); Hamzeh et al. (2019); Hamzeh et al. (2016); Othman and Youssef (2020); PMI (2021); 
Allison et al. (2018); Rached et al. (2014); Sacks et al. (2018); Ballard (2000) 

 

9.6.1 Define customer value 

To successfully deliver CMPs with minimal waste, project teams must clearly 

define customer expectations. To identify and document owner and other project team 

members’ values for successful projects, LeanIPD&GID teams can use the following 

lean practices: - 

Validation studies: validation studies are collaborative reports that capture the 

value propositions of owners as defined by the final business case, budgets, schedules, 

and programmes for projects.  LeanIPD&GID teams are included at the start of 

projects, often prior to finalisation of the business case of owners, and work to 

develop validation studies. Understanding why projects exist prior to developing 

conceptual designs gives teams freedom to explore diverse options to deliver value. 

Completed validation studies act as guides for project teams through design and 

construction processes to orient them back to the value proposition of owners. 
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• Set-based designs: set-based designs are concepts of advancing multiple 

designs to make the best decisions established on additional information 

gained from further design development. This results in teams having 

significantly more information during final decision-making processes. 

• A3 Thinking: A3 is a structured process of documenting problems, options, 

proposed solutions, and action plans on a single sheet of paper (A3 refers to a 

standard 11” x 17” sheet). This process first finds consensus around problem 

statements and in turn, helps to build consensus around proposed paths 

forward. A3s are developed collaboratively with all project stakeholders. 

Choosing by Advantages (CBA): CBA is systematic decision-making 

processes that focuses on the advantages of options. These processes are particularly 

useful when trying to reach a consensus in a large group of people with different goals 

and values. Unlike systems focused on assessment-based pros and cons, CBA 

recognises that cons could also be an advantage for one or more other options. 

9.6.2 LeanIPD&GID and corporate governance processes 

Unlike traditional processes for communication and accountability that contain 

inherent waste, lean processes help project teams level workloads and reduce waste. 

LeanIPD&GID streamlined processes include: 

• Last planner systems (LPSs): LeanIPD&GID teams use the five connected 

conversations of LPSs to manage activities from early feasibility studies 

through construction and commissioning. CMPs are started with high-level 

milestones, then phase pull plans are created as work proceeds. Look-ahead 

planning, weekly work planning, and learning (measured through percent plan 

complete and variances) are implemented to manage weekly work of teams. 
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• Pull planning: is a component of LPSs, and a process many teams use to start 

lean implementation. Pull planning is a powerful way to get designers and 

trade contractors to make commitments and help schedule design and 

construction works. Project team members start with a milestone and then 

work backward logically to determine all steps needed to complete work and 

all dependencies between steps. These processes can breakdown 

communication challenges and build collaboration between team members. 

• Co-location (big room): Helps align teams and increases collaboration by 

having all stakeholders work in the same office. While large LeanIPD&GID 

teams can co-locate for extended periods on projects, smaller projects can co-

locate for shorter sessions (e.g., one day every two weeks) or by using online 

tools. 

• Building information modelling: BIM is used during design and construction 

for coordination, prefabrication, scheduling, cost estimating, and facilities 

management.  

Information management: is used to prevent waste in flow and control of 

information, and have teams develop, document, and display processes for using and 

sharing project information. It implements a central storage point for each type of 

project information (e.g., using cloud-based documentation platforms and systematic 

naming structures) 

9.6.3 Continuous improvement 

Successful, high-performing teams remain committed to continuous improvement on 

projects. Teams need to be self-aware of their processes and be able to reflect and 
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improve processes when there is breakdown. It is suggested teams use the following 

LeanIPD&GID tools to encourage and commit to continuous improvement: 

• Plan-Do-Check-Adjust (PDCA): PDCA is a four-step process. It creates 

feedback loops for teams to assess their ability to achieve specific outcomes. 

These processes are implemented with expected outcomes, which is then 

measured against actual outcomes. If there is variance between the expected 

and actual outcomes, teams conduct a deep dive to uncover any issues. During 

the deep dive, teams will also develop counter measures to integrate into 

revised processes. 

• 5 Whys: The goals of the 5 Whys processes are to discover the root cause of 

why teams may not achieve expected outcomes. This process involves asking 

“why?” five times, each time drilling into why previous activities occurred. 

Once teams discover root causes, they should find counter measures to, 

prevent similar issues arising in the future. 

• Plus/Delta Thinking: are methods of assessing what has or has not gone well 

on projects. A Plus is something that went well and should be repeated, while 

a Delta is something that did not go well and should be improved. To conduct 

a Plus/Delta, teams should take five minutes, or less, to list ‘Plus/Delta’ at the 

end of each meeting or event. Next, have teams assign each Delta to a specific 

individual to resolve, with an action plan and commitment for completion. 

Conduct construction retrospectives: to assess progress during construction, 

conduct mid-construction retrospectives to see what went well, what did not, and to 

make any identified countermeasures to construction processes. Use surveys as a tool 

to conduct these retrospectives and receive feedback from teams about how they feel 

projects are going and to help develop countermeasures to forecast potential problems 
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ahead. At the end of the warrantee period, have teams look back at the entire project 

for an end-of-construction retrospective and see what went well and where there could 

have been improvement. 

9.7 Key performance indicators 

The outcome of the literature review organised measures towards 

LeanIPD&GID transformative initiatives and corporate governance into six categories 

as follows: (1) value and continuous development, (2) customer satisfaction and waste 

elimination, (3) communication and achievement metrics, (4) interrelationship 

improvement, (5) information transmission and transparency, and (6) true cooperation 

and trust. 

9.8 Research analysis, findings, and discussion of results 

The research adopted SEM and series of descriptive and inferential statistics 

procedures to analyse the dataset composed from the ‘survey.’ This section discusses 

the results of the data collected via the questionnaire surveys and the findings of the 

statistical tools employed in the study 

9.8.1 Summary of respondent demographics 

This sub-section describes and analyses the study’s questionnaire survey, 

regarding the respondents’ demographics. The respondents are from 26 countries 

working under diverse organisational types. The majority of survey participants are 

from consultant organisations (70, 36.84%), with the remaining respondents from 

contractors (66, 34.74%), clients (35, 18.42%) and academics (19, 10.00%). The 

diversity of the respondents’ groups allows the capture of differing views from 

different perspectives. Moreover, on average, the respondents had more than fifteen 

years of working experience in construction. This result explains the fact that the 

respondents not only have theoretical knowledge of operations in the AEC industry, 
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but they have brought such knowledge into practice. Respondents were classified 

according to their career level: senior management (6, 3.16%), manager (41, 21.58%), 

senior level resident engineer or client’s consultants (90, 47.37%), mid-level 

engineering (33, 17.37%) and junior level engineering (20, 10.53%). 

Meanwhile, respondents were asked about their level of awareness of BIM 

concepts and processes; the findings revealed the level of knowledge of BIM as 

follows: - (1) experts (27, 14.21%); (2) very knowledgeable (30, 15.79%); (3) good 

knowledge (36, 18.95%); (4) some knowledge (65, 34.21%); (5) little knowledge (19, 

10.00%); and (6) no knowledge (13, 6.84%). Figure 9.12 demonstrates awareness of 

BIM, knowledge of LC and knowledge of IPD. Respondents were asked about their 

level of awareness of LC practices; the findings revealed the level of knowledge of 

LC as follows: - (1) experts (15, 7.89%); (2) very knowledgeable (17, 8.95%); (3) 

good knowledge (19, 10.00%); (4) some knowledge (58, 30.53%); (5) little 

knowledge (47, 24.74%); and (6) no knowledge (34, 17.89%). Respondents were 

asked about their level of awareness of the IPD; the findings revealed that the level of 

knowledge of IPD as follows: - (1) expert (11, 5.79%); (2) very knowledgeable (12, 

6.32%); (3) good knowledge (15, 7.89%); (4) some knowledge (26, 13.68%); (5) little 

knowledge (67, 35.26%); and (6) no knowledge (59, 31.05%). Results reflected that 

awareness of BIM in the MENA region is higher than LC, and LC awareness is higher 

than IPD knowledge. Percentage score analysis conducted on respondents of survey 

and showed percentage score as follows: awareness of BIM = 53.89%, knowledge of 

LC = 38.21%, knowledge of IPD = 28.11% and an average percentage score = 

40.07%. these results indicate that the awareness of BIM is above average while 

knowledge of both LC and IPD still below average. 
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Figure 9.12: Awareness of BIM, knowledge of LC and knowledge of IPD 

Respondents were, also, asked about the extent of implementation and 

integration of BIM, LC, LeanBIM, IPD, and LeanIPD in their largest current 

project(s). Results reflected that BIM adoption in the MENA region is higher than 

LC, while LC is still taking its first steps while IPD is very slightly implemented in 

the MENA region. Results also revealed that LeanBIM is slightly integrated, while 

LeanIPD integration is almost not present. Figure 9.13 illustrates extent of 

implementation/integration of BIM, LC, LeanBIM, IPD, and LeanIPD on 

respondent’s current project(s). Percentage score analysis conducted on respondents 
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of survey and showed percentage score as follows: (1) extent of BIM implementation 

= 65.53%, (2) extent of LC implementation = 51.84%, (3) extent of LeanBIM 

integration = 41.32% , (4), extent of IPD implementation = 29.34%, and (5) extent of 

LeanIPD integration= 23.16%, while average percentage score = 42.24%; these 

results indicate that extent of implementation of BIM and LC above average while 

extent of IPD implementation and LeanBIM and LeanIPD integration are below 

average.   
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Figure 9.13: Extent of implementation/integration of BIM, LC, LeanBIM, IPD, 
and LeanIPD on respondent’s current project(s) 
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Respondents were classified according to the scale of their largest current 

project(s) to: (1) megaproject(s) (> 1billion USD) (186, 80.87%), (2) large-scale 

project(s) (>500 million to 1 billion) (24, 10.43%), (3) medium-scale project(s) (>100 

M to 500 M) (10, 4.35%), (4) small-scale project(s) (>50 M to 100 M) (5, 2.17%), and 

(5) research or project(s) < 50 M (5, 2.17%). The survey participants have 

considerable professional experience in construction industry with (65) 28.26% of the 

respondents having more than twenty years working experience, the next (45) 19.57% 

of the respondents have between sixteen to twenty years working experience, while 

(58) 25.22% of the respondents have between eleven to fifteen years of experience, 

the next (47) 20.43% of the respondents have five to ten years of experience, and (15) 

6.52% of the respondents (15) have less than 5 years of experience. Respondents were 

classified according to the type of the largest current project to: (1) infrastructure 

(101, 43.91%), (2) metro/light rail transit (LRT) (95, 41.30%), (3) building (24, 

10.43%), (4) industrial (4, 1.74%), and other types of projects (6, 2.61%). 

Respondents were classified according to the type of contract or procurement on their 

largest current project(s) to: (1) lump sum contracts (26, 11.30%), (2) measurement 

contracts (3, 1.30%), (3) cost reimbursed contracts (3, 1.30%), (4) design and build 

(DB) procurement (190, 82.61%), and other types of contracts (8, 3.48%). 

The lead researcher consulted with industry professionals via semi-structured 

face-to-face interviews via video conference communications in the MENA region 

about GID implementation. Research concluded that some international AEC 

organisations working on megaprojects are implementing GID through coordination 

with different branches to create BIM models and architectural, structural and MEP 

designs, and taking advantages of the cost savings and improve project financials 

combining scalable costs and time zone benefits. International AEC organisations are 
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taking advantage of carrying out designs in various branches in the MENA to 

distribute work and financial advantages. Also, international AEC organisations try to 

take advantages of cost benefits and time zone benefits in branches in Australia, India, 

the Philippines and GCC regions. For a decade, some giant local AEC organisations 

have started to create branches overseas for mainly AutoCAD® drafting and later 

BIM production in the Philippines, Egypt, and some extended locations in the GCC to 

attain cost savings. Research also revealed that attempts to take advantages of GID are 

still at their start, and focus on cost saving in BIM and production only, but does not 

yet reach implementation, nor integration between the three principles BIM, LC, 

LeanBIM, IPD, and LeanIPD on CMPs. 

9.8.2 Reliability testing 

‘Cronbach’s α’ reliability test was engaged in assessing the questionnaire tools 

and scale reliability to confirm that it gauges the accurate hypothesis and assesses its 

internal consistency. The Cronbach’s α value for the survey was 0.948, and the scale 

is therefore found to be highly internally reliable. Furthermore, the ‘Shapiro-Wilk’ 

test for normality was undertaken to work out the distribution of the dataset, and 

whether there is normal distribution or not. The significance value (𝑝 − 𝑣𝑎𝑙𝑢𝑒) of the 

Shapiro-Wilk test is greater than 0.05; the data complies with the normal distribution 

9.8.3 Structural equation modelling 

SEM applied in this research extending multivariant analysis methods, and 

including regression, factor analysis, correlation, and ANOVA. Figure 9.14 shows 

structural equation model depicting relationships between KDs as independent 

variables (IV) and respondent’s organisation set-up as dependant variables (DV)   
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Figure 9.14: SEM depicting relationships between challenges and respondent’s 
organisational setup [IBM® SPSS® Amos 27] 

9.8.4 Descriptive statistical and percentage score analysis 

Percentage scores are indicated on a 0-100-point scale. The percentage score 

for questions and individual participants are calculated. Challenge 10 (C10) has the 

most significant percentage score; it has an overall mean score of 4.99 [equivalent to 
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83.25%], given a range of 0 to 6. The percentage score values of ‘all respondents’ was 

calculated for all challenges and included in Table 9.6; it ranges from [68.51%, C1] to 

[83.25%, C10]. The most significant challenge resulting from percentage score 

analysis matches the outcomes of ranking the means used earlier. 
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Table 9.6: Percentage score for challenges to integrate LeanIPD&GID on CMPs 
 min max                   

Respondent, n=  190                   

Criterion =  20 7-point Likert scale                

score scale= 0 6          
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to
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Worst score=  0           
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Best score=  120           
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 C1 C2 C3 C4 . . C17 C18 C19 C20        

 Minimum score for 20 challenges= 0*20 = 0. Maximum score = 6*20=120 

C
ou

nt
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SD
 

Respondent 0 = very strongly disagree, 1 = strongly disagree, 2 = disagree, 3 = not sure or don’t 
know, 4 = agree, 5 = strongly agree and 6 = very strongly agree. 

1 2 6 5 5 . . 5 2 3 5 20 82 4.10 68.33% 5 5 2 6 4 1.29 
2 3 5 3 3 . . 3 3 2 3 20 64 3.20 53.33% 3 3 2 6 4 1.01 
. . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . .  . 

189 5 5 6 5 . . 5 4 5 5 20 102 5.10 85.00% 5 5 5 6 1 0.31 
190 5 3 5 5 . . 5 5 4 5 20 100 5.00 83.33% 5 5 5 5 0 0.20 

Count 190 190 190 190 . . 190 190 190 190           

Sum for each 
participant 781 933 905 914 

. . 
900 794 791 869           

Mean 4.11 4.91 4.76 4.81 . . 4.74 4.18 4.16 4.57           

Percentage% 68.51
% 

81.84
% 

79.39
% 

80.18
% . . 78.95

% 
69.65

% 
69.39

% 
76.23

% 

   75.39%       

Median 5 5 5 5 . . 5 5 5 5           

Mode 5 5 5 5 . . 5 5 5 5           

Minimum 2 3 3 3 . . 3 2 2 3           

Maximum 6 6 6 6 . . 6 6 6 6           

Range 4 3 3 3 . . 3 4 4 3           

SD 1.100 0.808 0.955 0.882 . . 0.951 1.117 1.141 1.030           
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Mean scores were used as a basis of ranking the twenty LeanIPD&GID 

challenges and if two or more elements had an identical mean score μ, the standard 

deviation (SD) is employed in the ranking. Descriptive analysis of ‘variance’ was also 

considered. Mean score values of the survey for 20 LeanIPD&GID integration 

challenges is indicated in Table 9.7.  

Table 9.7: Challenges to integrate LeanIPD&GID on CMPs: inter-group 
comparison 

LeanIPD&
GID 
challenges 

Consultants Contractors Clients Academics Overall 
𝑭 𝑺𝒊𝒈. 

𝝁 𝑹 𝝁 𝑹 𝝁 𝑹 𝝁 𝑹 𝝁 𝝈 
% 

score 𝑹 

C1 3.97 19 4.33 20 3.91 20 4.21 16 4.11 1.100 68.51% 20 1.719 0.165 
C2 5.00 2 4.92 4 4.74 2 4.84 2 4.91 0.808 81.84% 2 0.837 0.475 
C3 4.79 4 4.82 6 4.69 3 4.63 4 4.76 0.955 79.39% 5 0.280 0.840 
C4 4.79 4 4.97 1 4.69 3 4.58 5 4.81 0.882 80.18% 4 1.413 0.240 
C5 4.83 3 4.94 3 4.69 3 4.79 3 4.84 0.842 80.61% 3 0.722 0.540 
C6 4.34 13 4.77 10 4.29 12 4.42 6 4.49 1.048 74.82% 13 2.597 0.054 
C7 4.70 7 4.59 13 4.46 8 4.32 10 4.58 1.070 76.32% 8 0.834 0.477 
C8 4.10 17 4.44 17 4.11 15 4.37 7 4.25 1.121 70.79% 16 1.294 0.278 
C9 4.67 8 4.82 6 4.60 7 4.32 10 4.67 0.959 77.89% 7 1.462 0.226 
C10 5.03 1 4.97 1 5.00 1 4.95 1 4.99 0.678 83.25% 1 0.118 0.950 
C11 4.54 9 4.67 11 4.46 8 4.21 16 4.54 1.001 75.61% 10 1.121 0.342 
C12 4.49 10 4.67 11 4.37 11 4.32 10 4.51 1.027 75.18% 12 0.963 0.412 
C13 4.20 14 4.41 19 4.03 18 4.16 18 4.24 1.128 70.61% 17 0.967 0.410 
C14 4.19 15 4.50 15 4.17 14 4.32 10 4.31 1.104 71.75% 14 1.133 0.337 
C15 4.49 10 4.80 9 4.26 13 4.37 7 4.54 1.021 75.70% 10 2.667 0.049 
C16 4.14 16 4.53 14 4.09 16 4.11 19 4.26 1.152 71.05% 15 1.858 0.138 
C17 4.79 4 4.86 5 4.63 6 4.32 10 4.74 0.951 78.95% 6 1.872 0.136 
C18 3.97 19 4.44 17 4.06 17 4.26 15 4.18 1.117 69.65% 18 2.217 0.088 
C19 3.99 18 4.47 16 4.03 18 4.00 20 4.16 1.141 69.39% 19 2.504 0.061 
C20 4.49 19 4.82 20 4.40 20 4.37 16 4.57 1.030 76.23% 20 2.026 0.112 

Average percentage scoring = 75.39%    

Note: μ =Mean; 𝑅 =Rank; σ =Standard Deviation; Sig = Significance “𝑝”; F= ANOVA F test ‘group means significance’ 
 

 

For the 20 challenges identified, the overall mean values range from μ = 4.11 

to μ =4.99. Mean scores for the twenty (20) identified LeanIPD&GID challenges in 

the survey ranges by ‘all respondents’ from [μ1 = 5.11, and σ1 = 1.100] for ‘C1: poor 

communication and spirit of collaboration between project stakeholders’ to [μ10 = 

5.99, and σ10 = 0.678] for ‘C10: lack of governmental incentives, policies, regulations 

or legal frameworks.’ Table 9.8 demonstrates a summary of the significant 

LeanIPD&GID challenges ranked in descending order. Results shows that ‘all 
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respondents’ rated the most significant challenges as follows: - 

1. C10: lack of governmental incentives, policies, regulations, or legal 

frameworks 

2. C2: lack of client’s awareness and IPD experience amongst key stakeholders 

3. C5: lack of organisation’s senior-management and client’s commitment to 

IPD approaches 

4. C4: resistance of industry to change from traditional procurement to IPD 

5. C3: lack of integrated synergies between LC, IPD working towards 

LeanIPD&GID 
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Table 9.8: Summary of the significant LeanIPD&GID challenges ranked in 
descending order 

Code LeanIPD&GID challenges Ranking 

C10 Lack of governmental incentives, policies, regulations, or legal framework 1 

C2 Lack of client’s awareness and IPD experience amongst key stakeholders 2 

C5 
Lack of organisation’s top-management and client’s commitment to an IPD 
approach 

3 

C4 Resistance of industry to change from traditional procurement to IPD 4 

C3 Lack of integrated synergy between Lean Construction (LC) thinking towards IPD 5 

C17 Lack of organisational leadership 6 

C9 
Lack of knowledge and experience about using BIM as an appropriate technology 
for IPD 

7 

C7 Improper selection of IPD-oriented project team 8 

C20 Shortage of cross-field specialists in LC, BIM, IPD, LeanBIM and LeanIPD 9 

C15 Lack of intensified planning  10 

C11 Conflict due to multiparty agreement throughout the project lifecycle 11 

C12 Lack of collaborative, innovative and decision making 12 

C6 Lack of mutual benefits and rewards to project key stakeholders 13 

C14 Lack of early goal definition for project stakeholders 14 

C16 
Lack of open communication and discussion about goals and trust among all 
participants 

15 

C8 Lack of mutual respect and trust between project key stakeholders 16 

C13 Lack of early involvement of project key participants  17 

C18 High initial investment to implement Lean Construction, BIM and IPD approach 18 

C19 Low level of research in industry and academia 19 

C1 Poor communication and spirit of collaboration between project stakeholders 20 

 

9.8.5 LeanIPD&GID key performance indicators matrix 

To measure the integration of LeanIPD&GID on CMPs in multinational AEC 

organisations. Popular dependent variables align with KPIs promoted by Constructing 

Excellence (UK) (Quinn, 2018), e.g.  client satisfaction, cost predictability, time 

predictability, quality, or safety. A proposed KPIs matrix is introduced; the matrix 

measured client perceived benefits, values and satisfaction due to the integration of 

LeanIPD&GID in nine areas: (1) cost predictability; (2) time predictability; (3) 

quality of product; (4) client satisfaction with product; (5) client satisfaction with 



392 

 

 

service; (6) client satisfaction with value for money; (7) minimisation of defects at 

handover; (8) perception of sustainability outcomes; and (9) health and safety 

performance during construction. Respondents were requested to rate the extent their 

current projects meet client objectives in the context of LeanIPD&GID on MCPs in 

multinational organisations on a seven-point Likert scale: 0 = no extent, 1 = little 

extent, 2 = some extent, 3 = not sure or don’t know, 4 = good extent, 5 = greet extent 

and 6 = very great extent. All respondents considered that clients perceive benefits in 

nine of these KPIs to a great extent. Table 9.9 illustrates KPIs percentage score 

analysis and significance. Percentage score of nine question KPIs on a scale 0 to 6 

varied from 68.16% to 73.60%. the most significant KPI is ‘cost predictability,’ while 

the KPI that received the least significant was ‘client satisfaction with the product.’  
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Table 9.9: KPIs percentage score analysis and significance 
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KPI_1 KPI_2 KPI_3 KPI_4 KPI_5 KPI_6 KPI_7 KPI_8 KPI_9 

Minimum score for 9 questions = 0*9 = 0. Maximum score = 6*9=54 
0 = no extent, 1 = little extent, 2 = some extent, 3 = not sure or don’t know, 4 = good extent, 5 = greet extent 
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Rank 1 2 3 9 8 5 4 6 7 
1 5 5 4 5 5 5 5 5 5 
2 5 5 5 5 4 5 4 5 5 
. . . . . . . . . . 
. . . . . . . . . . 

189 5 5 5 6 5 5 6 5 5 
190 5 5 5 5 5 5 5 5 5 

Count 190 190 190 190 190 190 190 190 190 
Sum for 

each 
particip

ant 

839 833 831 777 781 814 818 799 792 

Mean 4.42 4.38 4.37 4.09 4.11 4.28 4.31 4.21 4.17 
Percent

age 
73.60% 73.07% 72.89% 68.16% 68.51% 71.40% 71.75% 70.09% 69.47% 

Median 5 5 5 5 5 5 5 5 5 
Mode 5 5 5 5 5 5 5 5 5 

Minimu
m 

0 0 0 0 0 0 0 0 0 

Maximu
m 

6 6 6 6 6 6 6 6 6 

Range 839 833 831 777 781 814 818 799 792 
SD 1.437 1.534 1.467 1.535 1.554 1.358 1.509 1.485 1.561 

Note: Average percentage score = 70.99%, R=rank of significance  

9.9 Benefits of the LeanIPD&GID framework 

The research has introduced frameworks for managing challenges of 

integrating LeanIPD&GID on CMPs in multinational organisations. The benefits of 

the framework will impact positively on improving design and construction processes 

and value delivered to clients, as well as overall performance of CMPs. The benefits 

lie in providing the built environment, especially CMPs, with a practical tool that 

explains how key stakeholders can integrate both lean thinking and IPD towards the 

full LeanIPD&GID transformative initiatives and corporate governance. The 

LeanIPD&GID integration framework provides step-by-step guidance to help key 
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stakeholders, governments, managers and key decision-makers overcome the 

deficiencies of traditional procurement approaches and overcome risk and challenges 

that are encountered to integrate LeanIPD&GID. The research also delivers a KPIs 

matrix to measure performance when integrating LeanIPD&GID on CMPs. However, 

the success of the LeanIPD&GID integration depends on the encouragement of 

governments to facilitate implementation processes, and the offer of government 

incentives, policies, regulations, and legal frameworks. The application of the 

framework is a time-consuming process which requires full dedication from 

participants. It is acknowledged, due to the nature of the construction industry and 

time constraints of projects, proposed frameworks or alterations in processes or 

deviations from traditional procurement systems may encounter resistance to change 

to conduct LeanIPD&GID integration. The absence of governmental legislation and 

integrated delivery contracts hinder the implementation of LeanIPD&GID in the 

MENA region 

9.10 Conclusion 

The construction industry encounters substantial risk and challenges in its 

evolution towards sustainable development. International businesses, multinational 

AEC organisations, technical professionals, architecture, engineering, construction, 

project and portfolio management organisations face global connectivity challenges 

between business units, especially during the COVID-19 pandemic, to manage CMPs.  

That raises the need to manage global connectivity as a main strategic goal of global 

organisations. This research presented a strategic framework managing challenges of 

integrating LC and IPD on CMPs towards GID transformative initiatives and 

corporate governance in multinational organisations. Although BIM, LC and IPD 

principles are being increasingly adopted in the USA and other parts of the world, 
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integration of LeanIPD&GID on CMPs in the MENA region has not begun. Despite 

the numerous advantages that integration of BIM, LC, IPD, LeanBIM, LeanIPD and 

LeanIPD&GID provides, no sign of its implementation nor integration can be 

identified in the MENA region. Moreover, no extensive research has been completed 

in this region. A total of 20 challenges to integrate LeanIPD&GID on CMPs were 

identified via a desktop literature review and factors outlined in a questionnaire which 

was ranked by 190 respondents from 23 countries who have direct and extensive 

experience in the construction industry. The research concluded that ‘lack of 

governmental incentives, policies, regulations, or legal frameworks’ is the most 

significant challenge to integrate LeanIPD&GID on CMPs. The research concluded 

that awareness of BIM in the MENA region is higher than LC, and LC awareness is 

higher than IPD knowledge. BIM adoption in the MENA region is higher than LC, 

while LC is still taking its first steps.  IPD is only slightly implemented in the MENA 

region. LeanBIM is slightly integrated, while LeanIPD integration is almost not 

present. 

9.11 Recommendations 

The research proposes recommendations to industry key stakeholders, clients, 

governments, and key decision-makers to tackle barriers to integrate LeanIPD&GID 

on CMPs. Led by governments, clients and AEC organisations should collaborate to: 

(1) provide and issue incentives, policies, regulations, or legal frameworks to 

encourage the AEC industry to adopt and integrate BIM, LC, IPD, LeanBIM, 

LeanIPD and LeanIPD&GID transformative initiatives and corporate governance. (2) 

raise client awareness of benefits and strategies to integrate LeanIPD towards GID 

amongst key stakeholders. (3) raise awareness of senior managers and clients about 

commitment to an IPD, LeanIPD, approaches and GID, LeanIPD&GID, competency 
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framework, and FOW initiatives. (4) raise construction industry awareness about the 

advantages of the integration of LeanIPD&GID to minimise the resistance of industry 

to change from traditional procurement to LeanIPD&GID. (5) adopt integration of 

LeanIPD&GID on CMPs and adopt pilot projects to provide successful examples of 

benefits gained through adoption of LeanIPD, and (6) provide training programmes, 

technologies, infrastructure, and resources to enhance the technical skills of architects, 

designers, and construction managers for managing challenges to integrate 

LeanIPD&GID on CMPs. The research identified the current underlying gap of 

literature of the integrative nature of adoption of BIM, LC and IPD concepts and 

integration of LeanBIM, LeanIPD on CMPs. This research introduced a 

LeanIPD&GID framework, however more research in this domain is still required. 

Academics may carry out studies and divide the MENA region to more manageable 

divisions such as country by country, or to GCC countries, Egypt, and North Africa, 

or carry out comparative studies of challenges integration of LeanIPD&GID on CMPs 

in GCC countries and the MENA 

9.12 Originality/value 

The research findings, conclusions and recommendations provide a proposed 

framework for implementation, KPIs, and GID strategy transformative initiatives and 

corporate governance to integrate LeanIPD&GID on CMPs and FOW global 

initiatives. This will allow project key stakeholders to place emphasis on managing 

LeanIPD&GID challenges identified in this research and commence GID strategies. 

The study has provided effective practical strategies for enhancing integration of 

LeanIPD&GID transformative initiatives and corporate governance. 
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9.13 Chapter summary 

The current develops frameworks for managing risk and challenges of 

integrating LC and IPD towards the GID transformative initiatives and corporate 

governance. The following chapter of this thesis concludes the research.
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10. CHAPTER 10: CONCLUSIONS AND RECOMMENDATIONS 

 
10.1 Chapter overview 

The study has, through analysis of the findings, developed conclusions and in 

some cases improvement measures which specifically relate to the research 

objectives. The conclusions and recommendations within the chapter are intended to 

bring the whole of this thesis together and close the study out (Gillet et al., 2009). For 

this reason, they put forward logical outcomes based on the evidence, findings, 

judgements and discussions that have already been presented and developed earlier in 

the study. Judgements have been approached with insight and arrived at as a result of 

many different iterations and arguments. For ease of reference, the chapter has been 

articulated under the respective headings of each research objective (RO). 

Furthermore, key parts of the study including the literature, methodology, results, 

findings and discussions have been summarised succinctly. This is aimed at allowing 

concepts behind each conclusion to be fully understood and to alleviate the need for 

reference back to earlier chapters. 

10.2 Validity and reliability of study 

Validity can best be described as a measure of how well a category, concept, 

theory, or model fits with reality (Amaratunga et al., 2002). Conversely reliability is 

“... the degree of consistency with which instances are assigned to the same category 

by different observers or by the same observer on different occasions” (Hammersley, 

1992), and therefore a test of repeatability and consistency. A purposive sampling 

strategy has been employed for the study, selecting professionals that had sufficient 

knowledge and experience of BIM, LC and IPD procured in CMPs. The research 

design for the study used different data sources and methodologies through survey 
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questionnaires, Delphi survey and interviews. This approach as opposed to a single 

research method was designed to increase the validity of the findings and therein 

improve the quality of the study (Farrell et al., 2016). Comparing different kinds of 

qualitative and quantitative data in this way is commonly regarded as triangulation 

(Love et al., 2002). Denzin (1970) was an early advocate of such multiple sources of 

data collection and claimed, “method triangulation can serve to overcome partial 

views and present something like a real picture.” Silverman (2001) explained the 

importance of such measures to ascertain whether these different data corroborate one 

another. Farrell et al. (2016) supported this premise and advocated that “best studies 

comprise the analysis of both qualitative and quantitative data.” Triangulation is also 

commonly regarded as a tool to cross check research through analysis of research 

questions. 

10.3 Review of the research objectives and conclusions 

Research aims to develop a strategic framework for managing risk and 

challenges of integrating LC practices and IPD on CMPs towards the GID 

transformative initiatives and corporate governance in multinational engineering. The 

scope of study mainly focuses on CMPs in multinational AEC organisations. The ROs 

exhibited in this section – were pursued and established to achieve the study’s aim. A 

range of research approaches were adopted towards achieving the ROs as discussed in 

Chapters 0 to 9. The principal findings and implications of the study as well as the 

conclusions which have been discussed and presented in previous chapters, are 

summarised in this section through the review of each of the objectives. Limitations 

of the study are detailed in 0. 
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10.3.1 RO1: To appraise influence of partnering agreements associated with 

BIM adoption on stakeholder’s behaviour 

This research investigates the influence of ‘partnering’ contractual agreement 

associated with the adoption of modern BIM technology and the nature of the 

relationship between stakeholders at the planning, design, and construction phases of 

the construction project and through the entire project life cycle and facility 

management in CMPs at the environment of the construction industry. A case study 

research methodology was used. A review of the extant literature and practices 

formed the bedrock of the study adopted. From the literature review and particularly 

from the performed interviews, it arose that a robust relationship occurs. In specific, 

the literature review and the interviews presented that particular partnering critical 

success factors, similar to collaboration, mutual trust, and open transparency, are 

directly related to stakeholder’s behaviours and the successful ‘partnering’ contractual 

agreement. The case study findings provided a summary of how ‘partnering’ is 

practised in CMPs in Qatar, which was consistent with numerous of the attributes 

success and failure factors recognised in extant literature. Findings revealed an 

agreement between the interviewees that DB contracts improve the performance of 

project.  

The research then submitted to top-tier journals for publications, the research 

passed journal’s double blind peer review process with multiple validation until 

publishing, noting that journals are indexed and ranked in Scoups® and other well-

reputed databases. According to Emerald Publishing (2021) double blind peer review 

is “the most common form of peer review for our journals and case studies is “double 

blind”, which keeps the process as objective as possible. Reviewers are not aware of 

the author’s identity, and you will not know the identity of the reviewers.” Research 



401 

 

 

then published (Evans et al., 2020a, 2020b).  

The two critical success factors of partnering projects are ‘trust’ and 

‘collaboration.’ Partnering generates a fewer stressful and antagonistic operational 

environment, supporting superior individual performance. It is also important to note 

that this research studied the influence of ‘partnering’ contractual agreements 

associated with BIM in Qatar the time of ‘economic prosperity’, and to note that this 

influence is strongly associated with the economic environment of the country. It is 

concluded that ‘trust’ and ‘collaboration’ can be created in encouraging environments, 

where the progressive environment of this cooperative procedure aligns with the long-

term vision of incorporated stakeholders. Thus, enhancing stakeholder relationships 

reduces disputes, eliminates the conflict of interest, and allows sharing of knowledge, 

healthy interaction between project stakeholders, and improving problem-solving 

techniques. 

10.3.2 RO2: To test and critically assess critical success factors (CSFs) for 

adoption BIM and LC practice 

A comprehensive review of the extant literature and construction practices 

formed the bedrock of gathering 30 CSFs for adopting BIM and LC practices towards 

LeanBIM adoption on CMPs. The factors formed a questionnaire for Delphi 

technique survey. A Delphi survey technique was implemented as the main study 

method that was contributed to by 16 specialists from different countries through a 

two‐round Delphi survey. The expert panel consisted of eight industry practitioners 

and eight academics. Data sets collected from both rounds of Delphi survey were 

subjected to numerous statistical analytical techniques such as mean score ranking, 

chi‐squared tests, Cronbach’s α reliability testing, IRA test, to inspect the reliability 

and creditability of the collected dataset and to rank and prioritise the CSFs. 
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Satisfactory level of agreement was obtained by the expert panel following the 

second-round of Delphi survey. IRA analysis was employed to validate the consent 

obtained by the expert panel on CSFs. Generally, the expert panel developed a level 

of consensus after the second round of the Delphi survey. The research passed 

journal’s double blind peer review process with multiple validation until published 

(Evans et al., 2021a). 

The expert panel amended their rankings of some CSFs after the first-round of 

Delphi survey, whilst some factors maintained their rankings; other factors increased 

or reduced in the ranking. An IRA value approach was adopted and accepted to 

identify the significance level of each CSF and to rank the factors in descending order 

of significance. The expert panel rated the five-extreme significant LeanBIM CSFs 

that boost LeanBIM synergy were ‘collaboration in design, construction works, and 

engineering management,’ ‘senior organisational management support,’ ‘coordination 

and planning of construction work,’ ‘earlier and precise 3D visualisation of design,’ 

and ‘boosting implementation of LC and integrating project delivery.’ While the 

expert panel rated the least five least significant BIM CSFs as ‘development of a legal 

framework for BIM,’ ‘BIM training,’ ‘adequate cost allocation to BIM,’ ‘acoustical 

(sound) simulation and analysis,’ and ‘structural analysis and design.’ It is concluded 

that the extreme significant LeanBIM CSF is ‘collaboration in design, construction 

works, and engineering management.’ 

10.3.3 RO3: To test and critically assess barriers to integrating BIM and LC 

practice 

The research explores the challenges and barriers faced by the construction 

industry in its attempt to support comprehensive implementation of LC practice along 

with BIM applications at the planning, design, and construction phases of 
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construction projects and through the entire project life cycle and facilities 

management. A comprehensive analysis of existing literature yielded twenty-eight 

(28) barriers to integration between BIM and LC principles in CMPs. Moreover, a 

Delphi technique and variety of statistical techniques such as Spearman's  

correlation, Kendall's coefficient of concordance, chi-square test, IRA, and including 

others techniques were utilised for the analysis of data sets gathered from the sixteen 

(16) participant Delphi expert panel. The research passed journal’s double blind peer 

review process with multiple validation until published (Evans and Farrell, 2020). 

Furthermore, after a two-round Delphi survey, an agreement was 

accomplished amongst expert groups, specifically: ‘practitioners’ and ‘academics’ as 

well as the members from ‘East’ and ‘West’ groups. A Delphi survey is considered a 

self-validating mechanism; consequently, the statistical approach IRA was applied to 

validate the consensus achieved on every barrier by the expert panel, then barriers 

were rated according to their level of significance. There was substantial growth in the 

level of concurrence within the expert groups after the second round of Delphi survey. 

According to that IRA validation of the agreement warranted by the expert groups 

after the second round of Delphi survey; the greatest significant barriers categories to 

the integration of BIM and LC principles in CMPs were identified. These encompass 

categories: ‘legal’, ‘attitude and market’, ‘education, knowledge and learning’, 

‘technical and software financing’ in descending order. While the experts after the 

second round of Delphi survey using IRA agreed that the most significant barriers to 

integrate LeanBIM are: ‘lack of mandatory BIM and LC industry standards and 

regulations by the government,’ ‘lack of involvement and support of the government,’ 

‘resistance of industry to change from traditional working practices,’ ‘high cost of 

BIM software licences’, and ‘high initial investment in staff training costs of BIM.’ 
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The research also indicated the present level of adoption of BIM and LC 

principles in the built environment, together with the challenges encountered in its 

ideal operation in CMPs. The existing study can be developed in future research by 

assessing barriers on a country-by-country basis. Likewise, further research should 

evaluate a case study construction project, expanding the scope of barriers recognised 

through this Delphi survey study. It is concluded that the most significant barriers to 

integrate LeanBIM is ‘lack of mandatory BIM and LC industry standards and 

regulations by the government.’ 

10.3.4 RO4: To critically analysis and develop frameworks for the 

interactions between BIM and LC 

The research explores BIM functionalities and LC principles that exist in the 

construction industry, in an attempt for comprehensive implementation of LC practice 

along with BIM applications at the planning, design, and construction phases of 

construction projects and through the entire project life cycle and facilities 

management. The research passed journal’s double blind peer review process with 

multiple validation until published (Evans et al., 2021b). 

A comprehensive analysis of existing literature, followed by a conceptual 

analysis of the interactions between BIM and LC on CMPs yielded ten-LC principles 

and ten-BIM functionalities that are categorised to four-LC principle areas, and four-

BIM functionality groups that are necessary for integration between BIM 

functionalities and LC principles. Moreover, a survey and variety of statistical 

techniques such as ‘Cronbach's α’ reliability testing; mean score ranking; SD and 

ANOVA test were utilised for the analysis of data sets gathered from the survey. 

Furthermore, after the survey, respondents believe the impact of the 

implementation of the ten-LC Principals, generally, have a moderate to high impact 
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on the achievement of CMPs’ objectives. Respondents on the moderate scale think 

that the LC principle ‘go and see for yourself and taking decisions in consensus 

considering all options for problem-solving’ has the most significant impact on the 

achievement of project objectives, while the LC principle ‘reduce batch size, strive for 

single-piece flow to assure continuous production’ has the least impact. Respondents 

believe that impact of the implementation of the ten-BIM Functionalities, generally, 

has a high to moderate impact on the achievement of construction megaproject 

objectives. Respondents on the high scale thinks that BIM functionality ‘automated 

cost/time estimation within the design stage’ has the most significant impact on the 

achievement of the project objectives, while the BIM functionality ‘predictive 

analysis of performance during design’ has the least impact. 

The research also indicated the present level of readiness of BIM 

functionalities and LC principles in the built environment, together with challenges 

encountered its ideal operation in CMPs. This research can be developed by assessing 

barriers on a country-by-country basis. Further research should also evaluate a case 

study construction project. Outcomes of this research have contributed and reinforced 

the current body of knowledge in BIM and LC research cross-field by offering key 

stakeholders in the construction industry the critical barriers and challenges hindering 

the ultimate adoption of BIM and LC principles. It is concluded that hands-on 

strategies to enhance adoption of BIM technologies and LC principles on CMPs and 

supports industry key stakeholders to place emphasis on tackling the significant 

barriers of integrating BIM and LC principles in CMPs. The study outcomes 

contribute to and develop the goals of BIM and LC approaches and reinforce 

LeanBIM synergies.   
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10.3.5 RO5: To critically appraise barriers to integrating LC and IPD 

towards the GID global initiatives and corporate governance 

This research investigates barriers to integrating LC practices and IPD on 

CMPs towards the GID transformative initiatives and corporate governance in 

contemporary multinational AEC organisations. Although BIM, LC and IPD 

principles are being increasingly adopted in the USA and other parts of the world, 

integration of LeanIPD&GID on CMPs in the MENA region has not begun. Despite 

the numerous advantages that integration of BIM, LC, LeanBIM, IPD, LeanIPD and 

LeanIPD&GID provides, no sign of its implementation nor integration can be 

identified in the MENA region. Moreover, no extensive research has been completed 

in this region. A total of twenty-eight barriers to integrate LeanIPD&GID on CMPs 

were identified via a desktop literature review and factors outlined in a questionnaire 

which was ranked by 230 respondents from 23 countries who have direct and 

extensive experience in the construction industry. The survey participants came from 

diverse professional disciplines and organisational backgrounds, which lends 

credence to the data collected. The study conducted a comparative assessment of 

perceptions of study participants based on their organisational backgrounds towards 

establishing patterns of difference. The research passed journal’s double blind peer 

review process with multiple validation until published (Evans et al., 2021c). Noting 

that the outcomes of (Evans et al., 2021b) aligned with the consultations of (Evans 

and Farrell, 2020). 

This research introduced GID as transformative initiatives and corporate 

governance in contemporary organisations and FOW global initiatives. The research 

defined, redefined and conceptualised concepts have been introduced in this research 

from an integrative perspective, such as GID, IPD, LC practices, BIM, LeanBIM, 
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LeanIPD, LeanIPD&GID, governance of portfolio, programs, projects, CMPs and 

stakeholders. The most significant barriers to integrate LeanIPD&GID on CMPs were 

‘lack of mandatory BIM and LC industry standards and regulations by governments,’ 

‘lack of involvement and support of governments,’ ‘high costs of BIM software 

licences,’ ‘resistance of industry to change from traditional working practices,’ and 

‘high initial investment in staff training costs of BIM.’ While least significant critical 

barriers were ‘varied market readiness across organisations and geographic locations,’ 

‘increased workload for model development,’ ‘lack of insurance applicable to BIM, 

LC and LeanBIM adoption,’ ‘societal reluctance to change from traditional values or 

cultures,’ and ‘immature dispute resolution mechanisms for BIM, LC and LeanBIM 

adoption.’ Research then clustered barriers to integrate LeanIPD&GID on CMPs to 

six-factor clusters. PCA concluded that the most significant factor clusters were 

education and knowledge-related barriers, project objectives-related barriers, and 

attitude-related barriers. 

It is concluded that awareness of BIM in the MENA region is higher than LC, 

and LC awareness is higher than IPD knowledge. BIM adoption in the MENA region 

is higher than LC, while LC is still taking its first steps.  IPD is only slightly 

implemented in the MENA region. LeanBIM is slightly integrated, while LeanIPD 

integration is almost not present. The research concludes that some international AEC 

organisations working on megaproject are partially implementing GID through 

coordination with different branches to create BIM models and discipline designs 

such as architecture, structural and MEP designs, and taking advantages of the cost 

savings and improve project financials combining scalable costs and time zone 

benefits. International AEC organisations carry out design in various branches in the 

MENA to distribute work and financial advantages. International AEC organisations 
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use branches in Australia, India, the Philippines and the GCC regions. Another 

profound research finding is that for a decade, some giant local AEC organisations 

have started to create branches overseas for mainly AutoCAD® drafting and later 

BIM production in the Philippines, Egypt, and extended locations in the GCC. The 

research revealed that attempts to take advantage of GID are still at early stages of 

development and focus on cost saving in BIM and production only, but do not yet 

reach implementation, nor integration between the three principles BIM, LC, 

LeanBIM, IPD, and LeanIPD on CMPs 

10.3.6 RO6: To develop a competency framework for to integrate LC and 

IPD, and critically appraise key drivers (KDs) to integrating LC and 

IPD towards FOW global initiatives 

The research passed journal’s double blind peer review process with multiple 

validation until published (Evans et al., 2021d). ‘Mixed research methods’ involves a 

two-stage quantitative and qualitative research approach. In the context of CMPs, 

stage one consisted of a qualitative research methodology comprising a literature 

review to examine competencies, COVID-19 impacts, responses and key drivers 

(KDs) to integrate LeanIPD&GID; stage one concluded a conceptualisation of 

LeanIPD&GID, a competency framework and FOW global initiatives. Stage two 

involved an empirical questionnaire survey for a set of 30 KDs arranged into five 

factor clusters (FCs), 226 respondents from 23 countries with an extensive 

cosmopolitan experience; analysis adopted structural equation modelling (SEM), 

descriptive and inferential statistics, percentage scoring analysis, principal component 

analysis (PCA) and Eigenvalues. In the context of CMPs, stage one outcomes 

delivered a conceptualisation of LeanIPD&GID, a proposed competency framework 

and FOW global initiatives. Stage two concluded that the most significant KDs are 
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‘collaboration in design, construction works and engineering management,’ 

‘coordination and planning of construction work,’ ‘senior organisational management 

support,’ ‘boosting implementation of LC, and integrating project delivery’, and 

‘earlier and precise 3D visualisation of designs.’ BIM adoption in the MENA region 

is higher than LC; the second is still taking its first steps, while IPD has little 

implementation. LeanBIM is slightly integrated, while LeanIPD integration is almost 

not present. The research findings, conceptualised LeanIPD&GID principles, a 

proposed competency framework and FOW global initiatives, provided future 

research streams and directions; the study has provided a competency framework and 

FOW global initiatives for effective practical strategies for enhancing integration of 

LeanIPD&GID transformative initiatives and corporate governance and will allow 

project key stakeholders to place emphasis on boosting LeanIPD&GID KDs 

10.3.7 RO7: To develop frameworks for managing risk and challenges of 

integrating LC and IPD towards the GID transformative initiative 

and corporate governance 

The research passed journal’s double blind peer review process with multiple 

validation until published (Evans and Farrell, 2021). ‘Mixed research methods’ 

involves a two-stage quantitative and qualitative research approach is adopted. The 

qualitative research methodology consists of a literature review to assess challenges to 

integrating LeanIPD&GID on CMPs. Conceptualisation of LeanIPD&GID and GID 

strategy placements, development of LeanIPD&GID integration framework, and 

FOW global initiatives with multiple validations. This analysis also involved semi-

structured interviews and focus group techniques. Stage two consisted of an empirical 

questionnaire survey that shaped the foundation of analysis and findings of 190 

respondents from 23 countries with an extensive cosmopolitan experience in 
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construction of megaprojects.  The survey examined a set of 20 challenges to 

integrating LeanIPD&GID on construction megaprojects resulting from a detailed 

analysis of extant literature after validation. SEM, descriptive and inferential 

statistics, percentage scoring analysis, were exploited for data analysis, and 

percentage score analysis. 

The research conceptualised LeanIPD&GID principles, proposed GID strategy 

placements, frameworks for managing challenges of LeanIPD&GID transformative 

initiatives and corporate governance, FOW global initiatives and key KPIs. It is 

concluded that the most significant challenges to integrate LeanIPD&GID on 

construction megaprojects are ‘lack of governmental incentives, policies, regulations 

or legal frameworks,’ ‘lack of client’s awareness and IPD experience amongst key 

stakeholders,’ ‘lack of organisation’s senior-management and client’s commitment to 

IPD approaches,’ ‘resistance of industry to change from traditional procurement to 

IPD,’ and ‘lack of integrated synergies between lean construction, IPD working 

towards LeanIPD&GID.’ Awareness of BIM in the MENA region is higher than LC, 

and LC awareness is higher than IPD knowledge. While BIM adoption in the MENA 

region is higher than LC, LC is still taking its first steps and IPD has little 

implementation. LeanBIM is slightly integrated, while LeanIPD integration is almost 

not present. 

10.4 Limitations and recommendations for future research study 

In achieving RO1, the study can be developed in future research by assessing 

the barriers, challenges and critical failure factors to the adoption of ‘partnering’ 

associated with BIM and LC such as abuse of trust, lack of collaboration, lack of 

transparency and impact of economic austerity in a country-by-country basis. 

Likewise, further research evaluating a piloted case study construction project, 
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expanding the scope of critical success factors identified through this study, and it 

starts to new potential research development. In specific, additional studies should 

surpass the boundaries of this research; for instance, a greater sample of interviews, 

surveys, and quantitative research methodologies should be involved, and analysis 

should also be expanded outside Qatar. 

In achieving RO2, future research should negotiate a project‐based case study 

to postulate and validate the identified CSFs, and their applicability, nature, and 

behaviour in different countries.  The research conclusions give a roadmap to project 

stakeholders and rank factors drive that enhance BIM and LC maturity, and support 

LeanBIM synergy on CMPs.  

In achieving RO3, further research should evaluate a case study construction 

project, expanding the scope of barriers recognised through this Delphi survey study. 

Outcomes of the research have contributed and reinforced the current body of 

knowledge in BIM and LC research cross-field by offering key stakeholders in the 

construction industry the crucial barriers and challenges hindering the ultimate 

adoption of BIM and LC principles in a built environment 

In achieving RO4, the research can be developed by assessing barriers on a 

country-by-country basis. Further research should also evaluate a case study 

construction project. Future research studies can focus on expanding the scope of the 

LeanIPD&GID framework and adding more variables and attributes.  

In achieving ROs 5 to 7, the research identified the current underlying gap of 

literature of the integrative nature of adoption of BIM, LC and IPD concepts and 

integration of LeanBIM, LeanIPD on CMPs. This research introduced GID as 

transformative initiatives and corporate governance and FOW global initiatives in 

contemporary organisations and investigated integration between LeanIPD on CMPs 
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towards GID transformative initiatives and corporate governance in contemporary 

multinational AEC organisations. More research in this domain is still required, and 

frameworks for managing barriers to integrating LeanIPD&GID on CMPs is essential 

to create systems in which continuous improvement can be achieved in a well 

organised and efficient way, and conceptual combination developed to promote 

performance improvements. The research addresses barriers to integrate 

LeanIPD&GID on CMPs in the MENA region as one area and focused on a 

comparison between inter groups of contractual parties, i.e., consultants, contractors, 

clients, and academics. Academics may carry out studies and divide the MENA 

region to more manageable divisions such as country by country, or to GCC 

countries, Egypt and North Africa, or carrying out comparative studies of challenges 

integration of LeanIPD&GID on CMPs in GCC and Egypt. 

In achieving the entire ROs using empirical questionnaire surveys to collate 

data from international experts, there is a limitation in region, sample focused on 

experts working in CMPs at GCC and MENA region. However, the level of 

international experience and diversity of respondents from different countries, 

including, Qatar, Bahrain, Kuwait, Oman, KSA, Egypt, China, Germany, Spain, UK, 

Canada, and the USA helps to minimise this limitation. Future studies can conduct in-

depth surveys on other regions and countries and regions such as the UK, Europe, 

China, USA, Canada, and Australia. 

It is recommended that future research studies should explore and conduct a 

quantitative cost-benefit analysis of the benefits of integration of LeanIPD&GID on 

CMPs to provide a sound basis for project comparison and benchmarking. It is also 

recommended for future studies to examine the key benefits, barriers and drivers 

highlighted in this study based on an in-depth case study of construction projects, 
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infrastructure projects, building projects, organisations, and countries and ways of 

maximising each stakeholder input towards extending the scope of the current 

research and substantiating the critical findings derived in the study. These kinds of 

future studies can help verify and evaluate the feasibility and effectiveness of those 

identified key factors to integrating LeanIPD&GID in the built environment. 

10.5 Recommendations  

RO1: Current study can be developed in future research by assessing barriers, 

challenges and critical failure factors to the adoption of ‘partnering’ associated with 

BIM and LC such as abuse of trust, lack of collaboration, lack of transparency and 

impact of economic austerity in a country-by-country basis. 

RO2: Research conclusions give a roadmap to project stakeholders and rank 

factors drive that enhance BIM and LC maturity, and support LeanBIM synergy on 

CMPs. 

RO3: Research has recognised several prominent barriers hindering the 

application and the ultimate integration of BIM techniques and LC philosophy in 

CMPs. Research accentuated that the implementation of BIM and LC has many 

critical factors associated with barriers that vary from country to country and in some 

cases, it varies within the same country depending on regions. Also, the research 

detected a difference in the viewpoint of industry experts and academics on some 

barriers. The first ten (10) important barriers concern ‘legal’, ‘attitude and market’, 

‘education, knowledge and learning’, ‘technical and software financing’. Therefore, in 

addition to demonstrating these sensitive challenges, this unit tries to specify several 

suggested strategies to confront these critical barriers to enhance LeanBIM synergy in 

the built environment. 

The class with the greatest important barriers in the top ten (10) barriers is 
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‘legal’, i.e.,  ‘lack of mandatory BIM and LC industry standards and regulations by 

the government,’ and ‘lack of involvement and support of the government.’ Lack of 

standardisation and mandates from governmental authorities is a commonly 

encountered barrier to implementation of BIM and LC; the expert panel has identified 

this factor as the most recent barrier in Qatar and the Middle East region. The 

application of BIM and LC relies on standards for controlling its activities, 

procedures, and deliverables. Despite the fact that recent years have observed a few 

BIM mandates and regulations published by some governments in the MENA region 

such as Qatar, K.S.A., U.A.E. and Egypt. However, the general scope of standards 

and mandates of BIM implementation in the MENA region is doubtlessly inadequate 

compared to other countries such as the UK, Australia, and the USA. More 

importantly, there is an absence of LC standards and immature mandates for BIM in 

construction industry in these regions. Hence, there is a real need for government 

involvement in establishing a centralised LeanBIM steering committee to manage LC 

and BIM in the built environment and to effectively work to issue the necessary LC 

and BIM standards, and to put it in effect legal regulations. Consequently, this will 

provide mitigation measures against these barriers. 

The following class is ‘technical and software financing’ with three barriers: 

‘high cost of BIM software licences,’ ‘high initial investment in staff training costs of 

BIM,’ and ‘high training and implementation cost and time of BIM’. The prohibitive 

high initial cost of investment and primary cost of purchasing BIM software licences, 

resources and training staff has led to hesitance and apathy in adopting BIM in LC 

construction projects. Accordingly, it is suggested for government authorities to offer 

subsidies of ‘technology investment’ to support the AEC industry to acquire essential 

resources and software licences to augment their uptake of BIM and adoption of LC 
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in construction. Moreover, the AEC industry is encouraged to design, purchase, or 

lease diversified combinations of BIM-based and LC analysis software for their 

subcontractors to operate at subsidised rates for construction projects. In the same 

context, the AEC industry and their project teams are encouraged to develop efficient 

strategies for the application of BIM and LC in construction projects. 

The next class is ‘education, knowledge and learning’ with three factors: 

‘shortage of cross-field specialists in BIM, LC and LeanBIM,’ ‘lack of supporting LC 

analysis tools and software,’ and ‘lack of a well-established BIM, LC and LeanBIM 

workflows.’  Factors in this group are related to insufficient experience and lack of 

knowledge on both approaches of BIM and LC whereas a barrier factor relates to the 

lack of experience and specialism in the software and technologies utilised in the 

simulation of LC parameters and creation of BIM models. Hence, there is a demand 

for corporate organisations and professionals to increase the aptitude, capability and 

quality of LC and BIM industry practitioners in construction industry. Also, the 

establishment of capacity development and opportunity for skill programs such as 

seminars, extensive training, and workshops, where industry practitioners can share 

experience and information in these two initiatives to assist in the mitigation of these 

obstacles. 

The following class is ‘attitude and market’ with the barrier factor ‘resistance 

of industry to change from traditional working practices,’ ‘lack of top management 

commitment and client demand.’  Despite the numerous advantages of implementing 

BIM and adopting LC in the built environment, there has been slight development in 

its implementation in the MENA region. It is essential to bear in mind that lack of top 

management and client commitment and the perpetual barrier of resistance to change 

still plays an important role in hindering the adoption of BIM and LC initiatives. 
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Therefore, this research recommends that construction key stakeholders such as top 

management, clients, main contractors, and engineering firms diminish their 

resistance and adopt dynamic and positive attitudes to change in the construction 

industry. Owners, clients, and real-estate developers of CMPs are advised to be 

proactive in adopting BIM and LC approaches in their projects to improve LeanBIM 

synergy. 

RO4: Research has recognised that several prominent LC principles and BIM 

functionalities impact upon the application and the ultimate integration of BIM 

techniques and LC philosophy in CMPs. The research accentuated that the 

implementation of BIM and LC has many critical factors associated with barriers that 

vary between countries. Also, the research detected a difference in the viewpoint of 

industry experts and academics on some factors. The four-LC principle areas concern 

‘flow processes’, ‘value generation processes’, ‘problem-solving processes’, and 

‘developing partnering processes’, while the four-BIM functionality groups in Table 

6.2 encompass ‘high visualisation’, ‘increase cooperation’, advanced control’ and 

‘integration with project partners. Therefore, in addition to demonstrating these 

critical factors, this research tries to specify several suggested strategies to enhance 

LeanBIM synergy in the built environment. 

The identified ten-LC principles are ‘reduce variability’, ‘reduce cycle time’, 

‘reduce batch size’, increase flexibility’, ‘standardise flexibility’, ‘visualise 

production method’, ‘parallel processing’, ‘focusing on concepts’, ‘go and see for 

yourself’ and ‘encourage networking’. While, the ten-BIM functionalities are ‘high 

visualisation’, ‘rapid generation of design alternatives’, ‘predictive analysis’, 

automated cost/time estimation’, ‘evaluation of conformance’, ‘integration in design 

model’, ‘increase collaboration’, online multidisciplinary communication’, and 
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‘integration with project partners.’ The application of BIM and LC relies on standards 

for controlling its activities, procedures, and deliverables. BIM mandates and 

regulations have been published by some governments in the MENA region such as in 

GCC countries. The general scope of standards and mandates of LC, BIM 

implementation and LeanBIM synergy do not consider the critical ten-LC principles 

and the ten-BIM functionalities. More importantly, absence of LC standards and 

immature mandates for BIM in construction industry in that region impacts on project 

success. Hence, there is a real need for government involvement in establishing 

LeanBIM steering committees to manage LC and BIM in the built environment and to 

effectively work to issue the necessary LC and BIM standards, and issue legal 

regulations. This should provide impetus to progress LeanBIM integration. 

Therefore, this research recommends that construction key stakeholders such 

as government organisations, senior managers, clients, main contractors, and 

engineering firms diminish resistance and adopt dynamic and positive attitudes to 

change. Owners, clients, and real-estate developers of CMPs are advised to be 

proactive in adopting BIM, and LC approaches in their projects to improve LeanBIM 

synergy and ultimately project success 

RO5 to RO7: The research comes to the following recommendations to 

industry key stakeholders, clients, governments, and key decision-makers to tackle 

barriers to integrate LeanIPD&GID on construction megaprojects:  

• Governments to provide and issue incentives, policies, regulations or legal 

frameworks to encourage the AEC industry to adopt and integrate BIM, LC, 

IPD towards LeanIPD&GID;  

• Governments to provide training programmes, technologies, infrastructure, 

and resources to enhance the technical skills of architects, design and 
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construction managers for managing challenges of integrating LeanIPD&GID 

on construction megaprojects. 

• Governments raise client awareness of benefits and strategies to integrate 

LeanIPD towards GID amongst key stakeholders;  

• Governments and institutions to raise awareness to organisation’s senior 

management and clients about commitment to an IPD, LeanIPD, approaches 

and GID, LeanIPD&GID initiatives;  

• Governments and key industry stakeholders to raise construction industry 

awareness about the advantages of the integration of LeanIPD&GID to 

minimise the resistance of industry to change from traditional procurement to 

LeanIPD&GID; and  

• Governments to adopt integration of LeanIPD&GID on construction 

megaprojects and adopt pilot projects in each country to provide successful 

examples of the benefits gained through adoption of LeanIPD. 

The GID transformative initiatives and corporate governance and FOW global 

initiatives are essential elements of the LeanIPD&GID concept. Egypt should be at 

the heart of GID strategies of international AEC organisations. The construction 

industry in Egypt has had long periods of growth due to stability, development, 

comprehensive renaissance, safety, and security. Egypt is characterised by a talented 

people and experience in many industries and trades and has potential for stable 

investments. Considering GID transformation, due to its strategic geographic location, 

availability of talents and resources, especially AEC engineering, for the reasons 

mentioned above, this research recommends that Egypt is placed at the heart of the 

GID transformative initiatives and corporate governance. 
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10.6 Originality/value 

RO1: Outcomes of the research have contributed and reinforced the current 

body of knowledge in ‘partnering’, BIM and LC research cross-field by offering key 

stakeholders in the construction industry the critical success factors and challenges 

hindering the ultimate adoption of ‘partnering’, BIM and LC principles in a built 

environment. Generally, the study's outcomes contribute to and develop the goals of 

BIM and LC approaches and reinforce the LeanBIM synergy. 

RO2: This research examined the key steering factors that can boost BIM tools 

and LC principles in megaprojects. Furthermore, the lack of knowledge and means 

needed to enhance BIM and LC synergy are examined to take both initiatives towards 

full levels of maturity of LeanBIM. Hence, appraisal of thirty (30) BIM CSFs by an 

expert panel - comprising academics and industry practitioners - that can aid the 

consistent execution of LeanBIM in the AEC industry. The CSFs are based on the 

literature to provide a starting point for dialogue with clients, real-estate developers, 

key project stakeholders, local authorities, decision-makers, and academics. The CSFs 

can be considered as a roadmap for contractors, engineering consultants, clients, and 

authorities in designing robust policies and legal guidelines to boost LeanBIM 

synergy. Although there were some differences in perceptions of the significance 

between ‘academics’ and ‘industry practitioners,’ there is still a need to bridge the gap 

in this regard. Findings of this research can shape the foundation of benchmarks for 

synergy and maturity of LeanBIM practice on CMPs. 

RO3: The research findings and the proposed mitigation strategy will enhance 

the application of BIM and LC practices in CMPs and allow project key stakeholders 

to place emphasis on tackling the crucial challenges and barriers identified in this 

research. 
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RO4: Hence, the outcomes of the research suggest hands-on strategies to 

enhance adoption of BIM technologies and LC principles on CMPs and supports 

industry key stakeholders to place emphasis on tackling the significant barriers of 

integrating BIM and LC principles in CMPs. The study outcomes contribute to and 

develop the goals of BIM and LC approaches and reinforce LeanBIM synergies. The 

research yielded ten BIM functionalities and ten LC principles, that are categorised in 

four principles areas and four BIM functionality groups. A research framework for 

analysis of the interaction between BIM and LC is then compiled. 

RO5 to RO7: Research findings, conclusion and recommendation and 

proposed GID strategy placements for LeanIPD&GID transformative initiatives and 

corporate governance to integrating LeanIPD&GID on CMPs. This will allow project 

key stakeholders to place emphasis on tackling LeanIPD&GID barriers identified in 

this research and commence GID strategies. The study has provided effective 

practical strategies for enhancing integration of LeanIPD&GID transformative 

initiatives and corporate governance. 

The research findings, conclusion and recommendation and proposed 

framework, KPIs, and GID strategy placements for LeanIPD&GID transformative 

initiatives and corporate governance to integrating LeanIPD&GID on CMPs and 

FOW global initiatives. This will allow project key stakeholders to place emphasis on 

managing LeanIPD&GID challenges identified in this research and commence GID 

strategies. The study has provided effective practical strategies for enhancing 

integration of LeanIPD&GID transformative initiatives and corporate governance. 

10.7 Chapter summary 

This chapter have presented the major conclusions and recommendations of 

this study. Similarly, the significance and contributions of the study was outlined as 
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well as its limitations. It also provides recommendations for future research study. 
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Appendix A Exhibit A1                     Page 1  

Dear ......(names removed for reasons of confidentiality and preservation of 

anonymity) 

Study Title: Challenges, barriers, and critical success factors of integrating lean 

construction practices and integrated project delivery (IPD) on 

construction mega-projects 

My name is Martin Evans and I am a PhD student at the Department of Engineering, 

University of Bolton. I am conducting a PhD study into interactions, challenges, and 

key drivers of integrating lean construction practices and integrated project delivery 

(IPD) on construction mega-projects. You are being invited to take part in a research 

study. Before you decide it is important for you to understand why the research is 

being done and what it will involve. Please take time to read the following 

information carefully.  

Purpose of study 

It is my intention to obtain data from experienced construction professionals who 

have prior experience of lean construction practices and integrated project delivery 

(IPD) on construction mega-projects in Qatar, the MENA and worldwide construction 

industry. As such we would be grateful for your contributions to the online survey to 

establish whether there is an interaction between lean construction practices – 

including building information modelling (BIM) – and relationship between IPD on 

construction mega-projects. 

Privacy, anonymity, and confidentiality 

Anonymity will be maintained at all times in compliance with the University of 

Bolton’s codes of conduct and best practice procedures for students carrying out such 

interviews and questionnaire surveys. Accordingly, your name or any personal details 

will not be divulged or included in any documentation at any time to preserve 

confidentiality. All information collected will be kept strictly confidential and privacy 

and anonymity will be ensured in the collection, storage, and publication of research 

material. Data generated by the study will be retained securely in paper or electronic 

form for a period of five years after completion of the research project in accordance 



Appendix A Exhibit A1                     Page 2  

with the University’s policy on data Protection 

A list of online questions will be presented to you when you click on the link 

provided. The online survey will last approximately 15 minutes. One of the questions 

at the end of the survey will offer you as a respondent the opportunity access to the 

research findings or other publications arising from your participation should you so 

wish. 

Contact details 

My individual contact details are listed below should you wish to contact me about 

any part of the research study: 

Martin Evans, University of Bolton, Deane Road, Bolton 

Phone 

E mail: mhs1mpo@bolton.ac.uk 

If for any reason before, during or after the survey, you are concerned about any 

aspect and wish to raise any issues for any reason then this should be directed to my 

research supervisor: 

Dr. Peter Farrell, Reader, University of Bolton, Deane Road, Bolton 

Tel: 01204 903426 

Email: P.Farrell@bolton.ac.uk 

Once again thank you for your participation in the research to assist my studies  

Martin Evans 

2nd March 2020 
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Appendix B consists of following part(s): - 

Part B1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire  

Part B2: A Delphi study questionnaire (Google Forms) 

Part B3: Statistical analysis Part using IBM® SPSS® Statistics Version 27 for 
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Part B1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire 
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Part B2: A Delphi study questionnaire (Google Forms) 
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Page 1 of 11https://docs.google.com/forms/d/1VLUU59SxWmiZEJDGXE__qmJsXo-gVd7dDPjnIE9kb-o/prefill

1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

Critical success factors for adopting
building information modelling (BIM) and
lean construction practices on
construction mega-projects: a Delphi
survey
There are three sections of the questionnaire 

* Required
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(1) Consultants (i.e. Designer, Architect, Supervision, Project Management)

(2) Main Contractors (including subcontractors, trade contractors)

(3) Clients (i.e. Governmental, semi-governmental, real estate developers, municipal)

(4) Academics

Other:

(1) Senior Management ( i.e. Director Program Manager)

(2) Manager (i.e. Department, Project, Construction)

(3) Senior Level Resident Engineer/Client Consultant

(4) Mid Level (Engineering)

(5) Junior Level (Engineering)

1.1 Organisation set-up *
How do you describe the category of your current organisation?

1.2 Career level *
How do you classify the level of your current role in your organisation?
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(1) Mega-project(s) ( > 1Billion USD)

(2) Large-scale project(s) (>500 Million to 1 Billion)

(3) Medium-scale project(s) (>100 M to 500 M)

(4) Small-scale project(s) (>50 M to 100 M)

(5) Research or project(s) < 50 M

(1) More than 20 years

(2) 16-20 years

(3) 11-15 years

(4) 5-10 years

(5) Less than 5 years

1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

1.3 Size of current project(s) *
Please select the appropriate scale of your largest current project

1.4 Experience in the construction industry *
Please select the appropriate band of your years of experience in the construction industry
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(1) Infrastructure

(2) Metro/LRT

(3) Building

(4) Industrial

Other:

(1) Lump Sum Contracts

(2) Measurement Contracts

(3) Cost Reimbursed Contracts

(4) Design and Build (DB) Contracts

Other:

1.5 Type of project(s) *
Please select the type of your largest current project from the list below

1.6 Type of contract *
Please select the type of contract of your largest current project from the list below
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(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

1.7 Awareness of BIM *
What is your level of knowledge of BIM?

1.8 Knowledge of Lean Construction practices *
What is your level of knowledge of Lean Construction?
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2. Critical success factors for adopting Building Information Modelling (BIM) and
lean construction practices on construction mega-projects: Attitude-related
factors

In the context of construction mega-projects, please indicate the extent to
which you agree or disagree with the following statements regarding attitude-
related factors to integrating BIM and LC practices: *

(1) Strongly
disagree

(2) Disagree (4) Neutral (4) Agree
(5) Strongly

agree

F01: Integrating
project
documentation/bid
preparation

F02: Adequate
cost allocation to
BIM

F03: Clash
detection,
integrating,
coordinating, and
validating designs

F04: Predictive
analysis of
performance
(thermal, energy,
i.e. CO2)

F05: Improving site
layout and site
safety

F06: Reducing
construction
project costs

F01: Integrating
project
documentation/bid
preparation

F02: Adequate
cost allocation to
BIM

F03: Clash
detection,
integrating,
coordinating, and
validating designs

F04: Predictive
analysis of
performance
(thermal, energy,
i.e. CO2)

F05: Improving site
layout and site
safety

F06: Reducing
construction
project costs
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2. Critical success factors for adopting Building Information Modelling (BIM) and
lean construction practices on construction mega-projects: Attitude-related
factors

F07: Reducing
construction
project duration

F08: Cooperation
of simultaneous
access of
construction work

F09: Extracting
cost estimation
and quantity take
o!

F10: Coordination
and planning of
construction
works

F07: Reducing
construction
project duration

F08: Cooperation
of simultaneous
access of
construction work

F09: Extracting
cost estimation
and quantity take
o!

F10: Coordination
and planning of
construction
works

In the context of construction mega-projects, please indicate the extent to
which you agree or disagree with the following statements regarding attitude-
related factors to integrating BIM and LC practices: *

(1) Strongly
disagree

(2) Disagree (4) Neutral (4) Agree
(5) Strongly

agree

F11: BIM training

F12: Improving
quality and
construction
project
performance

F11: BIM training

F12: Improving
quality and
construction
project
performance
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F13: Enhancing
exchange of
information and
knowledge
management

F14:
Development of
legal
frameworks for
BIM

F15: Reduced
risks of claims
or litigation

F16:
Organisational
senior
management
support

F17: Improving
facilities
management i.e.
operations and
maintenance (O
and M)

F18: Earlier and
precise 3D
visualisation of
designs

F19:
Collaboration in
designs,
construction
works and
engineering
management

F13: Enhancing
exchange of
information and
knowledge
management

F14:
Development of
legal
frameworks for
BIM

F15: Reduced
risks of claims
or litigation

F16:
Organisational
senior
management
support

F17: Improving
facilities
management i.e.
operations and
maintenance (O
and M)

F18: Earlier and
precise 3D
visualisation of
designs

F19:
Collaboration in
designs,
construction
works and
engineering
management
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2. Critical success factors for adopting Building Information Modelling (BIM) and
lean construction practices on construction mega-projects: Attitude-related
factors

F20: Boosting
implementation
of LC, and
integrated
project delivery
(IPD)

F20: Boosting
implementation
of LC, and
integrated
project delivery
(IPD)

In the context of construction mega-projects, please indicate the extent to
which you agree or disagree with the following statements regarding attitude-
related factors to integrating BIM and LC practices: *

(1) Strongly
disagree

(2) Disagree (4) Neutral (4) Agree
(5) Strongly

agree

F21: Elaborating
BIM models for
o!site
prefabrication
and shop
drawings

F22: Four-
dimensional (4D)
construction
scheduling and
sequencing (3D
+ time)

F23: Accuracy
and reliability of
documents and
data

F24: MEP

F21: Elaborating
BIM models for
o!site
prefabrication
and shop
drawings

F22: Four-
dimensional (4D)
construction
scheduling and
sequencing (3D
+ time)

F23: Accuracy
and reliability of
documents and
data

F24: MEP
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Thank you for completing this survey
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Thank you for taking the time to complete this questionnaire. Your assistance in providing this information 
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Page 1 of 7

Never submit passwords through Google Forms.
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Please add any comments you may have in the context of Building Information
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projects. If you would like to have a copy of the research findings, please include
your email address
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Part B3: Statistical analysis using IBM® SPSS® Statistics Version 27 for 

MacOS 

 

 

 

  



     

  RELIABILITY 
  /VARIABLES=F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F1
9 F20 F21 F22 F23 F24 
    F25 F26 F27 F28 F29 F30 
  /SCALE('ALL VARIABLES') ALL 
  /MODEL=ALPHA 
  /STATISTICS=DESCRIPTIVE CORR ANOVA 
  /SUMMARY=MEANS VARIANCE.

Reliability

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Matrix Input

Missing Value Handling Definition of Missing

Cases Used

13-APR-2021 12:19:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/003-JEDT-
LeanBIM CSFs 
Delphi/SPSS27/SPSS-
LeanBIM CSFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

User-defined missing 
values are treated as 
missing.

Statistics are based on 
all cases with valid data 
for all variables in the 
procedure.
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Notes

Syntax

Resources Processor Time

Elapsed Time

RELIABILITY
  /VARIABLES=F1 F2 F3 
F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 F15 
F16 F17 F18 F19 F20 
F21 F22 F23 F24
    F25 F26 F27 F28 F29 
F30
  /SCALE('ALL 
VARIABLES') ALL
  /MODEL=ALPHA
  
/STATISTICS=DESCRIPTI
VE CORR ANOVA
  /SUMMARY=MEANS 
VARIANCE.

00:00:00.09

00:00:00.00

Scale: ALL VARIABLES

Case Processing Summary

N %

Cases Valid

Excludeda

Total

1 6 100.0

0 .0

1 6 100.0

Listwise deletion based on all variables in the procedure.a. 

Reliability Statistics

Cronbach's 
Alpha

Cronbach's 
Alpha Based 

on 
Standardized 

Items N of Items

.837 .839 3 0
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Item Statistics

Mean Std. Deviation N

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

F29

F30

4.31 .704 1 6

4.13 .806 1 6

4.25 .577 1 6

3.94 .772 1 6

3.88 .619 1 6

3.50 .730 1 6

3.50 .730 1 6

3.38 .719 1 6

3.56 .727 1 6

3.31 .602 1 6

4.50 .632 1 6

4.44 .512 1 6

3.50 .730 1 6

4.19 .750 1 6

3.19 .911 1 6

3.31 .602 1 6

3.88 .719 1 6

3.69 .602 1 6

3.69 .479 1 6

3.44 .629 1 6

3.56 .629 1 6

3.88 .719 1 6

3.63 .719 1 6

3.56 .814 1 6

3.75 .683 1 6

3.88 1.088 1 6

4.00 .966 1 6

4.00 .730 1 6

4.13 .719 1 6

4.19 .544 1 6
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Inter-Item Correlation Matrix

F1 F2 F3 F4 F5 F6 F7 F8

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

F29

F30

1.000 .279 .287 .406 .401 .324 .194 .280 .155

.279 1.000 .072 .335 .167 - .340 .113 .374 - .242

.287 .072 1.000 .486 .466 .158 .316 .562 - .357

.406 .335 .486 1.000 .262 .059 .177 .285 - .052

.401 .167 .466 .262 1.000 .147 .147 .412 - .278

.324 - .340 .158 .059 .147 1.000 - .125 .000 - .188

.194 .113 .316 .177 .147 - .125 1.000 .635 .439

.280 .374 .562 .285 .412 .000 .635 1.000 - .048

.155 - .242 - .357 - .052 - .278 - .188 .439 - .048 1.000

.541 .464 - .048 .188 .291 - .076 .076 .019 .333

- .075 .000 .183 .068 .170 .000 .000 .000 - .362

- .035 .182 - .169 - .263 .394 - .089 - .089 .068 .011

- .194 - .226 - .158 - .177 - .295 .000 .250 .000 .063

.134 .179 .654 .482 .341 - .183 .548 .603 - .084

.110 .057 .032 .018 - .074 .351 .251 .191 - .069

.226 .189 .144 - .099 .112 - .379 - .076 .019 - .124

- .313 .029 .080 - .135 - .187 - .127 .381 .226 - .112

- .069 - .052 .240 - .188 .246 - .531 .531 .135 .276

.507 .281 .060 .124 .084 - .286 .477 .170 .538

- .028 .016 .046 .335 - .193 - .073 .363 - .092 .009

.028 - .148 .505 - .060 .364 - .218 .363 .240 - .009

.477 - .201 .241 - .015 .262 .381 .254 .097 .271

.510 .316 - .080 - .045 .037 - .254 - .127 - .097 .175

- .211 - .013 .106 - .153 .017 - .505 .393 .071 .218

.312 .424 - .169 - .032 - .079 - .535 .000 - .068 .302

.054 .019 .265 .149 .173 - .084 .587 .490 .179

- .098 .257 .000 .268 .111 - .378 .378 .384 .095

.130 - .113 .000 .237 .295 - .125 .500 .127 .376

.181 .316 .080 .375 .337 - .127 .381 .548 .112

.359 .247 .478 .189 .668 - .252 .587 .661 .053
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Inter-Item Correlation Matrix

F9 F10 F11 F12 F13 F14 F15 F16

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

F29

F30

.155 .541 - .075 - .035 - .194 .134 .110 .226 - .313

- .242 .464 .000 .182 - .226 .179 .057 .189 .029

- .357 - .048 .183 - .169 - .158 .654 .032 .144 .080

- .052 .188 .068 - .263 - .177 .482 .018 - .099 - .135

- .278 .291 .170 .394 - .295 .341 - .074 .112 - .187

- .188 - .076 .000 - .089 .000 - .183 .351 - .379 - .127

.439 .076 .000 - .089 .250 .548 .251 - .076 .381

- .048 .019 .000 .068 .000 .603 .191 .019 .226

1.000 .333 - .362 .011 .063 - .084 - .069 - .124 - .112

.333 1.000 - .088 .392 - .531 - .138 .008 .264 - .366

- .362 - .088 1.000 .309 .000 - .070 .174 .088 .147

.011 .392 .309 1.000 - .089 - .228 .098 - .041 - .023

.063 - .531 .000 - .089 1.000 .304 .551 - .076 .635

- .084 - .138 - .070 - .228 .304 1.000 .140 .305 .170

- .069 .008 .174 .098 .551 .140 1.000 .008 .649

- .124 .264 .088 - .041 - .076 .305 .008 1.000 - .212

- .112 - .366 .147 - .023 .635 .170 .649 - .212 1.000

.276 .103 .088 .257 .227 .434 - .129 .287 .212

.538 .593 - .330 .051 .095 .360 - .010 .361 - .121

.009 - .209 .251 - .427 .508 .380 .196 - .033 .276

- .009 - .143 .084 .013 .218 .609 .036 .385 .166

.271 .404 .293 .339 - .127 .046 .242 .250 - .290

.175 .597 .000 .113 - .381 - .108 - .395 .597 - .613

.218 .162 .453 .170 - .168 .143 - .332 .298 - .100

.302 .527 .000 .143 - .401 - .163 - .563 .365 - .475

.179 .165 .097 - .015 .252 .603 .429 .369 .234

.095 .115 .218 .000 .189 .460 .379 .344 .288

.376 .152 .144 .000 .250 .365 .401 .152 .254

.112 .212 .147 .023 .000 .448 .267 .212 .032

.053 .216 .097 .164 .084 .725 .059 .420 .064
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Inter-Item Correlation Matrix

F17 F18 F19 F20 F21 F22 F23 F24

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

F29

F30

- .313 - .069 .507 - .028 .028 .477 .510 - .211 .312

.029 - .052 .281 .016 - .148 - .201 .316 - .013 .424

.080 .240 .060 .046 .505 .241 - .080 .106 - .169

- .135 - .188 .124 .335 - .060 - .015 - .045 - .153 - .032

- .187 .246 .084 - .193 .364 .262 .037 .017 - .079

- .127 - .531 - .286 - .073 - .218 .381 - .254 - .505 - .535

.381 .531 .477 .363 .363 .254 - .127 .393 .000

.226 .135 .170 - .092 .240 .097 - .097 .071 - .068

- .112 .276 .538 .009 - .009 .271 .175 .218 .302

- .366 .103 .593 - .209 - .143 .404 .597 .162 .527

.147 .088 - .330 .251 .084 .293 .000 .453 .000

- .023 .257 .051 - .427 .013 .339 .113 .170 .143

.635 .227 .095 .508 .218 - .127 - .381 - .168 - .401

.170 .434 .360 .380 .609 .046 - .108 .143 - .163

.649 - .129 - .010 .196 .036 .242 - .395 - .332 - .563

- .212 .287 .361 - .033 .385 .250 .597 .298 .365

1.000 .212 - .121 .276 .166 - .290 - .613 - .100 - .475

.212 1.000 .564 .209 .671 .212 .173 .655 .284

- .121 .564 1.000 .263 .180 .266 .605 .310 .561

.276 .209 .263 1.000 .011 - .166 - .055 .269 - .039

.166 .671 .180 .011 1.000 .313 - .092 .252 - .116

- .290 .212 .266 - .166 .313 1.000 .290 .242 .068

- .613 .173 .605 - .055 - .092 .290 1.000 .385 .882

- .100 .655 .310 .269 .252 .242 .385 1.000 .510

- .475 .284 .561 - .039 - .116 .068 .882 .510 1.000

.234 .344 .432 .377 .207 .234 .021 .386 - .135

.288 .115 .144 .329 .110 - .096 - .096 .254 - .101

.254 .303 .191 .290 .435 .254 - .254 .112 - .267

.032 - .058 .121 .166 .129 .032 - .032 .100 - .068

.064 .598 .496 .134 .645 .234 .192 .348 .135
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Inter-Item Correlation Matrix

F25 F26 F27 F28 F29 F30

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

F29

F30

.312 .054 - .098 .130 .181 .359

.424 .019 .257 - .113 .316 .247

- .169 .265 .000 .000 .080 .478

- .032 .149 .268 .237 .375 .189

- .079 .173 .111 .295 .337 .668

- .535 - .084 - .378 - .125 - .127 - .252

.000 .587 .378 .500 .381 .587

- .068 .490 .384 .127 .548 .661

.302 .179 .095 .376 .112 .053

.527 .165 .115 .152 .212 .216

.000 .097 .218 .144 .147 .097

.143 - .015 .000 .000 .023 .164

- .401 .252 .189 .250 .000 .084

- .163 .603 .460 .365 .448 .725

- .563 .429 .379 .401 .267 .059

.365 .369 .344 .152 .212 .420

- .475 .234 .288 .254 .032 .064

.284 .344 .115 .303 - .058 .598

.561 .432 .144 .191 .121 .496

- .039 .377 .329 .290 .166 .134

- .116 .207 .110 .435 .129 .645

.068 .234 - .096 .254 .032 .234

.882 .021 - .096 - .254 - .032 .192

.510 .386 .254 .112 .100 .348

1.000 - .135 - .101 - .267 - .068 .135

- .135 1.000 .761 .504 .618 .606

- .101 .761 1.000 .661 .864 .507

- .267 .504 .661 1.000 .635 .504

- .068 .618 .864 .635 1.000 .618

.135 .606 .507 .504 .618 1.000

Summary Item Statistics

Mean Minimum Maximum Range
Maximum / 

Minimum Variance

Item Means

Item Variances

3.804 3.188 4.500 1.313 1.412 .126 3 0

.514 .229 1.183 .954 5.164 .039 3 0
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Summary Item Statistics

N of Items

Item Means

Item Variances

3 0

3 0

ANOVA

Sum of 
Squares df Mean Square F Sig

Between People

Within People Between Items

Residual

Total

Total

40.325 1 5 2.688

58.467 2 9 2.016 4.596 .000

190.800 435 .439

249.267 464 .537

289.592 479 .605

Grand Mean = 3.80

     

   
 FLEISS MULTIRATER KAPPA  Respondent Exp_Domain Region 
  /CRITERIA  IGNORE_CASE=FALSE 
  ASYMPTOTIC_CILEVEL=95 
  /MISSING  CLASSMISSING=EXCLUDE.

Fleiss Multirater Kappa
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Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Weight Handling

Syntax

Resources Processor Time

Elapsed Time

13-APR-2021 12:19:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/003-JEDT-
LeanBIM CSFs 
Delphi/SPSS27/SPSS-
LeanBIM CSFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

User-defined missing 
values are treated as 
missing.

Only cases with valid 
data for all analysis 
variables are used in 
computing any statistics.

not applicable

FLEISS MULTIRATER 
KAPPA  Respondent 
Exp_Domain Region
  /CRITERIA  
IGNORE_CASE=FALSE
  
ASYMPTOTIC_CILEVEL=9
5
  /MISSING  
CLASSMISSING=EXCLUDE
.

00:00:00.03

00:00:00.00

Overall Agreement a

Kappa

Asymptotic
Asymptotic 95% Confidence 

Interval

Standard Error z Sig. Lower Bound Upper Bound

Overall Agreement - .037 .074 - .505 .613 - .182 .108

Sample data contains 16 effective subjects and 3 raters.a. 
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MEANS TABLES=F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F1
9 F20 F21 F22 F23 F24 
    F25 F26 F27 F28 F29 F30 BY Respondent Exp_Domain Region 
  /CELLS=MEAN STDDEV VAR COUNT.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

13-APR-2021 12:41:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/003-JEDT-
LeanBIM CSFs 
Delphi/SPSS27/SPSS-
LeanBIM CSFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.

MEANS TABLES=F1 F2 
F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 
F15 F16 F17 F18 F19 
F20 F21 F22 F23 F24
    F25 F26 F27 F28 F29 
F30 BY Respondent 
Exp_Domain Region
  /CELLS=MEAN STDDEV 
VAR COUNT.

00:00:00.34
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Notes

Resources Processor Time

Elapsed Time

00:00:00.34

00:00:00.00

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

F1  * Respondent

F2  * Respondent

F3  * Respondent

F4  * Respondent

F5  * Respondent

F6  * Respondent

F7  * Respondent

F8  * Respondent

F9  * Respondent

F10  * Respondent

F11  * Respondent

F12  * Respondent

F13  * Respondent

F14  * Respondent

F15  * Respondent

F16  * Respondent

F17  * Respondent

F18  * Respondent

F19  * Respondent

F20  * Respondent

F21  * Respondent

F22  * Respondent

F23  * Respondent

F24  * Respondent

F25  * Respondent

F26  * Respondent

F27  * Respondent

F28  * Respondent

F29  * Respondent

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

F30  * Respondent

F1  * Experience Domain

F2  * Experience Domain

F3  * Experience Domain

F4  * Experience Domain

F5  * Experience Domain

F6  * Experience Domain

F7  * Experience Domain

F8  * Experience Domain

F9  * Experience Domain

F10  * Experience 
Domain

F11  * Experience 
Domain

F12  * Experience 
Domain

F13  * Experience 
Domain

F14  * Experience 
Domain

F15  * Experience 
Domain

F16  * Experience 
Domain

F17  * Experience 
Domain

F18  * Experience 
Domain

F19  * Experience 
Domain

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

F20  * Experience 
Domain

F21  * Experience 
Domain

F22  * Experience 
Domain

F23  * Experience 
Domain

F24  * Experience 
Domain

F25  * Experience 
Domain

F26  * Experience 
Domain

F27  * Experience 
Domain

F28  * Experience 
Domain

F29  * Experience 
Domain

F30  * Experience 
Domain

F1  * Region

F2  * Region

F3  * Region

F4  * Region

F5  * Region

F6  * Region

F7  * Region

F8  * Region

F9  * Region

F10  * Region

F11  * Region

F12  * Region

F13  * Region

F14  * Region

F15  * Region

F16  * Region

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

F17  * Region

F18  * Region

F19  * Region

F20  * Region

F21  * Region

F22  * Region

F23  * Region

F24  * Region

F25  * Region

F26  * Region

F27  * Region

F28  * Region

F29  * Region

F30  * Region

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F1 F2 F3 F4 F5 F6 F7

1 Mean

Std. Deviation

Variance

N

2 Mean

Std. Deviation

Variance

N

3 Mean

Std. Deviation

Variance

N

4 Mean

Std. Deviation

Variance

N

4.00 3.00 5.00 3.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 4.00 3.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 5.00 4.00 4.00 4.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 5.00 4.00 4.00 5.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 4.00 3.00 4.00 3.00 4.00 4.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F8 F9 F10 F11 F12 F13 F14

1 Mean

Std. Deviation

Variance

N

2 Mean

Std. Deviation

Variance

N

3 Mean

Std. Deviation

Variance

N

4 Mean

Std. Deviation

Variance

N

4.00 4.00 3.00 5.00 5.00 4.00 5.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 4.00 4.00 5.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 3.00 5.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 5.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 4.00 4.00 4.00 5.00 3.00
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 

F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F15 F16 F17 F18 F19 F20 F21

1 Mean

Std. Deviation

Variance

N

2 Mean

Std. Deviation

Variance

N

3 Mean

Std. Deviation

Variance

N

4 Mean

Std. Deviation

Variance

N

3.00 4.00 4.00 5.00 4.00 3.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 5.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 3.00 3.00 4.00 2.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 3.00 3.00 3.00 4.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 4.00 4.00 4.00 4.00 3.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F22 F23 F24 F25 F26 F27 F28

1 Mean

Std. Deviation

Variance

N

2 Mean

Std. Deviation

Variance

N

3 Mean

Std. Deviation

Variance

N

4 Mean

Std. Deviation

Variance

N

5.00 4.00 5.00 4.00 5.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 3.00 5.00 5.00 5.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 2.00 4.00 3.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 3.00 3.00 3.00 3.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 4.00 5.00 5.00 4.00 5.00
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 

F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F29 F30

1 Mean

Std. Deviation

Variance

N

2 Mean

Std. Deviation

Variance

N

3 Mean

Std. Deviation

Variance

N

4 Mean

Std. Deviation

Variance

N

4.00 5.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

5.00 5.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F1 F2 F3 F4 F5 F6 F7

5 Mean

Std. Deviation

Variance

N

6 Mean

Std. Deviation

Variance

N

7 Mean

Std. Deviation

Variance

N

8 Mean

Std. Deviation

Variance

N

9 Mean

Std. Deviation

Variance

N

1 0 Mean

Std. Deviation

Variance

N

1 1 Mean

Std. Deviation

Variance

N

1 2 Mean

Std. Deviation

Variance

N

1 3 Mean

Std. Deviation

Variance

N

4.00 5.00 4.00 3.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 5.00 4.00 3.00 4.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 3.00 4.00 4.00 4.00 4.00 3.00 2.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 5.00 5.00 4.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 5.00 4.00 4.00 4.00 2.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 5.00 5.00 5.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 4.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 3.00 4.00 4.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 4.00 3.00 3.00 5.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F8 F9 F10 F11 F12 F13 F14

5 Mean

Std. Deviation

Variance

N

6 Mean

Std. Deviation

Variance

N

7 Mean

Std. Deviation

Variance

N

8 Mean

Std. Deviation

Variance

N

9 Mean

Std. Deviation

Variance

N

1 0 Mean

Std. Deviation

Variance

N

1 1 Mean

Std. Deviation

Variance

N

1 2 Mean

Std. Deviation

Variance

N

1 3 Mean

Std. Deviation

Variance

N

4.00 3.00 3.00 4.00 4.00 4.00 5.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 5.00 5.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

2.00 4.00 3.00 4.00 4.00 4.00 4.00 2.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 2.00 2.00 5.00 4.00 4.00 5.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 3.00 5.00 5.00 3.00 4.00 2.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 4.00 4.00 2.00 5.00 2.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 5.00 5.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 5.00 5.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 3.00 4.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 5.00 5.00 4.00 5.00 5.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F15 F16 F17 F18 F19 F20 F21

5 Mean

Std. Deviation

Variance

N

6 Mean

Std. Deviation

Variance

N

7 Mean

Std. Deviation

Variance

N

8 Mean

Std. Deviation

Variance

N

9 Mean

Std. Deviation

Variance

N

1 0 Mean

Std. Deviation

Variance

N

1 1 Mean

Std. Deviation

Variance

N

1 2 Mean

Std. Deviation

Variance

N

1 3 Mean

Std. Deviation

Variance

N

3.00 4.00 4.00 4.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 4.00 4.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

2.00 3.00 3.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 3.00 3.00 4.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

2.00 3.00 4.00 4.00 3.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

2.00 4.00 3.00 4.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 3.00 4.00 4.00 4.00 3.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 3.00 3.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 2.00 5.00 4.00 4.00 4.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 3.00 5.00 4.00 4.00 4.00 4.00 4.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F22 F23 F24 F25 F26 F27 F28

5 Mean

Std. Deviation

Variance

N

6 Mean

Std. Deviation

Variance

N

7 Mean

Std. Deviation

Variance

N

8 Mean

Std. Deviation

Variance

N

9 Mean

Std. Deviation

Variance

N

1 0 Mean

Std. Deviation

Variance

N

1 1 Mean

Std. Deviation

Variance

N

1 2 Mean

Std. Deviation

Variance

N

1 3 Mean

Std. Deviation

Variance

N

3.00 4.00 4.00 4.00 5.00 5.00 4.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 4.00 5.00 3.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 3.00 4.00 2.00 2.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 3.00 3.00 4.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 4.00 2.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 4.00 5.00 5.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 5.00 4.00 5.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 3.00 4.00 5.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 3.00 5.00 5.00 5.00 5.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F29 F30

5 Mean

Std. Deviation

Variance

N

6 Mean

Std. Deviation

Variance

N

7 Mean

Std. Deviation

Variance

N

8 Mean

Std. Deviation

Variance

N

9 Mean

Std. Deviation

Variance

N

1 0 Mean

Std. Deviation

Variance

N

1 1 Mean

Std. Deviation

Variance

N

1 2 Mean

Std. Deviation

Variance

N

1 3 Mean

Std. Deviation

Variance

N

5.00 5.00

. .

. .

1 1

3.00 4.00

. .

. .

1 1

3.00 4.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

5.00 5.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

5.00 4.00

. .

. .

1 1

4.00 4.00

. .

. .

1 1

5.00 5.00
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F1 F2 F3 F4 F5 F6 F7

1 4 Mean

Std. Deviation

Variance

N

1 5 Mean

Std. Deviation

Variance

N

1 6 Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 5.00 4.00 5.00 3.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 3.00 3.00 4.00 2.00 2.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.31 4.12 4.25 3.94 3.88 3.50 3.50 3.37

.704 .806 .577 .772 .619 .730 .730 .719

.496 .650 .333 .596 .383 .533 .533 .517

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F8 F9 F10 F11 F12 F13 F14

1 4 Mean

Std. Deviation

Variance

N

1 5 Mean

Std. Deviation

Variance

N

1 6 Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

4.00 3.00 4.00 5.00 5.00 4.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 5.00 4.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

2.00 3.00 3.00 4.00 4.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.37 3.56 3.31 4.50 4.44 3.50 4.19 3.19

.719 .727 .602 .632 .512 .730 .750 .911

.517 .529 .362 .400 .262 .533 .562 .829

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F15 F16 F17 F18 F19 F20 F21

1 4 Mean

Std. Deviation

Variance

N

1 5 Mean

Std. Deviation

Variance

N

1 6 Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

5.00 3.00 5.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 3.00 4.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 3.00 3.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.19 3.31 3.88 3.69 3.69 3.44 3.56 3.88

.911 .602 .719 .602 .479 .629 .629 .719

.829 .362 .517 .362 .229 .396 .396 .517

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F22 F23 F24 F25 F26 F27 F28

1 4 Mean

Std. Deviation

Variance

N

1 5 Mean

Std. Deviation

Variance

N

1 6 Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

4.00 3.00 3.00 3.00 5.00 5.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 4.00 5.00 4.00 5.00 4.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.88 3.63 3.56 3.75 3.88 4.00 4.00 4.12

.719 .719 .814 .683 1.088 .966 .730 .719

.517 .517 .662 .467 1.183 .933 .533 .517

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Respondent

Respondent F29 F30

1 4 Mean

Std. Deviation

Variance

N

1 5 Mean

Std. Deviation

Variance

N

1 6 Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

5.00 5.00

. .

. .

1 1

5.00 4.00

. .

. .

1 1

3.00 3.00

. .

. .

1 1

4.12 4.19

.719 .544

.517 .296

1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Experience Domain

Experience Domain F1 F2 F3 F4 F5 F6

Academic Mean

Std. Deviation

Variance

N

Indus. prof. Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

4.50 4.13 4.38 3.75 3.87 3.63 3.50

.535 .835 .518 .707 .354 .744 .535

.286 .696 .268 .500 .125 .554 .286

8 8 8 8 8 8 8

4.13 4.13 4.13 4.13 3.88 3.38 3.50

.835 .835 .641 .835 .835 .744 .926

.696 .696 .411 .696 .696 .554 .857

8 8 8 8 8 8 8

4.31 4.12 4.25 3.94 3.88 3.50 3.50

.704 .806 .577 .772 .619 .730 .730

.496 .650 .333 .596 .383 .533 .533

1 6 1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Experience Domain

Experience Domain F7 F8 F9 F10 F11 F12

Academic Mean

Std. Deviation

Variance

N

Indus. prof. Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

3.50 3.50 3.38 3.13 4.38 4.38 3.75

.535 .756 .744 .641 .744 .518 .707

.286 .571 .554 .411 .554 .268 .500

8 8 8 8 8 8 8

3.50 3.25 3.75 3.50 4.62 4.50 3.25

.926 .707 .707 .535 .518 .535 .707

.857 .500 .500 .286 .268 .286 .500

8 8 8 8 8 8 8

3.50 3.37 3.56 3.31 4.50 4.44 3.50

.730 .719 .727 .602 .632 .512 .730

.533 .517 .529 .362 .400 .262 .533

1 6 1 6 1 6 1 6 1 6 1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Experience Domain

Experience Domain F13 F14 F15 F16 F17 F18

Academic Mean

Std. Deviation

Variance

N

Indus. prof. Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

3.75 4.38 3.25 3.50 3.88 3.75 3.75

.707 .744 .886 .535 .641 .707 .463

.500 .554 .786 .286 .411 .500 .214

8 8 8 8 8 8 8

3.25 4.00 3.13 3.13 3.88 3.62 3.63

.707 .756 .991 .641 .835 .518 .518

.500 .571 .982 .411 .696 .268 .268

8 8 8 8 8 8 8

3.50 4.19 3.19 3.31 3.88 3.69 3.69

.730 .750 .911 .602 .719 .602 .479

.533 .562 .829 .362 .517 .362 .229

1 6 1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Experience Domain

Experience Domain F19 F20 F21 F22 F23 F24

Academic Mean

Std. Deviation

Variance

N

Indus. prof. Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

3.75 3.38 3.75 4.00 3.75 3.38 3.75

.463 .744 .707 .756 .707 .916 .707

.214 .554 .500 .571 .500 .839 .500

8 8 8 8 8 8 8

3.63 3.50 3.38 3.75 3.50 3.75 3.75

.518 .535 .518 .707 .756 .707 .707

.268 .286 .268 .500 .571 .500 .500

8 8 8 8 8 8 8

3.69 3.44 3.56 3.88 3.63 3.56 3.75

.479 .629 .629 .719 .719 .814 .683

.229 .396 .396 .517 .517 .662 .467

1 6 1 6 1 6 1 6 1 6 1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Experience Domain

Experience Domain F25 F26 F27 F28 F29 F30

Academic Mean

Std. Deviation

Variance

N

Indus. prof. Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

3.75 3.75 3.63 3.75 3.88 4.25

.707 1.165 1.061 .707 .641 .463

.500 1.357 1.125 .500 .411 .214

8 8 8 8 8 8

3.75 4.00 4.38 4.25 4.38 4.13

.707 1.069 .744 .707 .744 .641

.500 1.143 .554 .500 .554 .411

8 8 8 8 8 8

3.75 3.88 4.00 4.00 4.12 4.19

.683 1.088 .966 .730 .719 .544

.467 1.183 .933 .533 .517 .296

1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Region

Region F1 F2 F3 F4 F5 F6 F7

East Mean

Std. Deviation

Variance

N

West Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

4.25 4.25 4.13 3.88 3.75 3.25 3.63 3.38

.707 .886 .354 .641 .463 .707 .744 .744

.500 .786 .125 .411 .214 .500 .554 .554

8 8 8 8 8 8 8 8

4.38 4.00 4.37 4.00 4.00 3.75 3.38 3.38

.744 .756 .744 .926 .756 .707 .744 .744

.554 .571 .554 .857 .571 .500 .554 .554

8 8 8 8 8 8 8 8

4.31 4.12 4.25 3.94 3.88 3.50 3.50 3.37

.704 .806 .577 .772 .619 .730 .730 .719

.496 .650 .333 .596 .383 .533 .533 .517

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Region

Region F8 F9 F10 F11 F12 F13 F14

East Mean

Std. Deviation

Variance

N

West Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

3.38 3.88 3.38 4.38 4.50 3.50 4.25 2.75

.744 .641 .518 .744 .535 .535 .463 .463

.554 .411 .268 .554 .286 .286 .214 .214

8 8 8 8 8 8 8 8

3.38 3.25 3.25 4.62 4.38 3.50 4.13 3.63

.744 .707 .707 .518 .518 .926 .991 1.061

.554 .500 .500 .268 .268 .857 .982 1.125

8 8 8 8 8 8 8 8

3.37 3.56 3.31 4.50 4.44 3.50 4.19 3.19

.719 .727 .602 .632 .512 .730 .750 .911

.517 .529 .362 .400 .262 .533 .562 .829

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Region

Region F15 F16 F17 F18 F19 F20 F21

East Mean

Std. Deviation

Variance

N

West Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

2.75 3.25 3.63 3.88 3.87 3.50 3.63 3.88

.463 .707 .744 .641 .354 .756 .744 .835

.214 .500 .554 .411 .125 .571 .554 .696

8 8 8 8 8 8 8 8

3.63 3.38 4.13 3.50 3.50 3.38 3.50 3.88

1.061 .518 .641 .535 .535 .518 .535 .641

1.125 .268 .411 .286 .286 .268 .286 .411

8 8 8 8 8 8 8 8

3.19 3.31 3.88 3.69 3.69 3.44 3.56 3.88

.911 .602 .719 .602 .479 .629 .629 .719

.829 .362 .517 .362 .229 .396 .396 .517

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Region

Region F22 F23 F24 F25 F26 F27 F28

East Mean

Std. Deviation

Variance

N

West Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

3.88 3.87 3.88 4.13 3.75 3.88 3.87 4.13

.835 .641 .991 .354 1.282 .991 .354 .641

.696 .411 .982 .125 1.643 .982 .125 .411

8 8 8 8 8 8 8 8

3.88 3.38 3.25 3.38 4.00 4.13 4.13 4.13

.641 .744 .463 .744 .926 .991 .991 .835

.411 .554 .214 .554 .857 .982 .982 .696

8 8 8 8 8 8 8 8

3.88 3.63 3.56 3.75 3.88 4.00 4.00 4.12

.719 .719 .814 .683 1.088 .966 .730 .719

.517 .517 .662 .467 1.183 .933 .533 .517

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 
F21 F22 F23 F24 F25 F26 F27 F28 F29 F30  * Region

Region F29 F30

East Mean

Std. Deviation

Variance

N

West Mean

Std. Deviation

Variance

N

Total Mean

Std. Deviation

Variance

N

4.13 4.25

.641 .463

.411 .214

8 8

4.13 4.13

.835 .641

.696 .411

8 8

4.12 4.19

.719 .544

.517 .296

1 6 1 6
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  NPAR TESTS 
  /M-W= F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20
 F21 F22 F23 F24 F25 
    F26 F27 F28 F29 F30 BY Exp_Domain(1 2) 
  /STATISTICS=DESCRIPTIVES QUARTILES 
  /MISSING ANALYSIS.

NPar Tests

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

13-APR-2021 12:46:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/003-JEDT-
LeanBIM CSFs 
Delphi/SPSS27/SPSS-
LeanBIM CSFs-Delphi-
Round-2.sav

DataSet1

<none>

<none>

<none>

1 6

User-defined missing 
values are treated as 
missing.

Statistics for each test 
are based on all cases 
with valid data for the 
variable(s) used in that 
test.

NPAR TESTS
  /M-W= F1 F2 F3 F4 F5 
F6 F7 F8 F9 F10 F11 
F12 F13 F14 F15 F16 
F17 F18 F19 F20 F21 
F22 F23 F24 F25
    F26 F27 F28 F29 F30 
BY Exp_Domain(1 2)
  
/STATISTICS=DESCRIPTI
VES QUARTILES
  /MISSING ANALYSIS.

00:00:00.09
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Notes

Resources Processor Time

Elapsed Time

Number of Cases Alloweda

00:00:00.09

00:00:01.00

87381

Based on availability of workspace memory.a. 

[DataSet1] /Users/user/Desktop/UoB-ME PhD Papers/003-JEDT-LeanBIM CSFs Delphi/
SPSS27/SPSS-LeanBIM CSFs-Delphi-Round-2.sav

Descriptive Statistics

N Mean Std. Deviation Minimum Maximum

Percentile...

25th

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

1 6 4.31 .704 3 5 4.00 4.00

1 6 4.12 .806 3 5 3.25 4.00

1 6 4.25 .577 3 5 4.00 4.00

1 6 3.94 .772 3 5 3.00 4.00

1 6 3.88 .619 3 5 3.25 4.00

1 6 3.50 .730 2 5 3.00 3.50

1 6 3.50 .730 2 5 3.00 3.50

1 6 3.37 .719 2 4 3.00 3.50

1 6 3.56 .727 2 5 3.00 4.00

1 6 3.31 .602 2 4 3.00 3.00

1 6 4.50 .632 3 5 4.00 5.00

1 6 4.44 .512 4 5 4.00 4.00

1 6 3.50 .730 2 5 3.00 3.50

1 6 4.19 .750 3 5 4.00 4.00

1 6 3.19 .911 2 5 3.00 3.00

1 6 3.31 .602 2 4 3.00 3.00

1 6 3.88 .719 3 5 3.00 4.00

1 6 3.69 .602 3 5 3.00 4.00

1 6 3.69 .479 3 4 3.00 4.00

1 6 3.44 .629 2 4 3.00 3.50

1 6 3.56 .629 3 5 3.00 3.50

1 6 3.88 .719 3 5 3.00 4.00

1 6 3.63 .719 3 5 3.00 3.50

1 6 3.56 .814 2 5 3.00 3.50

1 6 3.75 .683 3 5 3.00 4.00

1 6 3.88 1.088 2 5 3.00 4.00
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Descriptive Statistics

Percentiles

50th (Median) 75th

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

4.00 5.00

4.00 5.00

4.00 5.00

4.00 4.75

4.00 4.00

3.50 4.00

3.50 4.00

3.50 4.00

4.00 4.00

3.00 4.00

5.00 5.00

4.00 5.00

3.50 4.00

4.00 5.00

3.00 3.75

3.00 4.00

4.00 4.00

4.00 4.00

4.00 4.00

3.50 4.00

3.50 4.00

4.00 4.00

3.50 4.00

3.50 4.00

4.00 4.00

4.00 5.00
Descriptive Statistics

N Mean Std. Deviation Minimum Maximum

Percentile...

25th

F26

F27

F28

F29

F30

Experience Domain

1 6 3.88 1.088 2 5 3.00 4.00

1 6 4.00 .966 2 5 3.00 4.00

1 6 4.00 .730 3 5 3.25 4.00

1 6 4.12 .719 3 5 4.00 4.00

1 6 4.19 .544 3 5 4.00 4.00

1 6 1.50 .516 1 2 1.00 1.50
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Descriptive Statistics

Percentiles

50th (Median) 75th

F26

F27

F28

F29

F30

Experience Domain

4.00 5.00

4.00 5.00

4.00 4.75

4.00 5.00

4.00 4.75

1.50 2.00

Mann-Whitney Test

Ranks

Experience Domain N Mean Rank Sum of Ranks

F1 Academic

Indus. prof.

Total

F2 Academic

Indus. prof.

Total

F3 Academic

Indus. prof.

Total

F4 Academic

Indus. prof.

Total

F5 Academic

Indus. prof.

Total

F6 Academic

Indus. prof.

Total

F7 Academic

Indus. prof.

Total

F8 Academic

Indus. prof.

Total

8 9.50 76.00

8 7.50 60.00

1 6

8 8.50 68.00

8 8.50 68.00

1 6

8 9.31 74.50

8 7.69 61.50

1 6

8 7.44 59.50

8 9.56 76.50

1 6

8 8.63 69.00

8 8.38 67.00

1 6

8 9.00 72.00

8 8.00 64.00

1 6

8 8.50 68.00

8 8.50 68.00

1 6

8 9.38 75.00

8 7.63 61.00

1 6

8 7.56 60.50
Page 4



Ranks

Experience Domain N Mean Rank Sum of Ranks

F9 Academic

Indus. prof.

Total

F10 Academic

Indus. prof.

Total

F11 Academic

Indus. prof.

Total

F12 Academic

Indus. prof.

Total

F13 Academic

Indus. prof.

Total

F14 Academic

Indus. prof.

Total

F15 Academic

Indus. prof.

Total

F16 Academic

Indus. prof.

Total

F17 Academic

Indus. prof.

Total

F18 Academic

Indus. prof.

Total

F19 Academic

Indus. prof.

Total

F20 Academic

Indus. prof.

Total

8 7.56 60.50

8 9.44 75.50

1 6

8 7.25 58.00

8 9.75 78.00

1 6

8 7.81 62.50

8 9.19 73.50

1 6

8 8.00 64.00

8 9.00 72.00

1 6

8 9.88 79.00

8 7.13 57.00

1 6

8 9.63 77.00

8 7.38 59.00

1 6

8 8.88 71.00

8 8.13 65.00

1 6

8 9.75 78.00

8 7.25 58.00

1 6

8 8.56 68.50

8 8.44 67.50

1 6

8 8.81 70.50

8 8.19 65.50

1 6

8 9.00 72.00

8 8.00 64.00

1 6

8 8.25 66.00

8 8.75 70.00

1 6

8 9.69 77.50
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Ranks

Experience Domain N Mean Rank Sum of Ranks

F21 Academic

Indus. prof.

Total

F22 Academic

Indus. prof.

Total

F23 Academic

Indus. prof.

Total

F24 Academic

Indus. prof.

Total

F25 Academic

Indus. prof.

Total

F26 Academic

Indus. prof.

Total

F27 Academic

Indus. prof.

Total

F28 Academic

Indus. prof.

Total

F29 Academic

Indus. prof.

Total

F30 Academic

Indus. prof.

Total

8 9.69 77.50

8 7.31 58.50

1 6

8 9.25 74.00

8 7.75 62.00

1 6

8 9.38 75.00

8 7.63 61.00

1 6

8 7.44 59.50

8 9.56 76.50

1 6

8 8.50 68.00

8 8.50 68.00

1 6

8 8.00 64.00

8 9.00 72.00

1 6

8 6.81 54.50

8 10.19 81.50

1 6

8 7.00 56.00

8 10.00 80.00

1 6

8 6.94 55.50

8 10.06 80.50

1 6

8 8.88 71.00

8 8.13 65.00

1 6
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Test Statisticsa

F1 F2 F3 F4 F5 F6

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

24.000 32.000 25.500 23.500 31.000 28.000 32.000

60.000 68.000 61.500 59.500 67.000 64.000 68.000

- .920 .000 - .800 - .955 - .122 - .460 .000

.358 1.000 .424 .340 .903 .646 1.000

.442b 1.000 b .505b .382b .959b .721b 1.000 b

Test Statisticsa

F7 F8 F9 F10 F11 F12

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

32.000 25.000 24.500 22.000 26.500 28.000 21.000

68.000 61.000 60.500 58.000 62.500 64.000 57.000

.000 - .810 - .867 -1 .195 - .657 - .488 -1 .264

1.000 .418 .386 .232 .511 .626 .206

1.000 b .505b .442b .328b .574b .721b .279b

Test Statisticsa

F13 F14 F15 F16 F17 F18

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

21.000 23.000 29.000 22.000 31.500 29.500 28.000

57.000 59.000 65.000 58.000 67.500 65.500 64.000

-1 .264 -1 .019 - .349 -1 .195 - .057 - .299 - .522

.206 .308 .727 .232 .954 .765 .602

.279b .382b .798b .328b .959b .798b .721b

Test Statisticsa

F19 F20 F21 F22 F23 F24

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

28.000 30.000 22.500 26.000 25.000 23.500 32.000

64.000 66.000 58.500 62.000 61.000 59.500 68.000

- .522 - .236 -1 .120 - .687 - .810 - .960 .000

.602 .814 .263 .492 .418 .337 1.000

.721b .878b .328b .574b .505b .382b 1.000 b
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Test Statisticsa

F25 F26 F27 F28 F29 F30

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

32.000 28.000 18.500 20.000 19.500 29.000

68.000 64.000 54.500 56.000 55.500 65.000

.000 - .439 -1 .491 -1 .369 -1 .431 - .387

1.000 .661 .136 .171 .152 .699

1.000 b .721b .161b .234b .195b .798b

Grouping Variable: Experience Domaina. 

Not corrected for ties.b. 
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468 

 

 

Appendix C: Barriers to integrating building information modelling (BIM) and LC 

practices on construction megaprojects: A Delphi study 

Appendix C consists of following part(s): - 

Part C1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire  

Part C1: A Delphi study questionnaire (Google Forms) 

Part C2: Statistical analysis using IBM® SPSS® Statistics Version 27 for MacOS 
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Part C1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire 
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Part C2: A Delphi study questionnaire (Google Forms) 
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1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

Barriers to integrating building
information modelling (BIM) and lean
construction practices on construction
mega-projects: a Delphi study
There are three sections of the questionnaire 

* Required
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(1) Consultants (i.e. Designer, Architect, Supervision, Project Management)

(2) Main Contractors (including subcontractors, trade contractors)

(3) Clients (i.e. Governmental, semi-governmental, real estate developers, municipal)

(4) Academics

Other:

(1) Senior Management ( i.e. Director Program Manager)

(2) Manager (i.e. Department, Project, Construction)

(3) Senior Level Resident Engineer/Client Consultant

(4) Mid Level (Engineering)

(5) Junior Level (Engineering)

1.1 Organisation set-up *
How do you describe the category of your current organisation?

1.2 Career level *
How do you classify the level of your current role in your organisation?
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(1) Mega-project(s) ( > 1Billion USD)

(2) Large-scale project(s) (>500 Million to 1 Billion)

(3) Medium-scale project(s) (>100 M to 500 M)

(4) Small-scale project(s) (>50 M to 100 M)

(5) Research or project(s) < 50 M

(1) More than 20 years

(2) 16-20 years

(3) 11-15 years

(4) 5-10 years

(5) Less than 5 years

1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

1.3 Size of current project(s) *
Please select the appropriate scale of your largest current project

1.4 Experience in the construction industry *
Please select the appropriate band of your years of experience in the construction industry
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(1) Infrastructure

(2) Metro/LRT

(3) Building

(4) Industrial

Other:

(1) Lump Sum Contracts

(2) Measurement Contracts

(3) Cost Reimbursed Contracts

(4) Design and Build (DB) Contracts

Other:

1.5 Type of project(s) *
Please select the type of your largest current project from the list below

1.6 Type of contract *
Please select the type of contract of your largest current project from the list below
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(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

1.7 Awareness of BIM *
What is your level of knowledge of BIM?

1.8 Knowledge of lean construction practices *
What is your level of knowledge of lean construction (LC)?
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(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

2. Barriers to integrating Building Information Modelling (BIM) and lean
construction practices on construction mega-projects

1.9 Knowledge of integrate project delivery (IPD) *
What is your level of knowledge of integrate project delivery (IPD)?

In the context of construction mega-projects, please indicate the extent to
which you agree or disagree with the following statements regarding technical
related barriers to integrating BIM and LC practices: *

(1) Strongly
disagree

(2) Disagree (4) Neutral (4) Agree
(5) Strongly

agree

B01: Increased
workload for
model
development

B02: Lack of
legal
frameworks, and
contract
uncertainties of

B01: Increased
workload for
model
development

B02: Lack of
legal
frameworks, and
contract
uncertainties of



5/12/21, 8:18 PMBarriers to integrating building information modelling (BIM) and lean construction practices on construction mega-projects: a Delphi study

Page 7 of 12https://docs.google.com/forms/d/1TLHFcvz4SAeTaUxHRYREx2HyBT8SrzgM1bEtGzRsBvQ/prefill

BIM and lean
construction
(LC)

B03:
Incompatibility
issues between
various software
packages

B04: Varied
market
readiness
across
organisations
and geographic
locations

B05: Resistance
of industry to
change from
traditional
working
practices

B06: Societal
reluctance to
change from
traditional
values or
cultures

B07: Lack of
insurance
applicable to
BIM, LC and
LeanBIM
adoption

B08: Lack of
initiatives and
hesitance on

BIM and lean
construction
(LC)

B03:
Incompatibility
issues between
various software
packages

B04: Varied
market
readiness
across
organisations
and geographic
locations

B05: Resistance
of industry to
change from
traditional
working
practices

B06: Societal
reluctance to
change from
traditional
values or
cultures

B07: Lack of
insurance
applicable to
BIM, LC and
LeanBIM
adoption

B08: Lack of
initiatives and
hesitance on
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2. Barriers to integrating Building Information Modelling (BIM) and lean
construction practices on construction mega-projects

future
investments

B09:
Organisational
challenges,
project
strategies, and
policies

B10: Immature
dispute
resolution
mechanisms for
BIM, LC and
LeanBIM
adoption

future
investments

B09:
Organisational
challenges,
project
strategies, and
policies

B10: Immature
dispute
resolution
mechanisms for
BIM, LC and
LeanBIM
adoption

In the context of construction mega-projects, please indicate the extent to
which you agree or disagree with the following statements regarding technical
related barriers to integrating BIM and LC practices: *

(1) Strongly
disagree

(2) Disagree (4) Neutral (4) Agree
(5) Strongly

agree

B11: Lack of
awareness and
collaboration
among project
stakeholders

B12:
Fragmented
nature of
construction

B11: Lack of
awareness and
collaboration
among project
stakeholders

B12:
Fragmented
nature of
construction
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industry

B13: Negative
attitudes
towards data
sharing

B14: User-
unfriendliness
of BIM analysis
software
programs

B15: Lack of a
well-established
BIM, LC and
LeanBIM
workflows

B16: High costs
of BIM software
licenses

B17: Ambiguous
economic
benefits

B18: High initial
investment in
sta! training
costs of BIM

B19: Lack of
mandatory BIM
and LC industry
standards and
regulations by
governments

B20: Lack of
involvement and
support of

industry

B13: Negative
attitudes
towards data
sharing

B14: User-
unfriendliness
of BIM analysis
software
programs

B15: Lack of a
well-established
BIM, LC and
LeanBIM
workflows

B16: High costs
of BIM software
licenses

B17: Ambiguous
economic
benefits

B18: High initial
investment in
sta! training
costs of BIM

B19: Lack of
mandatory BIM
and LC industry
standards and
regulations by
governments

B20: Lack of
involvement and
support of
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2. Barriers to integrating Building Information Modelling (BIM) and lean
construction practices on construction mega-projects

governmentsgovernments

In the context of construction mega-projects, please indicate the extent to
which you agree or disagree with the following statements regarding technical
related barriers to integrating BIM and LC practices: *

(1) Strongly
disagree

(2) Disagree (4) Neutral (4) Agree
(5) Strongly

agree

B21: Lack of
supporting lean
construction
(LC) analysis
tools and
software

B22: High
training and
implementation
costs and time
of BIM

B23: Intellectual
properties rights,
associated
disputed and
risks

B24: Lack of
senior
management
commitment and
clients demand

B25: Difficulty in

B21: Lack of
supporting lean
construction
(LC) analysis
tools and
software

B22: High
training and
implementation
costs and time
of BIM

B23: Intellectual
properties rights,
associated
disputed and
risks

B24: Lack of
senior
management
commitment and
clients demand

B25: Difficulty in
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Thank you for completing this survey

Thank you for taking the time to complete this questionnaire. Your assistance in providing this information 
is very much appreciated.

adapting to BIM
technologies and
processes

B26: Low level of
research in
industry and
academia

B27: Di"culty in
allocating and
sharing LC, BIM
and LeanBIM
risks

B28: Shortage of
cross-field
specialists in
BIM, LC and
LeanBIM

adapting to BIM
technologies and
processes

B26: Low level of
research in
industry and
academia

B27: Di"culty in
allocating and
sharing LC, BIM
and LeanBIM
risks

B28: Shortage of
cross-field
specialists in
BIM, LC and
LeanBIM

Please add any comments you may have in the context of Building Information
Modelling (BIM) and lean construction in the context of construction mega-
projects. If you would like to have a copy of the research findings, please include
your email address

Your answer
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Part C3: Statistical analysis using IBM® SPSS® Statistics Version 27 for MacOS



     

  RELIABILITY 
  /VARIABLES=B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B1
9 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 
  /SCALE('ALL VARIABLES') ALL 
  /MODEL=ALPHA 
  /STATISTICS=DESCRIPTIVE CORR ANOVA 
  /SUMMARY=MEANS VARIANCE CORR.

Reliability

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Matrix Input

Missing Value Handling Definition of Missing

Cases Used

13-APR-2021 13:03:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/004-BIJ-
LeanBIM CBFs 
Delphi/SPSS27/SPSS-
LeanBIM CBFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

User-defined missing 
values are treated as 
missing.

Statistics are based on 
all cases with valid data 
for all variables in the 
procedure.
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Notes

Syntax

Resources Processor Time

Elapsed Time

RELIABILITY
  /VARIABLES=B1 B2 B3 
B4 B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24
    B25 B26 B27 B28
  /SCALE('ALL 
VARIABLES') ALL
  /MODEL=ALPHA
  
/STATISTICS=DESCRIPTI
VE CORR ANOVA
  /SUMMARY=MEANS 
VARIANCE CORR.

00:00:00.07

00:00:00.00

[DataSet2] /Users/user/Desktop/UoB-ME PhD Papers/004-BIJ-LeanBIM CBFs Delphi/S
PSS27/SPSS-LeanBIM CBFs-Delphi-Round-2.sav

Scale: ALL VARIABLES

Case Processing Summary

N %

Cases Valid

Excludeda

Total

1 6 100.0

0 .0

1 6 100.0

Listwise deletion based on all variables in the procedure.a. 

Reliability Statistics

Cronbach's 
Alpha

Cronbach's 
Alpha Based 

on 
Standardized 

Items N of Items

.869 .867 2 8
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Item Statistics

Mean Std. Deviation N

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

3.81 .834 1 6

3.81 .655 1 6

3.94 .680 1 6

3.63 .885 1 6

3.63 .500 1 6

3.63 .806 1 6

3.75 .856 1 6

3.63 .719 1 6

3.81 .655 1 6

3.38 .885 1 6

3.81 .655 1 6

4.06 .680 1 6

3.56 .727 1 6

3.94 .680 1 6

3.56 .629 1 6

3.50 .516 1 6

4.00 .730 1 6

3.81 .544 1 6

3.63 .500 1 6

3.63 .500 1 6

3.50 .632 1 6

3.75 .577 1 6

3.63 .719 1 6

3.69 .602 1 6

3.69 .704 1 6

3.88 .719 1 6

3.88 .719 1 6

3.94 .574 1 6
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Inter-Item Correlation Matrix

B1 B2 B3 B4 B5 B6 B7 B8

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

1.000 .175 .331 .169 .140 .384 .490 .431 .297

.175 1.000 - .028 .216 - .025 - .142 - .089 .124 .068

.331 - .028 1.000 .623 - .270 .076 .315 .631 .271

.169 .216 .623 1.000 - .490 .163 .132 .393 .561

.140 - .025 - .270 - .490 1.000 .124 .234 - .417 - .025

.384 - .142 .076 .163 .124 1.000 .531 .316 .237

.490 - .089 .315 .132 .234 .531 1.000 .162 .030

.431 .124 .631 .393 - .417 .316 .162 1.000 .265

.297 .068 .271 .561 - .025 .237 .030 .265 1.000

.463 - .216 .485 .191 .188 .490 .484 .341 .014

.297 .223 .271 .216 .382 - .142 .386 - .018 .068

.022 .178 .009 - .291 .074 .410 .143 .324 - .271

.405 .236 .480 .453 - .298 .270 .562 .303 .236

.448 - .178 .712 .291 .123 .198 .544 .358 - .028

.214 - .051 .399 .045 .079 .312 .278 .203 - .374

.387 - .099 .285 .146 .000 - .160 .000 .000 .493

.109 .000 .000 - .516 .365 - .113 .000 .000 - .279

.652 .082 .507 .121 - .276 - .019 .322 .490 .082

.300 - .229 .123 .113 - .067 .289 .389 - .046 - .025

- .020 .382 .319 .414 - .067 .124 .389 .325 .382

.569 .402 .542 .476 .000 .261 .492 .440 .241

.035 .044 .467 .196 .115 .072 .135 .402 .044

.431 .124 .494 .393 .139 .201 .271 .226 .549

.274 .011 .275 - .109 .249 - .258 .097 .019 .180

.234 .009 .374 .227 .024 - .103 .415 .148 .298

.181 - .053 .256 .445 .046 .259 .271 .290 .796

.403 .372 .392 .550 - .510 .144 .271 .548 .230

- .026 .321 .331 .213 .145 - .054 .102 .263 .321
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Inter-Item Correlation Matrix

B9 B10 B11 B12 B13 B14 B15 B16

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

.297 .463 .297 .022 .405 .448 .214 .387 .109

.068 - .216 .223 .178 .236 - .178 - .051 - .099 .000

.271 .485 .271 .009 .480 .712 .399 .285 .000

.561 .191 .216 - .291 .453 .291 .045 .146 - .516

- .025 .188 .382 .074 - .298 .123 .079 .000 .365

.237 .490 - .142 .410 .270 .198 .312 - .160 - .113

.030 .484 .386 .143 .562 .544 .278 .000 .000

.265 .341 - .018 .324 .303 .358 .203 .000 .000

1.000 .014 .068 - .271 .236 - .028 - .374 .493 - .279

.014 1.000 .244 - .042 .065 .706 .314 .146 .000

.068 .244 1.000 - .271 .236 .421 .111 .099 - .139

- .271 - .042 - .271 1.000 .194 .009 .380 - .475 .268

.236 .065 .236 .194 1.000 .211 .282 .089 - .251

- .028 .706 .421 .009 .211 1.000 .399 .095 .134

- .374 .314 .111 .380 .282 .399 1.000 - .308 .435

.493 .146 .099 - .475 .089 .095 - .308 1.000 .000

- .279 .000 - .139 .268 - .251 .134 .435 .000 1.000

.082 .156 .082 .214 .621 .327 .134 .356 .000

- .025 .339 .382 - .123 .435 .123 .291 .258 - .183

.382 - .113 .382 .074 .435 .123 - .132 .000 - .183

.241 .476 .402 .232 .507 .542 .251 .000 .000

.044 .326 .397 .382 .198 .297 .229 - .224 - .158

.549 .550 .124 - .085 .175 .494 - .240 .539 - .127

.180 .109 .180 - .112 - .029 .112 - .209 .750 .152

.298 - .227 .298 .044 .496 .096 - .028 .275 - .130

.796 .183 .230 - .119 .271 .119 - .424 .180 - .381

.230 .183 .372 .017 .653 .256 .018 .000 - .381

.321 .049 .321 .352 .250 .160 - .081 - .113 .000
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Inter-Item Correlation Matrix

B17 B18 B19 B20 B21 B22 B23 B24

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

.109 .652 .300 - .020 .569 .035 .431 .274 .234

.000 .082 - .229 .382 .402 .044 .124 .011 .009

.000 .507 .123 .319 .542 .467 .494 .275 .374

- .516 .121 .113 .414 .476 .196 .393 - .109 .227

.365 - .276 - .067 - .067 .000 .115 .139 .249 .024

- .113 - .019 .289 .124 .261 .072 .201 - .258 - .103

.000 .322 .389 .389 .492 .135 .271 .097 .415

.000 .490 - .046 .325 .440 .402 .226 .019 .148

- .279 .082 - .025 .382 .241 .044 .549 .180 .298

.000 .156 .339 - .113 .476 .326 .550 .109 - .227

- .139 .082 .382 .382 .402 .397 .124 .180 .298

.268 .214 - .123 .074 .232 .382 - .085 - .112 .044

- .251 .621 .435 .435 .507 .198 .175 - .029 .496

.134 .327 .123 .123 .542 .297 .494 .112 .096

.435 .134 .291 - .132 .251 .229 - .240 - .209 - .028

.000 .356 .258 .000 .000 - .224 .539 .750 .275

1.000 .000 - .183 - .183 .000 - .158 - .127 .152 - .130

.000 1.000 .214 - .031 .485 .265 .320 .420 .533

- .183 .214 1.000 - .067 .211 .115 - .046 .028 .024

- .183 - .031 - .067 1.000 .211 .115 .139 .028 .402

.000 .485 .211 .211 1.000 .548 .587 .088 .225

- .158 .265 .115 .115 .548 1.000 .241 .144 .287

- .127 .320 - .046 .139 .587 .241 1.000 .481 .148

.152 .420 .028 .028 .088 .144 .481 1.000 .541

- .130 .533 .024 .402 .225 .287 .148 .541 1.000

- .381 .107 .046 .417 .440 .402 .548 .058 .313

- .381 .448 .417 .417 .587 .241 .161 - .250 .049

.000 .174 - .087 .378 .643 .755 .424 .133 .278
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Inter-Item Correlation Matrix

B25 B26 B27 B28

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

.234 .181 .403 - .026

.009 - .053 .372 .321

.374 .256 .392 .331

.227 .445 .550 .213

.024 .046 - .510 .145

- .103 .259 .144 - .054

.415 .271 .271 .102

.148 .290 .548 .263

.298 .796 .230 .321

- .227 .183 .183 .049

.298 .230 .372 .321

.044 - .119 .017 .352

.496 .271 .653 .250

.096 .119 .256 .160

- .028 - .424 .018 - .081

.275 .180 .000 - .113

- .130 - .381 - .381 .000

.533 .107 .448 .174

.024 .046 .417 - .087

.402 .417 .417 .378

.225 .440 .587 .643

.287 .402 .241 .755

.148 .548 .161 .424

.541 .058 - .250 .133

1.000 .313 .049 .278

.313 1.000 .355 .626

.049 .355 1.000 .303

.278 .626 .303 1.000

Summary Item Statistics

Mean Minimum Maximum Range
Maximum / 

Minimum Variance

Item Means

Item Variances

Inter-Item Correlations

3.730 3.375 4.063 .688 1.204 .028 2 8

.467 .250 .783 .533 3.133 .024 2 8

.188 - .516 .796 1.312 -1 .544 .059 2 8
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Summary Item Statistics

N of Items

Item Means

Item Variances

Inter-Item Correlations

2 8

2 8

2 8

ANOVA

Sum of 
Squares df Mean Square F Sig

Between People

Within People Between Items

Residual

Total

Total

43.355 1 5 2.890

12.132 2 7 .449 1.191 .237

152.833 405 .377

164.964 432 .382

208.319 447 .466

Grand Mean = 3.73

     

   
 FLEISS MULTIRATER KAPPA  Respondent Exp_Domain Region 
  /CRITERIA  IGNORE_CASE=FALSE 
  ASYMPTOTIC_CILEVEL=95 
  /MISSING  CLASSMISSING=EXCLUDE.

Fleiss Multirater Kappa
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Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Weight Handling

Syntax

Resources Processor Time

Elapsed Time

13-APR-2021 13:03:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/004-BIJ-
LeanBIM CBFs 
Delphi/SPSS27/SPSS-
LeanBIM CBFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

User-defined missing 
values are treated as 
missing.

Only cases with valid 
data for all analysis 
variables are used in 
computing any statistics.

not applicable

FLEISS MULTIRATER 
KAPPA  Respondent 
Exp_Domain Region
  /CRITERIA  
IGNORE_CASE=FALSE
  
ASYMPTOTIC_CILEVEL=9
5
  /MISSING  
CLASSMISSING=EXCLUDE
.

00:00:00.03

00:00:00.00

Overall Agreement a

Kappa

Asymptotic
Asymptotic 95% Confidence 

Interval

Standard Error z Sig. Lower Bound Upper Bound

Overall Agreement - .037 .074 - .505 .613 - .182 .108

Sample data contains 16 effective subjects and 3 raters.a. 
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MEANS TABLES=B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B1
9 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 BY Respondent Exp_Domain Region 
  /CELLS=MEAN VAR STDDEV COUNT.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

13-APR-2021 13:06:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/004-BIJ-
LeanBIM CBFs 
Delphi/SPSS27/SPSS-
LeanBIM CBFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.

MEANS TABLES=B1 B2 
B3 B4 B5 B6 B7 B8 B9 
B10 B11 B12 B13 B14 
B15 B16 B17 B18 B19 
B20 B21 B22 B23 B24
    B25 B26 B27 B28 BY 
Respondent 
Exp_Domain Region
  /CELLS=MEAN VAR 
STDDEV COUNT.

00:00:00.35
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Notes

Resources Processor Time

Elapsed Time

00:00:00.35

00:00:00.00

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B1  * Respondent

B2  * Respondent

B3  * Respondent

B4  * Respondent

B5  * Respondent

B6  * Respondent

B7  * Respondent

B8  * Respondent

B9  * Respondent

B10  * Respondent

B11  * Respondent

B12  * Respondent

B13  * Respondent

B14  * Respondent

B15  * Respondent

B16  * Respondent

B17  * Respondent

B18  * Respondent

B19  * Respondent

B20  * Respondent

B21  * Respondent

B22  * Respondent

B23  * Respondent

B24  * Respondent

B25  * Respondent

B26  * Respondent

B27  * Respondent

B28  * Respondent

B1  * Experience Domain

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B2  * Experience Domain

B3  * Experience Domain

B4  * Experience Domain

B5  * Experience Domain

B6  * Experience Domain

B7  * Experience Domain

B8  * Experience Domain

B9  * Experience Domain

B10  * Experience 
Domain

B11  * Experience 
Domain

B12  * Experience 
Domain

B13  * Experience 
Domain

B14  * Experience 
Domain

B15  * Experience 
Domain

B16  * Experience 
Domain

B17  * Experience 
Domain

B18  * Experience 
Domain

B19  * Experience 
Domain

B20  * Experience 
Domain

B21  * Experience 
Domain

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B22  * Experience 
Domain

B23  * Experience 
Domain

B24  * Experience 
Domain

B25  * Experience 
Domain

B26  * Experience 
Domain

B27  * Experience 
Domain

B28  * Experience 
Domain

B1  * Region

B2  * Region

B3  * Region

B4  * Region

B5  * Region

B6  * Region

B7  * Region

B8  * Region

B9  * Region

B10  * Region

B11  * Region

B12  * Region

B13  * Region

B14  * Region

B15  * Region

B16  * Region

B17  * Region

B18  * Region

B19  * Region

B20  * Region

B21  * Region

B22  * Region

B23  * Region

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B24  * Region

B25  * Region

B26  * Region

B27  * Region

B28  * Region

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

1 6 100.0% 0 0.0% 1 6 100.0%

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B1 B2 B3 B4 B5 B6 B7

1 Mean

Variance

Std. Deviation

N

2 Mean

Variance

Std. Deviation

N

3 Mean

Variance

Std. Deviation

N

4 Mean

Variance

Std. Deviation

N

5 Mean

Variance

Std. Deviation

N

6 Mean

Variance

Std. Deviation

N

7 Mean

Variance

5.00 3.00 5.00 5.00 4.00 4.00 5.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 4.00 5.00 3.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 4.00 3.00 4.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 3.00 4.00 4.00 5.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 5.00 5.00 3.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 3.00 4.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 4.00 3.00 5.00 5.00 4.00

. . . . . . . .

. . . . . . . .
Page 5



B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B8 B9 B10 B11 B12 B13 B14

1 Mean

Variance

Std. Deviation

N

2 Mean

Variance

Std. Deviation

N

3 Mean

Variance

Std. Deviation

N

4 Mean

Variance

Std. Deviation

N

5 Mean

Variance

Std. Deviation

N

6 Mean

Variance

Std. Deviation

N

7 Mean

Variance

4.00 5.00 4.00 5.00 3.00 4.00 5.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 3.00 4.00 4.00 5.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 3.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 5.00 4.00 4.00 4.00 5.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 3.00 3.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 4.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 3.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B15 B16 B17 B18 B19 B20 B21

1 Mean

Variance

Std. Deviation

N

2 Mean

Variance

Std. Deviation

N

3 Mean

Variance

Std. Deviation

N

4 Mean

Variance

Std. Deviation

N

5 Mean

Variance

Std. Deviation

N

6 Mean

Variance

Std. Deviation

N

7 Mean

Variance

4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 3.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 5.00 4.00 3.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 4.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 4.00 3.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 5.00 4.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 4.00 4.00 4.00 3.00 3.00

. . . . . . . .

. . . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B22 B23 B24 B25 B26 B27 B28

1 Mean

Variance

Std. Deviation

N

2 Mean

Variance

Std. Deviation

N

3 Mean

Variance

Std. Deviation

N

4 Mean

Variance

Std. Deviation

N

5 Mean

Variance

Std. Deviation

N

6 Mean

Variance

Std. Deviation

N

7 Mean

Variance

4.00 4.00 4.00 5.00 5.00 4.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 3.00 3.00 4.00 4.00 5.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

3.00 4.00 4.00 3.00 3.00 3.00 3.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 4.00 3.00 3.00 4.00 4.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 5.00 4.00 4.00 5.00 4.00 5.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 4.00 5.00 4.00 3.00 3.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

3.00 4.00 4.00 4.00 4.00 4.00 3.00

. . . . . . .

. . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B1 B2 B3 B4 B5 B6 B7

7

Std. Deviation

N

8 Mean

Variance

Std. Deviation

N

9 Mean

Variance

Std. Deviation

N

1 0 Mean

Variance

Std. Deviation

N

1 1 Mean

Variance

Std. Deviation

N

1 2 Mean

Variance

Std. Deviation

N

1 3 Mean

Variance

Std. Deviation

N

1 4 Mean

Variance

Std. Deviation

N

1 5 Mean

Variance

Std. Deviation

N

1 6 Mean

Variance

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 5.00 3.00 4.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 3.00 4.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 4.00 4.00 3.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 4.00 3.00 4.00 4.00 4.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 3.00 3.00 4.00 5.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 3.00 2.00 4.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 5.00 4.00 3.00 4.00 4.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 4.00 4.00 3.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

2.00 3.00 3.00 3.00 3.00 2.00 2.00 3.00

. . . . . . . .

. . . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B8 B9 B10 B11 B12 B13 B14

7

Std. Deviation

N

8 Mean

Variance

Std. Deviation

N

9 Mean

Variance

Std. Deviation

N

1 0 Mean

Variance

Std. Deviation

N

1 1 Mean

Variance

Std. Deviation

N

1 2 Mean

Variance

Std. Deviation

N

1 3 Mean

Variance

Std. Deviation

N

1 4 Mean

Variance

Std. Deviation

N

1 5 Mean

Variance

Std. Deviation

N

1 6 Mean

Variance

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 4.00 4.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 2.00 4.00 5.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 4.00 3.00 4.00 4.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 4.00 4.00 4.00 5.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 3.00 5.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 2.00 4.00 4.00 4.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 3.00 4.00 4.00 5.00 4.00 5.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 4.00 5.00 3.00 3.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 2.00 3.00 3.00 2.00 3.00 3.00

. . . . . . . .

. . . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B15 B16 B17 B18 B19 B20 B21

7

Std. Deviation

N

8 Mean

Variance

Std. Deviation

N

9 Mean

Variance

Std. Deviation

N

1 0 Mean

Variance

Std. Deviation

N

1 1 Mean

Variance

Std. Deviation

N

1 2 Mean

Variance

Std. Deviation

N

1 3 Mean

Variance

Std. Deviation

N

1 4 Mean

Variance

Std. Deviation

N

1 5 Mean

Variance

Std. Deviation

N

1 6 Mean

Variance

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 3.00 3.00 4.00 4.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 4.00 3.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 5.00 4.00 3.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 4.00 3.00 4.00 4.00 5.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

4.00 3.00 4.00 3.00 4.00 3.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 5.00 4.00 4.00 4.00 3.00 3.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

5.00 3.00 5.00 4.00 4.00 4.00 4.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 4.00 3.00 3.00 4.00 4.00 3.00 4.00

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 1

3.00 3.00 4.00 3.00 3.00 3.00 2.00 3.00

. . . . . . . .

. . . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B22 B23 B24 B25 B26 B27 B28

7

Std. Deviation

N

8 Mean

Variance

Std. Deviation

N

9 Mean

Variance

Std. Deviation

N

1 0 Mean

Variance

Std. Deviation

N

1 1 Mean

Variance

Std. Deviation

N

1 2 Mean

Variance

Std. Deviation

N

1 3 Mean

Variance

Std. Deviation

N

1 4 Mean

Variance

Std. Deviation

N

1 5 Mean

Variance

Std. Deviation

N

1 6 Mean

Variance

. . . . . . .

1 1 1 1 1 1 1

3.00 4.00 3.00 3.00 4.00 4.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 3.00 4.00 5.00 3.00 3.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 4.00 4.00 4.00 4.00 5.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

5.00 4.00 4.00 4.00 5.00 4.00 5.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 3.00 3.00 3.00 4.00 3.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

3.00 3.00 4.00 4.00 4.00 4.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 3.00 3.00 3.00 3.00 5.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

4.00 4.00 4.00 3.00 4.00 4.00 4.00

. . . . . . .

. . . . . . .

1 1 1 1 1 1 1

3.00 2.00 3.00 3.00 3.00 3.00 3.00

. . . . . . .

. . . . . . .
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B1 B2 B3 B4 B5 B6 B7

1 6

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

. . . . . . . .

1 1 1 1 1 1 1 1

3.81 3.81 3.94 3.62 3.63 3.63 3.75 3.63

.696 .429 .463 .783 .250 .650 .733 .517

.834 .655 .680 .885 .500 .806 .856 .719

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B8 B9 B10 B11 B12 B13 B14

1 6

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

. . . . . . . .

1 1 1 1 1 1 1 1

3.63 3.81 3.37 3.81 4.06 3.56 3.94 3.56

.517 .429 .783 .429 .463 .529 .463 .396

.719 .655 .885 .655 .680 .727 .680 .629

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B15 B16 B17 B18 B19 B20 B21

1 6

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

. . . . . . . .

1 1 1 1 1 1 1 1

3.56 3.50 4.00 3.81 3.62 3.62 3.50 3.75

.396 .267 .533 .296 .250 .250 .400 .333

.629 .516 .730 .544 .500 .500 .632 .577

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Respondent

Respondent B22 B23 B24 B25 B26 B27 B28

1 6

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

. . . . . . .

1 1 1 1 1 1 1

3.75 3.63 3.69 3.69 3.88 3.88 3.94

.333 .517 .362 .496 .517 .517 .329

.577 .719 .602 .704 .719 .719 .574

1 6 1 6 1 6 1 6 1 6 1 6 1 6
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Experience Domain

Experience Domain B1 B2 B3 B4 B5 B6

Academic Mean

Variance

Std. Deviation

N

Indus. prof. Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

4.13 3.87 4.13 4.00 3.63 3.88 4.13

.411 .696 .411 .857 .268 .411 .696

.641 .835 .641 .926 .518 .641 .835

8 8 8 8 8 8 8

3.50 3.75 3.75 3.25 3.62 3.38 3.38

.857 .214 .500 .500 .268 .839 .554

.926 .463 .707 .707 .518 .916 .744

8 8 8 8 8 8 8

3.81 3.81 3.94 3.62 3.63 3.63 3.75

.696 .429 .463 .783 .250 .650 .733

.834 .655 .680 .885 .500 .806 .856

1 6 1 6 1 6 1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Experience Domain

Experience Domain B7 B8 B9 B10 B11 B12

Academic Mean

Variance

Std. Deviation

N

Indus. prof. Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

4.13 3.62 4.00 3.75 3.75 3.87 3.75

.696 .268 .571 .500 .500 .125 .500

.835 .518 .756 .707 .707 .354 .707

8 8 8 8 8 8 8

3.38 3.63 3.62 3.00 3.87 4.25 3.38

.554 .839 .268 .857 .411 .786 .554

.744 .916 .518 .926 .641 .886 .744

8 8 8 8 8 8 8

3.75 3.63 3.81 3.37 3.81 4.06 3.56

.733 .517 .429 .783 .429 .463 .529

.856 .719 .655 .885 .655 .680 .727

1 6 1 6 1 6 1 6 1 6 1 6 1 6
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Experience Domain

Experience Domain B13 B14 B15 B16 B17 B18

Academic Mean

Variance

Std. Deviation

N

Indus. prof. Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.75 4.13 3.62 3.63 4.00 3.88 3.63

.500 .411 .268 .268 .571 .125 .268

.707 .641 .518 .518 .756 .354 .518

8 8 8 8 8 8 8

3.38 3.75 3.50 3.38 4.00 3.75 3.63

.554 .500 .571 .268 .571 .500 .268

.744 .707 .756 .518 .756 .707 .518

8 8 8 8 8 8 8

3.56 3.94 3.56 3.50 4.00 3.81 3.62

.529 .463 .396 .267 .533 .296 .250

.727 .680 .629 .516 .730 .544 .500

1 6 1 6 1 6 1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Experience Domain

Experience Domain B19 B20 B21 B22 B23 B24

Academic Mean

Variance

Std. Deviation

N

Indus. prof. Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.63 3.63 3.75 3.62 4.00 3.75 3.75

.268 .268 .214 .268 .286 .500 .500

.518 .518 .463 .518 .535 .707 .707

8 8 8 8 8 8 8

3.63 3.63 3.25 3.88 3.25 3.62 3.63

.268 .268 .500 .411 .500 .268 .554

.518 .518 .707 .641 .707 .518 .744

8 8 8 8 8 8 8

3.62 3.62 3.50 3.75 3.63 3.69 3.69

.250 .250 .400 .333 .517 .362 .496

.500 .500 .632 .577 .719 .602 .704

1 6 1 6 1 6 1 6 1 6 1 6 1 6
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Experience Domain

Experience Domain B25 B26 B27 B28

Academic Mean

Variance

Std. Deviation

N

Indus. prof. Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.75 4.00 3.88 3.88

.500 .571 .411 .411

.707 .756 .641 .641

8 8 8 8

3.63 3.75 3.88 4.00

.554 .500 .696 .286

.744 .707 .835 .535

8 8 8 8

3.69 3.88 3.88 3.94

.496 .517 .517 .329

.704 .719 .719 .574

1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Region

Region B1 B2 B3 B4 B5 B6 B7

East Mean

Variance

Std. Deviation

N

West Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.88 3.75 4.13 3.63 3.75 3.62 3.88 3.75

.696 .214 .411 1.125 .214 .554 .696 .500

.835 .463 .641 1.061 .463 .744 .835 .707

8 8 8 8 8 8 8 8

3.75 3.88 3.75 3.62 3.50 3.63 3.63 3.50

.786 .696 .500 .554 .286 .839 .839 .571

.886 .835 .707 .744 .535 .916 .916 .756

8 8 8 8 8 8 8 8

3.81 3.81 3.94 3.62 3.63 3.63 3.75 3.63

.696 .429 .463 .783 .250 .650 .733 .517

.834 .655 .680 .885 .500 .806 .856 .719

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Region

Region B8 B9 B10 B11 B12 B13 B14

East Mean

Variance

Std. Deviation

N

West Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.75 4.13 3.38 3.88 4.00 3.62 4.00 3.38

.500 .411 .839 .696 .571 .268 .286 .268

.707 .641 .916 .835 .756 .518 .535 .518

8 8 8 8 8 8 8 8

3.50 3.50 3.38 3.75 4.13 3.50 3.88 3.75

.571 .286 .839 .214 .411 .857 .696 .500

.756 .535 .916 .463 .641 .926 .835 .707

8 8 8 8 8 8 8 8

3.63 3.81 3.37 3.81 4.06 3.56 3.94 3.56

.517 .429 .783 .429 .463 .529 .463 .396

.719 .655 .885 .655 .680 .727 .680 .629

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Region

Region B15 B16 B17 B18 B19 B20 B21

East Mean

Variance

Std. Deviation

N

West Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.38 3.75 4.00 3.88 3.50 3.87 3.38 3.75

.268 .214 .571 .125 .286 .125 .268 .500

.518 .463 .756 .354 .535 .354 .518 .707

8 8 8 8 8 8 8 8

3.75 3.25 4.00 3.75 3.75 3.38 3.63 3.75

.500 .214 .571 .500 .214 .268 .554 .214

.707 .463 .756 .707 .463 .518 .744 .463

8 8 8 8 8 8 8 8

3.56 3.50 4.00 3.81 3.62 3.62 3.50 3.75

.396 .267 .533 .296 .250 .250 .400 .333

.629 .516 .730 .544 .500 .500 .632 .577

1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
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B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 B26 B27 B28  * Region

Region B22 B23 B24 B25 B26 B27 B28

East Mean

Variance

Std. Deviation

N

West Mean

Variance

Std. Deviation

N

Total Mean

Variance

Std. Deviation

N

3.75 3.88 4.00 4.00 4.13 3.75 4.00

.500 .411 .000 .571 .696 .214 .571

.707 .641 .000 .756 .835 .463 .756

8 8 8 8 8 8 8

3.75 3.38 3.38 3.38 3.62 4.00 3.88

.214 .554 .554 .268 .268 .857 .125

.463 .744 .744 .518 .518 .926 .354

8 8 8 8 8 8 8

3.75 3.63 3.69 3.69 3.88 3.88 3.94

.333 .517 .362 .496 .517 .517 .329

.577 .719 .602 .704 .719 .719 .574

1 6 1 6 1 6 1 6 1 6 1 6 1 6
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  NPAR TESTS 
  /M-W= B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20
 B21 B22 B23 B24 B25 
    B26 B27 B28 BY Region(1 2) 
  /STATISTICS=DESCRIPTIVES QUARTILES 
  /MISSING ANALYSIS.

NPar Tests

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

13-APR-2021 13:11:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/004-BIJ-
LeanBIM CBFs 
Delphi/SPSS27/SPSS-
LeanBIM CBFs-Delphi-
Round-2.sav

DataSet2

<none>

<none>

<none>

1 6

User-defined missing 
values are treated as 
missing.

Statistics for each test 
are based on all cases 
with valid data for the 
variable(s) used in that 
test.

NPAR TESTS
  /M-W= B1 B2 B3 B4 
B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25
    B26 B27 B28 BY 
Region(1 2)
  
/STATISTICS=DESCRIPTI
VES QUARTILES
  /MISSING ANALYSIS.

00:00:00.09
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Notes

Resources Processor Time

Elapsed Time

Number of Cases Alloweda

00:00:00.09

00:00:00.00

92521

Based on availability of workspace memory.a. 

Descriptive Statistics

N Mean Std. Deviation Minimum Maximum

Percentiles

25th 50th (Median)

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

1 6 3.81 .834 2 5 3.00 4.00 4.00

1 6 3.81 .655 3 5 3.00 4.00 4.00

1 6 3.94 .680 3 5 3.25 4.00 4.00

1 6 3.62 .885 2 5 3.00 3.50 4.00

1 6 3.63 .500 3 4 3.00 4.00 4.00

1 6 3.63 .806 2 5 3.00 4.00 4.00

1 6 3.75 .856 2 5 3.00 4.00 4.00

1 6 3.63 .719 3 5 3.00 3.50 4.00

1 6 3.81 .655 3 5 3.00 4.00 4.00

1 6 3.37 .885 2 5 3.00 3.50 4.00

1 6 3.81 .655 3 5 3.00 4.00 4.00

1 6 4.06 .680 3 5 4.00 4.00 4.75

1 6 3.56 .727 2 5 3.00 4.00 4.00

1 6 3.94 .680 3 5 3.25 4.00 4.00

1 6 3.56 .629 3 5 3.00 3.50 4.00

1 6 3.50 .516 3 4 3.00 3.50 4.00

1 6 4.00 .730 3 5 3.25 4.00 4.75

1 6 3.81 .544 3 5 3.25 4.00 4.00

1 6 3.62 .500 3 4 3.00 4.00 4.00

1 6 3.62 .500 3 4 3.00 4.00 4.00

1 6 3.50 .632 2 4 3.00 4.00 4.00

1 6 3.75 .577 3 5 3.00 4.00 4.00

1 6 3.63 .719 2 5 3.00 4.00 4.00

1 6 3.69 .602 3 5 3.00 4.00 4.00

1 6 3.69 .704 3 5 3.00 4.00 4.00

1 6 3.88 .719 3 5 3.00 4.00 4.00

1 6 3.88 .719 3 5 3.00 4.00 4.00

1 6 3.94 .574 3 5 4.00 4.00 4.00
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Descriptive Statistics

Percentiles

75th

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.75

4.00

4.00

4.00

4.00

4.75

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00
Descriptive Statistics

N Mean Std. Deviation Minimum Maximum

Percentiles

25th 50th (Median)

B28

Region

1 6 3.94 .574 3 5 4.00 4.00 4.00

1 6 1.50 .516 1 2 1.00 1.50 2.00
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Descriptive Statistics

Percentiles

75th

B28

Region

4.00

2.00

Mann-Whitney Test

Ranks

Region N Mean Rank Sum of Ranks

B1 East

West

Total

B2 East

West

Total

B3 East

West

Total

B4 East

West

Total

B5 East

West

Total

B6 East

West

Total

B7 East

West

Total

B8 East

West

Total

B9 East

West

Total

8 8.63 69.00

8 8.38 67.00

1 6

8 8.25 66.00

8 8.75 70.00

1 6

8 9.69 77.50

8 7.31 58.50

1 6

8 8.50 68.00

8 8.50 68.00

1 6

8 9.50 76.00

8 7.50 60.00

1 6

8 8.31 66.50

8 8.69 69.50

1 6

8 9.00 72.00

8 8.00 64.00

1 6

8 9.38 75.00

8 7.63 61.00

1 6

8 10.50 84.00

8 6.50 52.00

1 6

8 8.75 70.00
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Ranks

Region N Mean Rank Sum of Ranks

B10 East

West

Total

B11 East

West

Total

B12 East

West

Total

B13 East

West

Total

B14 East

West

Total

B15 East

West

Total

B16 East

West

Total

B17 East

West

Total

B18 East

West

Total

B19 East

West

Total

B20 East

West

Total

B21 East

West

Total

8 8.75 70.00

8 8.25 66.00

1 6

8 8.75 70.00

8 8.25 66.00

1 6

8 8.13 65.00

8 8.88 71.00

1 6

8 8.88 71.00

8 8.13 65.00

1 6

8 8.94 71.50

8 8.06 64.50

1 6

8 7.31 58.50

8 9.69 77.50

1 6

8 10.50 84.00

8 6.50 52.00

1 6

8 8.50 68.00

8 8.50 68.00

1 6

8 9.06 72.50

8 7.94 63.50

1 6

8 7.50 60.00

8 9.50 76.00

1 6

8 10.50 84.00

8 6.50 52.00

1 6

8 7.31 58.50

8 9.69 77.50

1 6

8 8.38 67.00
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Ranks

Region N Mean Rank Sum of Ranks

B22 East

West

Total

B23 East

West

Total

B24 East

West

Total

B25 East

West

Total

B26 East

West

Total

B27 East

West

Total

B28 East

West

Total

8 8.38 67.00

8 8.63 69.00

1 6

8 9.88 79.00

8 7.13 57.00

1 6

8 11.00 88.00

8 6.00 48.00

1 6

8 10.38 83.00

8 6.63 53.00

1 6

8 9.94 79.50

8 7.06 56.50

1 6

8 7.88 63.00

8 9.13 73.00

1 6

8 8.88 71.00

8 8.13 65.00

1 6

Test Statisticsa

B1 B2 B3 B4 B5 B6

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

31.000 30.000 22.500 32.000 24.000 30.500 28.000

67.000 66.000 58.500 68.000 60.000 66.500 64.000

- .114 - .236 -1 .113 .000 -1 .000 - .169 - .447

.910 .813 .266 1.000 .317 .865 .655

.959b .878b .328b 1.000 b .442b .878b .721b
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Test Statisticsa

B7 B8 B9 B10 B11 B12

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

28.000 25.000 16.000 30.000 30.000 29.000 29.000

64.000 61.000 52.000 66.000 66.000 65.000 65.000

- .447 - .810 -1 .887 - .224 - .236 - .352 - .347

.655 .418 .059 .823 .813 .725 .729

.721b .505b .105b .878b .878b .798b .798b

Test Statisticsa

B13 B14 B15 B16 B17 B18

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

29.000 28.500 22.500 16.000 32.000 27.500 24.000

65.000 64.500 58.500 52.000 68.000 63.500 60.000

- .347 - .410 -1 .120 -1 .936 .000 - .581 -1 .000

.729 .682 .263 .053 1.000 .561 .317

.798b .721b .328b .105b 1.000 b .645b .442b

Test Statisticsa

B19 B20 B21 B22 B23 B24

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

24.000 16.000 22.500 31.000 21.000 12.000 17.000

60.000 52.000 58.500 67.000 57.000 48.000 53.000

-1 .000 -2 .000 -1 .135 - .123 -1 .296 -2 .390 -1 .725

.317 .046 .256 .902 .195 .017 .084

.442b .105b .328b .959b .279b .038b .130b

Test Statisticsa

B25 B26 B27 B28

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

Exact Sig. [2*(1-tailed 
Sig.)]

17.000 20.500 27.000 29.000

53.000 56.500 63.000 65.000

-1 .725 -1 .317 - .573 - .385

.084 .188 .567 .700

.130b .234b .645b .798b

Grouping Variable: Regiona. 

Not corrected for ties.b. 
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Appendix D: Interactions between building information modelling (BIM) and LC 

on construction megaprojects 

Appendix D consists of following part(s): - 

Part D1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire  

Part D2: Survey questionnaire (Google Forms) 

Part D3: Statistical analysis using IBM® SPSS® Statistics Version 27 for MacOS 
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Part D1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire 
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Part D2: A Delphi study questionnaire (Google Forms) 

  



5/12/21, 8:22 PMInteractions between building information modelling (BIM) and lean construction on construction mega-projects

Page 1 of 20https://docs.google.com/forms/d/1wVCTu_iaBKI_JFqWPAF5U_MkXi2GD0rK8vsH6qXJ8Ek/prefill

1. General professional questions

There are 7 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

Interactions between building
information modelling (BIM) and lean
construction on construction mega-
projects
There are four sections of the questionnaire 

* Required
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(1) Consultants (i.e. Designer, Architect, Supervision, Project Management)

(2) Contractors

(3) Clients (i.e. Governmental, semi-governmental, real estate developers, municipal)

(4) Academics

(5) Subcontractors

(1) Governmental

(2) Private

(3) Local company

(4) International company

Other:

1.1 Organisation set-up *
How do you describe the category of your current organisation?

1.2 Type of organisation *
Please select the type of your largest current project from the list below
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(1) More than 20 years

(2) 16-20 years

(3) 11-15 years

(4) 5-10 years

(5) Less than 5 years

(1) Senior Management ( i.e. Director Program Manager)

(2) Manager (i.e. Department, Project, Construction)

(3) Senior Level (i.e. Resident Engineer/Client Consultant)

(4) Mid Level (Engineering)

(5) Junior Level (Engineering)

1.3 Experience in the construction industry *
Please select the appropriate band of your years of experience in the construction industry

1.4 Career level *
How do you classify the level of your current role in your organisation?
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(1) Mega-project(s) ( > 1Billion USD)

(2) Large-scale project(s) (>500 Million to 1 Billion)

(3) Medium-scale project(s) (>250 M to 500 M)

(4) Small-scale project(s) (>100 M to 250 M)

(5) Research or project(s) < 100 M

(1) Experienced

(2) Just-certified

(3) Self-education

(4) Little knowledge

(5) No knowledge

1.5 Size of current project(s) *
Please select the appropriate scale of your largest current project

1.6 Awareness of LC *
What is your level of awareness of lean construction (LC)?
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(1) Experienced

(2) Just-certified

(3) Self-education

(4) Little knowledge

(5) No knowledge

2. Assessing lean construction (LC) principals for achieving objectives of
construction mega-projects

1.7 Awareness of BIM *
What is your level of awareness of building information modelling (BIM)?

2.1 Lean construction (LC) principles *
In the context of construction mega-projects, please indicate the extent to which you assess the
following statements regarding assessment of lean construction (LC) principles to achieve project
objectives:

(5) Very high (4) high (3) moderate (2) low (1) Very low

LC.PR.01
Reduce
variability of
projects and
processes by
getting it right
first time and
improving
upstream flow

LC.PR.02
Reduce cycle
time and
inventories

LC.PR.01
Reduce
variability of
projects and
processes by
getting it right
first time and
improving
upstream flow

LC.PR.02
Reduce cycle
time and
inventories
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LC.PR.03
Reduce batch
size; strive for
single-piece flow
to assure
continuous
production

LC.PR.04
Increase
flexibility using
multi-skilling

LC.PR.05
Standardise
methods &
processes using
convenient
systems to
control
production

LC.PR.06
Visualise
production
methods and
processes whilst
assuring
continues
improvement

LC.PR.07
Parallel
processing
using a
convenient
system to
assure flow by
parallel, and
reliable
technologies

LC.PR.03
Reduce batch
size; strive for
single-piece flow
to assure
continuous
production

LC.PR.04
Increase
flexibility using
multi-skilling

LC.PR.05
Standardise
methods &
processes using
convenient
systems to
control
production

LC.PR.06
Visualise
production
methods and
processes whilst
assuring
continues
improvement

LC.PR.07
Parallel
processing
using a
convenient
system to
assure flow by
parallel, and
reliable
technologies
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3. Assessing building information modelling (BIM) functionalities for achieving
objectives of construction mega-projects

LC.PR.08
Focusing on
concepts, strive
to maximise
value selection
and ensure
requirements
flow down whilst
continuously
verifying and
validating

LC.PR.09 Go and
see for yourself
and taking
decisions in
consensus,
considering all
options for
problem-solving

LC.PR.10
Encourage
networks of
partners to
improve
cooperation and
maintain
valuable long-
term
relationships
with
subcontractors
and suppliers

LC.PR.08
Focusing on
concepts, strive
to maximise
value selection
and ensure
requirements
flow down whilst
continuously
verifying and
validating

LC.PR.09 Go and
see for yourself
and taking
decisions in
consensus,
considering all
options for
problem-solving

LC.PR.10
Encourage
networks of
partners to
improve
cooperation and
maintain
valuable long-
term
relationships
with
subcontractors
and suppliers
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3.1 BIM functionalities *
In the context of construction mega-projects, please indicate the extent to which you assess the
following statements regarding assessment of building information modelling (BIM) functionalities to
achieve project objectives:

(5) Very high (4) high (3) moderate (2) low (1) Very low

BIM.FN.01 High
visualisations for
aesthetic and
functional
evaluation of
designs

BIM.FN.02 Rapid
generation of
multiple design
alternatives

BIM.FN.03
Predictive
analysis of
performance
during designs

BIM.FN.04
Automated
cost/time
estimation within
the design
stages

BIM.FN.05
Evaluation of
conformance to
client value
within the design
stages

BIM.FN.06
Integration in

BIM.FN.01 High
visualisations for
aesthetic and
functional
evaluation of
designs

BIM.FN.02 Rapid
generation of
multiple design
alternatives

BIM.FN.03
Predictive
analysis of
performance
during designs

BIM.FN.04
Automated
cost/time
estimation within
the design
stages

BIM.FN.05
Evaluation of
conformance to
client value
within the design
stages

BIM.FN.06
Integration in
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design models
based on single
information
source, multiple
disciplines
design and
automated clash
checking

BIM.FN.07
Increase
collaboration in
designs and
constructions via
multi-user to edit
and view a single
model

BIM.FN.08
Evaluation of
alternative
construction
plans with 4D
visualisation

BIM.FN.09 Online
multidisciplinary
communication
and
visualisations of
process status
for projects;
on/off site during
construction
stages

BIM.FN.10
Integration with
project partners,
supply chains
and
subcontractor’

design models
based on single
information
source, multiple
disciplines
design and
automated clash
checking

BIM.FN.07
Increase
collaboration in
designs and
constructions via
multi-user to edit
and view a single
model

BIM.FN.08
Evaluation of
alternative
construction
plans with 4D
visualisation

BIM.FN.09 Online
multidisciplinary
communication
and
visualisations of
process status
for projects;
on/off site during
construction
stages

BIM.FN.10
Integration with
project partners,
supply chains
and
subcontractor’
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4. Assessing building information modelling (BIM) effectiveness on lean
construction (LC) principles on construction mega-projects

databasesdatabases

4.1 Assessing whether BIM functionalities' groups increasing effectiveness of LC
FLOW PROCESS principles’ area *
Please assess the impact of BIM Function areas on Lean Construction Principal Flow Process area to
achieve desired objectives in construction mega-projects

(5) Very high (4) high (3) moderate (2) low (1) Very low

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
LC FLOW
PROCESS
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
LC FLOW
PROCESS
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
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via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
well achieving
project
objectives (with
LC FLOW
PROCESS
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
customer
satisfaction and
achieving project
objectives (with
LC FLOW
PROCESS
principles’ area)

BIM.G.04

via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
well achieving
project
objectives (with
LC FLOW
PROCESS
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
customer
satisfaction and
achieving project
objectives (with
LC FLOW
PROCESS
principles’ area)

BIM.G.04
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Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC FLOW
PROCESS
principles’ area)

Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC FLOW
PROCESS
principles’ area)

4.2 Assessing whether BIM functionalities' groups increasing effectiveness of LC
VALUE GENERATION PROCESS principles’ area *
Please assess the impact of BIM Function areas on Lean Construction Principal Value Generation
Process principal area to achieve desired objectives on construction mega-projects

(5) Very high (4) high (3) moderate (2) low (1) Very low

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
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estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
well achieving
project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction

estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
well achieving
project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
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stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
customer
satisfaction and
achieving project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

BIM.G.04
Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
customer
satisfaction and
achieving project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)

BIM.G.04
Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC VALUE
GENERATION
PROCESS
principles’ area)
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4.3 Assessing whether BIM functionalities' groups increasing effectiveness of LC
PROBLEM SOLVING PROCESS principles’ area *
Please assess the impact of BIM Function areas on Lean Construction Principal Problem Solving Process
principal area to achieve desired objectives on construction mega-projects

(5) Very high (4) high (3) moderate (2) low (1) Very low

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
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well achieving
project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
customer
satisfaction and
achieving project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

BIM.G.04
Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in

well achieving
project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
customer
satisfaction and
achieving project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

BIM.G.04
Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
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increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC PROBLEM
SOLVING
principles’ area)

4.4 Assessing whether BIM functionalities' groups increasing effectiveness of LC
DEVELOPING PARTNERS PROCESS principles’ area *
Please assess the impact of BIM Function areas on Lean Construction Principal Developing Partners
Process principal area to achieve desired objectives on construction mega-projects

(5) Very high (4) high (3) moderate (2) low (1) Very low

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with

BIM.G.01 High
visualisation for
evaluation of
designs to client
value and
conformity with
predictive
analysis of
performance and
early cost
estimation which
could help in
increasing quality
and decreasing
cost thus
achieving project
objectives (with
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LC DEVELOPING
PARTNERS
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
well achieving
project
objectives (with
LC DEVELOPING
PARTNERS
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced

LC DEVELOPING
PARTNERS
principles’ area)

BIM.G.02
Increased
cooperation
during design
and construction
via multi-user
platforms to edit
and view a single
model, to help in
increasing quality
and decreasing
time and cost, as
well achieving
project
objectives (with
LC DEVELOPING
PARTNERS
principles’ area)

BIM.G.03
Advanced control
with on-line
multidisciplinary
communication
and actual
process status
for projects
on/off site during
construction
stages, which
could help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, thus
leading to
enhanced
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Thank you for completing this survey

Thank you for taking the time to complete this questionnaire. Your assistance in providing this information 
is very much appreciated.

customer
satisfaction and
achieving project
objectives (with
LC DEVELOPING
PARTNERS
principles’ area)

BIM.G.04
Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC DEVELOPING
PARTNERS
principles’ area)

customer
satisfaction and
achieving project
objectives (with
LC DEVELOPING
PARTNERS
principles’ area)

BIM.G.04
Integration with
project partner
databases (such
as supply chains
and
subcontractors)
which help in
increasing quality
and decreasing
time and cost, as
well as avoiding
disputes, leading
to customer
satisfaction as
well achieving
project
objectives (with
LC DEVELOPING
PARTNERS
principles’ area)
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Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Please add any comments you may have in the context of building information
modelling (BIM) and lean construction in the context of construction mega-
projects. If you would like to have a copy of the research findings, please include
your email address

Your answer

Get link

 Forms
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https://policies.google.com/terms
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Part D3: Statistical analysis using IBM® SPSS® Statistics Version 27 for MacOS



FREQUENCIES VARIABLES=Organisational_setup Organisation_type Experince Career_
level Project_size 
    LC_awareness BIM_awareness LC_PR_01 LC_PR_02 LC_PR_03 LC_PR_04 LC_PR_05 LC
_PR_06 LC_PR_07 LC_PR_08 
    LC_PR_09 LC_PR_10 Total_LC BIM_FN_01 BIM_FN_02 BIM_FN_03 BIM_FN_04 BIM_FN_
05 BIM_FN_06 BIM_FN_07 
    BIM_FN_08 BIM_FN_09 BIM_FN_10 Total_BIM LC_A_01_Vs_BIM_G_01 LC_A_01_Vs_BIM
_G_02 LC_A_01_Vs_BIM_G_03 
    LC_A_01_Vs_BIM_G_04 Total_LC_A_01 LC_A_02_Vs_BIM_G_01 LC_A_02_Vs_BIM_G_02 
LC_A_02_Vs_BIM_G_03 
    LC_A_02_Vs_BIM_G_04 Total_LC_A_02 LC_A_03_Vs_BIM_G_01 LC_A_03_Vs_BIM_G_02 
LC_A_03_Vs_BIM_G_03 
    LC_A_03_Vs_BIM_G_04 Total_LC_A_03 LC_A_04_Vs_BIM_G_01 LC_A_04_Vs_BIM_G_02 
LC_A_04_Vs_BIM_G_03 
    LC_A_04_Vs_BIM_G_04 Total_LC_A_04 Total_Averag 
  /STATISTICS=STDDEV VARIANCE MEAN 
  /ORDER=ANALYSIS.

Frequencies

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

10-MAY-2021 14:27:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/005-JEDT- 
Framework LeanBIM 
interactions/SPSS/SPSS-
LeanBIM interactions.sav

DataSet1

<none>

<none>

<none>

98

User-defined missing 
values are treated as 
missing.

Statistics are based on 
all cases with valid data.
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Notes

Syntax

Resources Processor Time

Elapsed Time

FREQUENCIES 
VARIABLES=Organisation
al_setup 
Organisation_type 
Experince Career_level 
Project_size
    LC_awareness 
BIM_awareness 
LC_PR_01 LC_PR_02 
LC_PR_03 LC_PR_04 
LC_PR_05 LC_PR_06 
LC_PR_07 LC_PR_08
    LC_PR_09 LC_PR_10 
Total_LC BIM_FN_01 
BIM_FN_02 BIM_FN_03 
BIM_FN_04 BIM_FN_05 
BIM_FN_06 BIM_FN_07
    BIM_FN_08 
BIM_FN_09 BIM_FN_10 
Total_BIM 
LC_A_01_Vs_BIM_G_01 
LC_A_01_Vs_BIM_G_02 
LC_A_01_Vs_BIM_G_03

LC_A_01_Vs_BIM_G_04 
Total_LC_A_01 
LC_A_02_Vs_BIM_G_01 
LC_A_02_Vs_BIM_G_02 
LC_A_02_Vs_BIM_G_03

LC_A_02_Vs_BIM_G_04 
Total_LC_A_02 
LC_A_03_Vs_BIM_G_01 
LC_A_03_Vs_BIM_G_02 
LC_A_03_Vs_BIM_G_03

LC_A_03_Vs_BIM_G_04 
Total_LC_A_03 
LC_A_04_Vs_BIM_G_01 
LC_A_04_Vs_BIM_G_02 
LC_A_04_Vs_BIM_G_03

LC_A_04_Vs_BIM_G_04 
Total_LC_A_04 
Total_Averag
  /STATISTICS=STDDEV 
VARIANCE MEAN
  /ORDER=ANALYSIS.

00:00:00.28

00:00:00.00
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Statistics

Organisational
_setup

Organisation_t
ype Experince Career_level Project_size

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 8 4

0 0 0 0 0 0

3.20 2.71 2.88 4.21 3.51 2.60

1.220 .899 1.155 1.651 1.358 1.163

1.489 .809 1.335 2.725 1.843 1.352

Statistics

LC_awareness
BIM_awarenes

s LC_PR_01 LC_PR_02 LC_PR_03 LC_PR_04

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 98 8 4

0 0 0 0 0 0 0

2.60 2.55 3.17 3.15 3.12 3.35 3.35

1.163 .949 .942 .976 .924 .938 1.024

1.352 .901 .888 .952 .853 .879 1.048

Statistics

LC_PR_05 LC_PR_06 LC_PR_07 LC_PR_08 LC_PR_09 LC_PR_10

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 98 8 4

0 0 0 0 0 0 0

3.35 3.36 3.36 3.27 3.33 3.32 3.2774

1.024 .927 .977 .936 .948 .880 .79097

1.048 .859 .955 .876 .900 .775 .626

Statistics

Total_LC BIM_FN_01 BIM_FN_02 BIM_FN_03 BIM_FN_04 BIM_FN_05

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 98 8 4

0 0 0 0 0 0 0

3.2774 3.43 3.46 3.43 3.42 3.37 3.35

.79097 .985 1.011 1.033 .921 .929 .925

.626 .971 1.023 1.067 .848 .862 .855
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Statistics

BIM_FN_06 BIM_FN_07 BIM_FN_08 BIM_FN_09 BIM_FN_10 Total_BIM

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 98 8 4

0 0 0 0 0 0 0

3.35 3.35 3.36 3.35 3.42 3.3917 3.32

.925 1.081 1.049 .988 1.032 .82611 .971

.855 1.169 1.100 .976 1.065 .682 .944

Statistics

LC_A_01_Vs_BI
M_G_01

LC_A_01_Vs_BI
M_G_02

LC_A_01_Vs_BI
M_G_03

LC_A_01_Vs_BI
M_G_04 Total_LC_A_01

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 8 4

0 0 0 0 0 0

3.32 3.36 3.39 3.26 3.3333 3.25

.971 1.002 .865 1.031 .86892 1.028

.944 1.003 .747 1.063 .755 1.057

Statistics

LC_A_02_Vs_BI
M_G_01

LC_A_02_Vs_BI
M_G_02

LC_A_02_Vs_BI
M_G_03

LC_A_02_Vs_BI
M_G_04 Total_LC_A_02

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 8 4

0 0 0 0 0 0

3.25 3.39 3.30 3.35 3.3214 3.43

1.028 .994 1.106 1.092 .96986 1.101

1.057 .988 1.224 1.193 .941 1.212

Statistics

LC_A_03_Vs_BI
M_G_01

LC_A_03_Vs_BI
M_G_02

LC_A_03_Vs_BI
M_G_03

LC_A_03_Vs_BI
M_G_04 Total_LC_A_03

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 8 4

0 0 0 0 0 0

3.43 3.31 3.29 3.27 3.3244 3.39

1.101 1.006 1.115 1.045 .95120 .970

1.212 1.011 1.243 1.093 .905 .940
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Statistics

LC_A_04_Vs_BI
M_G_01

LC_A_04_Vs_BI
M_G_02

LC_A_04_Vs_BI
M_G_03

LC_A_04_Vs_BI
M_G_04 Total_LC_A_04

N Valid

Missing

Mean

Std. Deviation

Variance

98 98 98 98 98 8 4

0 0 0 0 0 0

3.39 3.32 3.31 3.29 3.3274 3.3302

.970 1.008 .957 1.115 .91340 .84435

.940 1.016 .915 1.243 .834 .713

Statistics

Total_Averag

N Valid

Missing

Mean

Std. Deviation

Variance

98
0

3.3302

.84435

.713

Frequency Table

Organisational_setup

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Consultants

Contractors

Clients

Academics

Subcontractors

Total

19 19.0 19.0 19.0

7 7.1 7.1 26.2

9 9.5 9.5 35.7

62 63.1 63.1 98.8

1 1.2 1.2 100.0

98 100.0 100.0

Organisation_type

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Governmental

Private

Local company

International company

Total

9 9.5 9.5 9.5

29 29.8 29.8 39.3

40 40.5 40.5 79.8

20 20.2 20.2 100.0

98 100.0 100.0
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Experince

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Less than 5 years

5 - 10 years

11 – 15 years

16 – 20 years

more than 20 years

Total

8 8.3 8.3 8.3

35 35.7 35.7 44.0

27 27.4 27.4 71.4

16 16.7 16.7 88.1

12 11.9 11.9 100.0

98 100.0 100.0

Career_level

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Senior Management

Manager

Senior Level

Mid Level

Junior Leve

other

Total

4 3.6 3.6 3.6

21 21.4 21.4 25.0

7 7.1 7.1 32.1

19 19.0 19.0 51.2

15 15.5 15.5 66.7

33 33.3 33.3 100.0

98 100.0 100.0

Project_size

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Less than 100 M (Million)

Between 100M to 250 M

Between 250M to 500 M

Between 500M to 1B 
(Billion)

More than 1B

Total

12 11.9 11.9 11.9

9 9.5 9.5 21.4

27 27.4 27.4 48.8

18 17.9 17.9 66.7

33 33.3 33.3 100.0

98 100.0 100.0
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LC_awareness

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Experienced

Just Certified

Self-information

No idea

Total

29 29.8 29.8 29.8

6 6.0 6.0 35.7

39 39.3 39.3 75.0

25 25.0 25.0 100.0

98 100.0 100.0

BIM_awareness

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Experienced

Just Certified

Self-information

No idea

Total

20 20.2 20.2 20.2

16 16.7 16.7 36.9

50 51.2 51.2 88.1

12 11.9 11.9 100.0

98 100.0 100.0

LC_PR_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

8 8.3 8.3 16.7

44 45.2 45.2 61.9

34 34.5 34.5 96.4

4 3.6 3.6 100.0

98 100.0 100.0

LC_PR_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

9 9.5 9.5 17.9

46 46.4 46.4 64.3

29 29.8 29.8 94.0

6 6.0 6.0 100.0

98 100.0 100.0
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LC_PR_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

11 10.7 10.7 17.9

49 50.0 50.0 67.9

27 27.4 27.4 95.2

5 4.8 4.8 100.0

98 100.0 100.0

LC_PR_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

2 2.4 2.4 2.4

15 15.5 15.5 17.9

36 36.9 36.9 54.8

35 35.7 35.7 90.5

9 9.5 9.5 100.0

98 100.0 100.0

LC_PR_05

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

8 8.3 8.3 15.5

37 38.1 38.1 53.6

35 35.7 35.7 89.3

11 10.7 10.7 100.0

98 100.0 100.0

LC_PR_06

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

11 10.7 10.7 14.3

41 41.7 41.7 56.0

34 34.5 34.5 90.5

9 9.5 9.5 100.0

98 100.0 100.0
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LC_PR_07

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

5 4.8 4.8 4.8

12 11.9 11.9 16.7

35 35.7 35.7 52.4

37 38.1 38.1 90.5

9 9.5 9.5 100.0

98 100.0 100.0

LC_PR_08

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

5 4.8 4.8 11.9

48 48.8 48.8 60.7

32 32.1 32.1 92.9

7 7.1 7.1 100.0

98 100.0 100.0

LC_PR_09

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

14 14.3 14.3 17.9

35 35.7 35.7 53.6

37 38.1 38.1 91.7

8 8.3 8.3 100.0

98 100.0 100.0

LC_PR_10

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

5 4.8 4.8 4.8

7 7.1 7.1 11.9

44 45.2 45.2 57.1

36 36.9 36.9 94.0

6 6.0 6.0 100.0

98 100.0 100.0
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Total_LC

Frequency Percent Valid Percent
Cumulative 

Percent

Valid 1.20

1.30

1.50

1.70

2.10

2.30

2.40

2.50

2.60

2.80

2.90

Moderate

3.10

3.20

3.40

3.50

3.60

3.70

3.80

3.90

High

4.50

4.60

4.90

Total

1 1.2 1.2 1.2

4 3.6 3.6 4.8

1 1.2 1.2 6.0

1 1.2 1.2 7.1

1 1.2 1.2 8.3

2 2.4 2.4 10.7

1 1.2 1.2 11.9

2 2.4 2.4 14.3

2 2.4 2.4 16.7

2 2.4 2.4 19.0

4 3.6 3.6 22.6

20 20.2 20.2 42.9

4 3.6 3.6 46.4

4 3.6 3.6 50.0

4 3.6 3.6 53.6

4 3.6 3.6 57.1

7 7.1 7.1 64.3

4 3.6 3.6 67.9

6 6.0 6.0 73.8

12 11.9 11.9 85.7

7 7.1 7.1 92.9

1 1.2 1.2 94.0

4 3.6 3.6 97.6

2 2.4 2.4 100.0

98 100.0 100.0

BIM_FN_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

12 11.9 11.9 15.5

35 35.7 35.7 51.2

35 35.7 35.7 86.9

13 13.1 13.1 100.0

98 100.0 100.0
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BIM_FN_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

13 13.1 13.1 16.7

30 31.0 31.0 47.6

37 38.1 38.1 85.7

14 14.3 14.3 100.0

98 100.0 100.0

BIM_FN_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

6 6.0 6.0 6.0

8 8.3 8.3 14.3

36 36.9 36.9 51.2

34 34.5 34.5 85.7

14 14.3 14.3 100.0

98 100.0 100.0

BIM_FN_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

12 11.9 11.9 15.5

30 31.0 31.0 46.4

46 46.4 46.4 92.9

7 7.1 7.1 100.0

98 100.0 100.0

BIM_FN_05

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

6 6.0 6.0 6.0

7 7.1 7.1 13.1

36 36.9 36.9 50.0

43 44.0 44.0 94.0

6 6.0 6.0 100.0

98 100.0 100.0
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BIM_FN_06

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

12 11.9 11.9 15.5

39 39.3 39.3 54.8

36 36.9 36.9 91.7

8 8.3 8.3 100.0

98 100.0 100.0

BIM_FN_07

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

13 13.1 13.1 20.2

29 29.8 29.8 50.0

37 38.1 38.1 88.1

12 11.9 11.9 100.0

98 100.0 100.0

BIM_FN_08

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

9 9.5 9.5 16.7

35 35.7 35.7 52.4

35 35.7 35.7 88.1

12 11.9 11.9 100.0

98 100.0 100.0

BIM_FN_09

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

5 4.8 4.8 4.8

14 14.3 14.3 19.0

30 31.0 31.0 50.0

41 41.7 41.7 91.7

8 8.3 8.3 100.0

98 100.0 100.0
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BIM_FN_10

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

8 8.3 8.3 15.5

30 31.0 31.0 46.4

42 42.9 42.9 89.3

11 10.7 10.7 100.0

98 100.0 100.0

Total_BIM

Frequency Percent Valid Percent
Cumulative 

Percent

Valid 1.10

1.30

1 1.2 1.2 1.2

1 1.2 1.2 2.4

1 1.2 1.2 3.6
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Total_BIM

Frequency Percent Valid Percent
Cumulative 

Percent

Valid

1.40

1.50

1.60

1.90

2.30

2.40

2.50

2.60

2.70

2.80

Moderate

3.10

3.20

3.30

3.50

3.60

3.70

3.80

3.90

High

4.10

4.20

4.30

4.40

Very high

Total

1 1.2 1.2 3.6

1 1.2 1.2 4.8

2 2.4 2.4 7.1

1 1.2 1.2 8.3

1 1.2 1.2 9.5

1 1.2 1.2 10.7

2 2.4 2.4 13.1

1 1.2 1.2 14.3

2 2.4 2.4 16.7

4 3.6 3.6 20.2

15 15.5 15.5 35.7

2 2.4 2.4 38.1

5 4.8 4.8 42.9

2 2.4 2.4 45.2

4 3.6 3.6 48.8

7 7.1 7.1 56.0

4 3.6 3.6 59.5

5 4.8 4.8 64.3

5 4.8 4.8 69.0

12 11.9 11.9 81.0

1 1.2 1.2 82.1

6 6.0 6.0 88.1

6 6.0 6.0 94.0

4 3.6 3.6 97.6

2 2.4 2.4 100.0

98 100.0 100.0

LC_A_01_Vs_BIM_G_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

8 8.3 8.3 15.5

35 35.7 35.7 51.2

42 42.9 42.9 94.0

6 6.0 6.0 100.0

98 100.0 100.0
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LC_A_01_Vs_BIM_G_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

6 6.0 6.0 6.0

12 11.9 11.9 17.9

30 31.0 31.0 48.8

42 42.9 42.9 91.7

8 8.3 8.3 100.0

98 100.0 100.0

LC_A_01_Vs_BIM_G_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

4 3.6 3.6 3.6

9 9.5 9.5 13.1

35 35.7 35.7 48.8

46 46.4 46.4 95.2

5 4.8 4.8 100.0

98 100.0 100.0

LC_A_01_Vs_BIM_G_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

8 8.3 8.3 16.7

41 41.7 41.7 58.3

32 32.1 32.1 90.5

9 9.5 9.5 100.0

98 100.0 100.0
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Total_LC_A_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

1.25

1.50

1.75

Low

2.25

2.50

2.75

Moderate

3.25

3.50

3.75

High

4.25

4.50

4.75

Very high

Total

1 1.2 1.2 1.2

2 2.4 2.4 3.6

5 4.8 4.8 8.3

1 1.2 1.2 9.5

1 1.2 1.2 10.7

4 3.6 3.6 14.3

2 2.4 2.4 16.7

2 2.4 2.4 19.0

19 19.0 19.0 38.1

8 8.3 8.3 46.4

8 8.3 8.3 54.8

11 10.7 10.7 65.5

23 23.8 23.8 89.3

4 3.6 3.6 92.9

5 4.8 4.8 97.6

1 1.2 1.2 98.8

1 1.2 1.2 100.0

98 100.0 100.0

LC_A_02_Vs_BIM_G_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

9 9.5 9.5 9.5

8 8.3 8.3 17.9

35 35.7 35.7 53.6

40 40.5 40.5 94.0

6 6.0 6.0 100.0

98 100.0 100.0
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LC_A_02_Vs_BIM_G_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

5 4.8 4.8 4.8

12 11.9 11.9 16.7

33 33.3 33.3 50.0

39 39.3 39.3 89.3

11 10.7 10.7 100.0

98 100.0 100.0

LC_A_02_Vs_BIM_G_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

9 9.5 9.5 9.5

11 10.7 10.7 20.2

30 31.0 31.0 51.2

37 38.1 38.1 89.3

11 10.7 10.7 100.0

98 100.0 100.0

LC_A_02_Vs_BIM_G_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

9 9.5 9.5 17.9

34 34.5 34.5 52.4

34 34.5 34.5 86.9

13 13.1 13.1 100.0

98 100.0 100.0
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Total_LC_A_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

1.25

1.50

1.75

Low

2.25

2.50

2.75

Moderate

3.25

3.50

3.75

High

4.25

4.50

4.75

Very high

Total

5 4.8 4.8 4.8

1 1.2 1.2 6.0

4 3.6 3.6 9.5

1 1.2 1.2 10.7

1 1.2 1.2 11.9

4 3.6 3.6 15.5

4 3.6 3.6 19.0

2 2.4 2.4 21.4

18 17.9 17.9 39.3

7 7.1 7.1 46.4

11 10.7 10.7 57.1

8 8.3 8.3 65.5

18 17.9 17.9 83.3

7 7.1 7.1 90.5

4 3.6 3.6 94.0

2 2.4 2.4 96.4

4 3.6 3.6 100.0

98 100.0 100.0

LC_A_03_Vs_BIM_G_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

8 8.3 8.3 16.7

29 29.8 29.8 46.4

39 39.3 39.3 85.7

14 14.3 14.3 100.0

98 100.0 100.0
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LC_A_03_Vs_BIM_G_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

6 6.0 6.0 6.0

12 11.9 11.9 17.9

36 36.9 36.9 54.8

35 35.7 35.7 90.5

9 9.5 9.5 100.0

98 100.0 100.0

LC_A_03_Vs_BIM_G_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

13 13.1 13.1 21.4

33 33.3 33.3 54.8

32 32.1 32.1 86.9

13 13.1 13.1 100.0

98 100.0 100.0

LC_A_03_Vs_BIM_G_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

9 9.5 9.5 17.9

37 38.1 38.1 56.0

34 34.5 34.5 90.5

9 9.5 9.5 100.0

98 100.0 100.0
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Total_LC_A_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

1.25

1.50

Low

2.25

2.50

2.75

Moderate

3.25

3.50

3.75

High

4.25

4.50

4.75

Very high

Total

5 4.8 4.8 4.8

1 1.2 1.2 6.0

4 3.6 3.6 9.5

1 1.2 1.2 10.7

2 2.4 2.4 13.1

6 6.0 6.0 19.0

1 1.2 1.2 20.2

19 19.0 19.0 39.3

8 8.3 8.3 47.6

9 9.5 9.5 57.1

12 11.9 11.9 69.0

15 15.5 15.5 84.5

6 6.0 6.0 90.5

4 3.6 3.6 94.0

1 1.2 1.2 95.2

5 4.8 4.8 100.0

98 100.0 100.0

LC_A_04_Vs_BIM_G_01

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

7 7.1 7.1 7.1

5 4.8 4.8 11.9

37 38.1 38.1 50.0

41 41.7 41.7 91.7

8 8.3 8.3 100.0

98 100.0 100.0
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LC_A_04_Vs_BIM_G_02

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

5 4.8 4.8 4.8

15 15.5 15.5 20.2

32 32.1 32.1 52.4

37 38.1 38.1 90.5

9 9.5 9.5 100.0

98 100.0 100.0

LC_A_04_Vs_BIM_G_03

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

5 4.8 4.8 4.8

12 11.9 11.9 16.7

39 39.3 39.3 56.0

35 35.7 35.7 91.7

8 8.3 8.3 100.0

98 100.0 100.0

LC_A_04_Vs_BIM_G_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

Low

Moderate

High

Very high

Total

8 8.3 8.3 8.3

14 14.3 14.3 22.6

29 29.8 29.8 52.4

35 35.7 35.7 88.1

12 11.9 11.9 100.0

98 100.0 100.0
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Total_LC_A_04

Frequency Percent Valid Percent
Cumulative 

Percent

Valid Very low

1.25

1.50

1.75

Low

2.25

2.50

2.75

Moderate

3.25

3.50

3.75

High

4.25

4.50

4.75

Very high

Total

4 3.6 3.6 3.6

1 1.2 1.2 4.8

1 1.2 1.2 6.0

2 2.4 2.4 8.3

1 1.2 1.2 9.5

7 7.1 7.1 16.7

2 2.4 2.4 19.0

4 3.6 3.6 22.6

18 17.9 17.9 40.5

5 4.8 4.8 45.2

11 10.7 10.7 56.0

12 11.9 11.9 67.9

18 17.9 17.9 85.7

6 6.0 6.0 91.7

4 3.6 3.6 95.2

1 1.2 1.2 96.4

4 3.6 3.6 100.0

98 100.0 100.0
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Total_Averag

Frequency Percent Valid Percent
Cumulative 

Percent

Valid 1.18

1.19

1.33

1.34

1.49

1.58

1.71

1.79

1.83

2.38

2.43

2.55

2.56

2.72

2.78

2.85

2.88

Moderate

3.03

3.18

3.21

3.22

3.23

3.27

3.37

3.38

3.42

3.43

3.45

3.48

3.51

3.61

3.62

3.68

3.69

3.71

3.72

1 1.2 1.2 1.2

1 1.2 1.2 2.4

1 1.2 1.2 3.6

1 1.2 1.2 4.8

1 1.2 1.2 6.0

1 1.2 1.2 7.1

1 1.2 1.2 8.3

1 1.2 1.2 9.5

1 1.2 1.2 10.7

1 1.2 1.2 11.9

1 1.2 1.2 13.1

1 1.2 1.2 14.3

2 2.4 2.4 16.7

2 2.4 2.4 19.0

1 1.2 1.2 20.2

1 1.2 1.2 21.4

1 1.2 1.2 22.6

13 13.1 13.1 35.7

1 1.2 1.2 36.9

1 1.2 1.2 38.1

1 1.2 1.2 39.3

1 1.2 1.2 40.5

1 1.2 1.2 41.7

1 1.2 1.2 42.9

1 1.2 1.2 44.0

1 1.2 1.2 45.2

1 1.2 1.2 46.4

1 1.2 1.2 47.6

1 1.2 1.2 48.8

1 1.2 1.2 50.0

1 1.2 1.2 51.2

1 1.2 1.2 52.4

1 1.2 1.2 53.6

1 1.2 1.2 54.8

2 2.4 2.4 57.1

4 3.6 3.6 60.7

1 1.2 1.2 61.9

2 2.4 2.4 64.3 Page 23



Total_Averag

Frequency Percent Valid Percent
Cumulative 

Percent

Valid

3.74

3.75

3.76

3.78

3.83

3.84

3.85

3.86

3.90

3.91

3.92

3.96

3.97

3.98

4.05

4.09

4.15

4.18

4.23

4.28

4.30

4.43

4.48

4.53

4.55

4.98

Total

2 2.4 2.4 64.3

1 1.2 1.2 65.5

1 1.2 1.2 66.7

1 1.2 1.2 67.9

1 1.2 1.2 69.0

2 2.4 2.4 71.4

1 1.2 1.2 72.6

1 1.2 1.2 73.8

1 1.2 1.2 75.0

1 1.2 1.2 76.2

2 2.4 2.4 78.6

1 1.2 1.2 79.8

1 1.2 1.2 81.0

1 1.2 1.2 82.1

1 1.2 1.2 83.3

2 2.4 2.4 85.7

1 1.2 1.2 86.9

2 2.4 2.4 89.3

1 1.2 1.2 90.5

1 1.2 1.2 91.7

1 1.2 1.2 92.9

1 1.2 1.2 94.0

2 2.4 2.4 96.4

1 1.2 1.2 97.6

1 1.2 1.2 98.8

1 1.2 1.2 100.0

98 100.0 100.0
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Appendix E: Barriers to integrate LC and IPD on construction megaprojects 

towards the GID in multinational organisations: LeanIPD&GID 

transformative initiatives and corporate governance 

Appendix E consists of following part(s): - 

Part E1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire  

Part E2: Survey questionnaire (Google Forms) 

Part E3: Statistical analysis using IBM® SPSS® Statistics Version 27 for 

MacOS 
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Part E1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire 
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1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

Barriers to integrating lean construction
and integrated project delivery (IPD) on
construction mega-projects towards the
global integrated delivery (GID) in
multinational organisations:
LeanIPD&GID transformative initiatives
There are two sections of the questionnaire 

* Required
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(1) Consultants (i.e. Designer, Architect, Supervision, Project Management)

(2) Main Contractors (including subcontractors, trade contractors)

(3) Clients (i.e. Governmental, semi-governmental, real estate developers, municipal)

(4) Academics

Other:

(1) Senior Management ( i.e. Director Program Manager)

(2) Manager (i.e. Department, Project, Construction)

(3) Senior Level Resident Engineer/Client Consultant

(4) Mid Level (Engineering)

(5) Junior Level (Engineering)

1.1 Organisation set-up *
How do you describe the category of your current organisation?

1.2 Career level *
How do you classify the level of your current role in your organisation?
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(1) Mega-project(s) ( > 1Billion USD)

(2) Large-scale project(s) (>500 Million to 1 Billion)

(3) Medium-scale project(s) (>100 M to 500 M)

(4) Small-scale project(s) (>50 M to 100 M)

(5) Research or project(s) < 50 M

(1) More than 20 years

(2) 16-20 years

(3) 11-15 years

(4) 5-10 years

(5) Less than 5 years

1. General professional questions

There are 10 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

1.3 Size of current project(s) *
Please select the appropriate scale of your largest current project

1.4 Experience in the construction industry *
Please select the appropriate band of your years of experience in the construction industry
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(1) Infrastructure

(2) Metro/LRT

(3) Building

(4) Industrial

Other:

(1) Lump Sum Contracts

(2) Measurement Contracts

(3) Cost Reimbursed Contracts

(4) Design and Build (DB) Contracts

Other:

1.5 Type of project(s) *
Please select the type of your largest current project from the list below

1.6 Type of contract *
Please select the type of contract of your largest current project from the list below



5/12/21, 8:25 PMBarriers to integrating lean construction and integrated project delive… in multinational organisations: LeanIPD&GID transformative initiatives

Page 5 of 15https://docs.google.com/forms/d/1CPQJi9diYA6MrfB75iFJotlsJCuQHwYprkZrwVQJhsw/prefill

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

1.7 Awareness of BIM *
What is your level of knowledge of BIM?

1.8 Knowledge of lean construction practices *
What is your level of knowledge of lean construction (LC)?



5/12/21, 8:25 PMBarriers to integrating lean construction and integrated project delive… in multinational organisations: LeanIPD&GID transformative initiatives

Page 6 of 15https://docs.google.com/forms/d/1CPQJi9diYA6MrfB75iFJotlsJCuQHwYprkZrwVQJhsw/prefill

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

1.9 Knowledge of integrate project delivery (IPD) *
What is your level of knowledge of integrate project delivery (IPD)?
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2. Barriers to integrating lean construction and integrated project delivery (IPD)
on construction mega-projects towards the global integrated delivery (GID) in
multinational organisations

1.10 To what extent are BIM, LC, LeanBIM, IPD, LeanIPD implemented/integrated in
your largest current project(s) *

(1) < 20% (2) 21%-40% (3) 41%-60% (4) 61%-80%
(5) >80% to

100%

BIM

Lean
construction
(LC)

BIM and LC
jointly
(LeanBIM)

Integrate
project delivery
(IPD)

BIM+LC+IPD
jointly
(LeanIPD)

BIM

Lean
construction
(LC)

BIM and LC
jointly
(LeanBIM)

Integrate
project delivery
(IPD)

BIM+LC+IPD
jointly
(LeanIPD)

2.1 Technical-related barriers *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding technical related barriers to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree
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2. Barriers to integrating lean construction and integrated project delivery (IPD)
on construction mega-projects towards the global integrated delivery (GID) in
multinational organisations

B01: Increased
workload for
model
development

B03:
Incompatibility
issues
between
various
software
packages

B14: User-
unfriendliness
of BIM
analysis
software
programs

B16: High cost
of BIM
software
licenses

B21: Lack of
supporting
lean
construction
(LC) analysis
tools and
software

B01: Increased
workload for
model
development

B03:
Incompatibility
issues
between
various
software
packages

B14: User-
unfriendliness
of BIM
analysis
software
programs

B16: High cost
of BIM
software
licenses

B21: Lack of
supporting
lean
construction
(LC) analysis
tools and
software
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2. Barriers to integrating lean construction and integrated project delivery (IPD)
on construction mega-projects towards the global integrated delivery (GID) in
multinational organisations

2.2 Attitude-related barriers *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding attitude related barriers to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

B06: Societal
reluctance to
change from
traditional
values or
cultures

B11: Lack of
awareness
and
collaboration
among
project
stakeholders

B20: Lack of
involvement
and support
of
governments

B06: Societal
reluctance to
change from
traditional
values or
cultures

B11: Lack of
awareness
and
collaboration
among
project
stakeholders

B20: Lack of
involvement
and support
of
governments
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2.3 Education and knowledge related barriers *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding attitude related barriers to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

B15: Lack of
a well-
established
BIM, LC and
LeanBIM
workflows

B25:
Difficulty in
adapting to
BIM
technologies
and
processes

B26: Low
level of
research in
industry and
academia

B28:
Shortage of
cross-field
specialists in
BIM, LC and
LeanBIM

B15: Lack of
a well-
established
BIM, LC and
LeanBIM
workflows

B25:
Difficulty in
adapting to
BIM
technologies
and
processes

B26: Low
level of
research in
industry and
academia

B28:
Shortage of
cross-field
specialists in
BIM, LC and
LeanBIM
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2. Barriers to integrating lean construction and integrated project delivery (IPD)
on construction mega-projects towards the global integrated delivery (GID) in
multinational organisations

2.4 Legal barriers *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding attitude related barriers to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

B02: Lack of
legal
framework,
and contract
uncertainties
of BIM and
lean
construction
(LC)

B07: Lack of
insurance
applicable to
BIM, LC and
LeanBIM
adoption

B10:
Immature
dispute
resolution
mechanisms
for BIM, LC
and LeanBIM
adoption

B19: Lack of
mandatory

B02: Lack of
legal
framework,
and contract
uncertainties
of BIM and
lean
construction
(LC)

B07: Lack of
insurance
applicable to
BIM, LC and
LeanBIM
adoption

B10:
Immature
dispute
resolution
mechanisms
for BIM, LC
and LeanBIM
adoption

B19: Lack of
mandatory



5/12/21, 8:25 PMBarriers to integrating lean construction and integrated project delive… in multinational organisations: LeanIPD&GID transformative initiatives

Page 12 of 15https://docs.google.com/forms/d/1CPQJi9diYA6MrfB75iFJotlsJCuQHwYprkZrwVQJhsw/prefill

2. Barriers to integrating lean construction and integrated project delivery (IPD)
on construction mega-projects towards the global integrated delivery (GID) in
multinational organisations

BIM and LC
industry
standards
and
regulations
by
governments

B23:
Intellectual
properties
rights,
associated
disputed and
risks

B27:
Di!culty in
allocating
and sharing
LC, BIM and
LeanBIM
risks

BIM and LC
industry
standards
and
regulations
by
governments

B23:
Intellectual
properties
rights,
associated
disputed and
risks

B27:
Di!culty in
allocating
and sharing
LC, BIM and
LeanBIM
risks
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2. Barriers to integrating lean construction and integrated project delivery (IPD)
on construction mega-projects towards the global integrated delivery (GID) in
multinational organisations

2.5 Project objectives related barriers *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding attitude related barriers to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

B08: Lack of
initiative and
hesitance on
future
investments

B09:
Organisational
challenges,
project
strategies, and
policies

B13: Negative
attitude
towards data
sharing

B24: Lack of
senior
management
commitment
and clients
demand

B08: Lack of
initiative and
hesitance on
future
investments

B09:
Organisational
challenges,
project
strategies, and
policies

B13: Negative
attitude
towards data
sharing

B24: Lack of
senior
management
commitment
and clients
demand
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2.6 Market-related barriers *
Please indicate the extent to which you agree or disagree with the following statements in the context of
construction mega-projects

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

B04: Varied
market
readiness
across
organisations
and geographic
locations

B05:
Resistance of
industry to
change from
traditional
working
practices

B12:
Fragmented
nature of
construction
industry

B17:
Ambiguous
economic
benefits

B18: High initial
investment in
sta" training
costs of BIM

B22: High
training and

B04: Varied
market
readiness
across
organisations
and geographic
locations

B05:
Resistance of
industry to
change from
traditional
working
practices

B12:
Fragmented
nature of
construction
industry

B17:
Ambiguous
economic
benefits

B18: High initial
investment in
sta" training
costs of BIM

B22: High
training and
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Thank you for completing this survey

Thank you for taking the time to complete this questionnaire. Your assistance in providing this information 
is very much appreciated.

Page 1 of 10

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

implementation
costs and time
of BIM

implementation
costs and time
of BIM

Please add any comments you may have in the context of lean construction, IPD
and GID in the context of construction mega-projects. If you would like to have a
copy of the research findings, please include your email address

Your answer

Get link

 Forms

Pre-ill responses, then click "Get link"

https://docs.google.com/forms/u/0/d/e/1FAIpQLScFY7SUoZ7wyizqOm5Cz1dCrn1CJp-8kmhtLZp4KwSzMz8TKw/reportabuse?source=https://docs.google.com/forms/d/e/1FAIpQLScFY7SUoZ7wyizqOm5Cz1dCrn1CJp-8kmhtLZp4KwSzMz8TKw/viewform
https://policies.google.com/terms
https://policies.google.com/privacy
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Part E3: Statistical analysis using IBM® SPSS® Statistics Version 27 for MacOS



     

  
DESCRIPTIVES VARIABLES=B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 
B17 B18 B19 B20 B21 
    B22 B23 B24 B25 B26 B27 B28 
  /STATISTICS=MEAN STDDEV MIN MAX.

Descriptives

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

27-OCT-2020 15:41:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

User defined missing 
values are treated as 
missing.

All non-missing data are 
used.

DESCRIPTIVES 
VARIABLES=B1 B2 B3 B4 
B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21
    B22 B23 B24 B25 
B26 B27 B28
  /STATISTICS=MEAN 
STDDEV MIN MAX.

00:00:00.00

00:00:00.00
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Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

Valid N (listwise)

230 1 7 4.63 1.285

230 3 7 5.56 1.046

230 3 7 5.16 1.149

230 1 7 4.47 1.324

230 4 7 5.80 .958

230 3 7 4.90 1.115

230 1 7 4.70 1.230

230 3 7 5.23 1.165

230 3 7 5.51 1.064

230 3 7 4.96 1.095

230 3 7 5.26 1.141

230 3 7 5.06 1.100

230 3 7 5.30 1.114

230 3 7 5.10 1.120

230 4 7 5.58 1.024

230 4 7 5.93 .828

230 3 7 5.00 1.096

230 4 7 5.89 .862

230 4 7 6.11 .621

230 4 7 6.02 .753

230 4 7 5.59 1.010

230 1 7 5.71 1.047

230 3 7 5.21 1.146

230 4 7 5.67 .963

230 4 7 5.47 1.072

230 3 7 5.13 1.135

230 3 7 5.10 1.127

230 4 7 5.77 .946

230
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MEANS TABLES=B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B1
9 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 BY Organisation_setup 
  /CELLS=MEAN COUNT STDDEV VAR NPCT SPCT 
  /STATISTICS ANOVA LINEARITY.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

27-OCT-2020 15:47:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.
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Notes

Syntax

Resources Processor Time

Elapsed Time

MEANS TABLES=B1 B2 
B3 B4 B5 B6 B7 B8 B9 
B10 B11 B12 B13 B14 
B15 B16 B17 B18 B19 
B20 B21 B22 B23 B24
    B25 B26 B27 B28 BY 
Organisation_setup
  /CELLS=MEAN COUNT 
STDDEV VAR NPCT 
SPCT
  /STATISTICS ANOVA 
LINEARITY.

00:00:00.05

00:00:00.00

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B1  * Organisation set-up

B2  * Organisation set-up

B3  * Organisation set-up

B4  * Organisation set-up

B5  * Organisation set-up

B6  * Organisation set-up

B7  * Organisation set-up

B8  * Organisation set-up

B9  * Organisation set-up

B10  * Organisation set-
up

B11  * Organisation set-
up

B12  * Organisation set-
up

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B13  * Organisation set-
up

B14  * Organisation set-
up

B15  * Organisation set-
up

B16  * Organisation set-
up

B17  * Organisation set-
up

B18  * Organisation set-
up

B19  * Organisation set-
up

B20  * Organisation set-
up

B21  * Organisation set-
up

B22  * Organisation set-
up

B23  * Organisation set-
up

B24  * Organisation set-
up

B25  * Organisation set-
up

B26  * Organisation set-
up

B27  * Organisation set-
up

B28  * Organisation set-
up

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%
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Report

Organisation set-up B1 B2 B3 B4 B5 B6

Consultant Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Main Contractor Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Client Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Academic Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Total Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

4.46 5.41 4.95 4.58 5.73 4.72 4.57

9 8 9 8 9 8 9 8 9 8 9 8 9 8

1.237 1.101 1.106 1.209 1.011 1.072 1.184

1.529 1.213 1.224 1.462 1.022 1.150 1.402

42.6% 42.6% 42.6% 42.6% 42.6% 42.6% 42.6%

41.1% 41.4% 40.9% 43.7% 42.1% 41.1% 41.5%

4.92 5.78 5.43 4.58 5.93 5.31 5.04

7 2 7 2 7 2 7 2 7 2 7 2 7 2

1.371 .953 1.098 1.361 .877 1.121 1.294

1.880 .908 1.206 1.852 .770 1.257 1.674

31.3% 31.3% 31.3% 31.3% 31.3% 31.3% 31.3%

33.3% 32.5% 33.0% 32.1% 32.0% 33.9% 33.6%

4.62 5.49 5.10 4.15 5.67 4.64 4.56

3 9 3 9 3 9 3 9 3 9 3 9 3 9

1.161 1.048 1.252 1.565 .982 1.063 1.165

1.348 1.099 1.568 2.449 .965 1.131 1.358

17.0% 17.0% 17.0% 17.0% 17.0% 17.0% 17.0%

16.9% 16.7% 16.8% 15.8% 16.6% 16.1% 16.5%

4.43 5.67 5.29 4.10 5.95 4.81 4.33

2 1 2 1 2 1 2 1 2 1 2 1 2 1

1.326 1.017 1.189 1.136 .921 1.078 1.155

1.757 1.033 1.414 1.290 .848 1.162 1.333

9.1% 9.1% 9.1% 9.1% 9.1% 9.1% 9.1%

8.7% 9.3% 9.4% 8.4% 9.4% 9.0% 8.4%

4.63 5.56 5.16 4.47 5.80 4.90 4.70

230 230 230 230 230 230 230

1.285 1.046 1.149 1.324 .958 1.115 1.230

1.650 1.095 1.320 1.752 .918 1.243 1.514

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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Organisation set-up B7 B8 B9 B10 B11 B12

Consultant Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Main Contractor Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Client Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Academic Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Total Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

4.57 5.05 5.38 4.80 5.11 4.84 5.12

9 8 9 8 9 8 9 8 9 8 9 8 9 8

1.184 1.134 1.098 1.074 1.130 1.081 1.115

1.402 1.286 1.207 1.154 1.276 1.169 1.243

42.6% 42.6% 42.6% 42.6% 42.6% 42.6% 42.6%

41.5% 41.1% 41.6% 41.2% 41.4% 40.7% 41.2%

5.04 5.47 5.76 5.31 5.50 5.36 5.54

7 2 7 2 7 2 7 2 7 2 7 2 7 2

1.294 1.100 .986 1.083 1.088 1.104 1.047

1.674 1.210 .972 1.173 1.183 1.220 1.097

31.3% 31.3% 31.3% 31.3% 31.3% 31.3% 31.3%

33.6% 32.8% 32.7% 33.5% 32.7% 33.2% 32.7%

4.56 5.23 5.36 4.77 5.18 4.97 5.31

3 9 3 9 3 9 3 9 3 9 3 9 3 9

1.165 1.266 1.063 1.063 1.211 1.088 1.151

1.358 1.603 1.131 1.130 1.467 1.184 1.324

17.0% 17.0% 17.0% 17.0% 17.0% 17.0% 17.0%

16.5% 17.0% 16.5% 16.3% 16.7% 16.7% 17.0%

4.33 5.24 5.57 4.90 5.29 5.24 5.29

2 1 2 1 2 1 2 1 2 1 2 1 2 1

1.155 1.261 1.076 1.091 1.189 .995 1.189

1.333 1.590 1.157 1.190 1.414 .990 1.414

9.1% 9.1% 9.1% 9.1% 9.1% 9.1% 9.1%

8.4% 9.1% 9.2% 9.0% 9.2% 9.5% 9.1%

4.70 5.23 5.51 4.96 5.26 5.06 5.30

230 230 230 230 230 230 230

1.230 1.165 1.064 1.095 1.141 1.100 1.114

1.514 1.357 1.133 1.199 1.303 1.210 1.241

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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Organisation set-up B13 B14 B15 B16 B17 B18

Consultant Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Main Contractor Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Client Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Academic Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Total Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

5.12 4.88 5.48 5.91 4.82 5.82 6.15

9 8 9 8 9 8 9 8 9 8 9 8 9 8

1.115 1.087 1.057 .874 1.078 .945 .664

1.243 1.181 1.118 .765 1.162 .894 .440

42.6% 42.6% 42.6% 42.6% 42.6% 42.6% 42.6%

41.2% 40.7% 41.9% 42.4% 41.0% 42.1% 42.9%

5.54 5.39 5.75 6.03 5.33 6.03 6.04

7 2 7 2 7 2 7 2 7 2 7 2 7 2

1.047 1.095 .931 .731 1.075 .731 .680

1.097 1.199 .866 .534 1.155 .534 .463

31.3% 31.3% 31.3% 31.3% 31.3% 31.3% 31.3%

32.7% 33.0% 32.3% 31.8% 33.4% 32.0% 31.0%

5.31 5.05 5.49 5.82 4.85 5.79 6.10

3 9 3 9 3 9 3 9 3 9 3 9 3 9

1.151 1.191 1.048 .854 1.113 .923 .502

1.324 1.418 1.099 .730 1.239 .852 .252

17.0% 17.0% 17.0% 17.0% 17.0% 17.0% 17.0%

17.0% 16.8% 16.7% 16.6% 16.4% 16.7% 16.9%

5.29 5.29 5.62 5.90 5.05 5.95 6.14

2 1 2 1 2 1 2 1 2 1 2 1 2 1

1.189 1.056 1.117 .889 1.024 .740 .359

1.414 1.114 1.248 .790 1.048 .548 .129

9.1% 9.1% 9.1% 9.1% 9.1% 9.1% 9.1%

9.1% 9.5% 9.2% 9.1% 9.2% 9.2% 9.2%

5.30 5.10 5.58 5.93 5.00 5.89 6.11

230 230 230 230 230 230 230

1.114 1.120 1.024 .828 1.096 .862 .621

1.241 1.255 1.048 .685 1.201 .744 .386

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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Organisation set-up B19 B20 B21 B22 B23 B24

Consultant Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Main Contractor Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Client Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Academic Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Total Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

6.15 6.03 5.53 5.76 5.00 5.60 5.30

9 8 9 8 9 8 9 8 9 8 9 8 9 8

.664 .766 1.047 .995 1.121 1.023 1.096

.440 .587 1.097 .991 1.258 1.046 1.200

42.6% 42.6% 42.6% 42.6% 42.6% 42.6% 42.6%

42.9% 42.7% 42.1% 42.9% 40.9% 42.1% 41.3%

6.04 6.08 5.75 5.81 5.46 5.85 5.74

7 2 7 2 7 2 7 2 7 2 7 2 7 2

.680 .707 .931 1.043 1.087 .867 .964

.463 .500 .866 1.088 1.181 .751 .929

31.3% 31.3% 31.3% 31.3% 31.3% 31.3% 31.3%

31.0% 31.6% 32.2% 31.8% 32.8% 32.3% 32.8%

6.10 5.92 5.49 5.59 5.26 5.59 5.46

3 9 3 9 3 9 3 9 3 9 3 9 3 9

.502 .839 1.048 .993 1.229 .993 1.097

.252 .704 1.099 .985 1.511 .985 1.202

17.0% 17.0% 17.0% 17.0% 17.0% 17.0% 17.0%

16.9% 16.7% 16.6% 16.6% 17.1% 16.7% 16.9%

6.14 5.90 5.52 5.43 5.29 5.57 5.38

2 1 2 1 2 1 2 1 2 1 2 1 2 1

.359 .700 1.030 1.363 1.189 .926 1.161

.129 .490 1.062 1.857 1.414 .857 1.348

9.1% 9.1% 9.1% 9.1% 9.1% 9.1% 9.1%

9.2% 9.0% 9.0% 8.7% 9.3% 9.0% 9.0%

6.11 6.02 5.59 5.71 5.21 5.67 5.47

230 230 230 230 230 230 230

.621 .753 1.010 1.047 1.146 .963 1.072

.386 .567 1.020 1.096 1.312 .928 1.150

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Page 7



Report

Organisation set-up B25 B26 B27 B28

Consultant Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Main Contractor Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Client Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Academic Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

Total Mean

N

Std. Deviation

Variance

% of Total N

% of Total Sum

5.30 4.92 4.88 5.73

9 8 9 8 9 8 9 8

1.096 1.090 1.115 .980

1.200 1.189 1.243 .960

42.6% 42.6% 42.6% 42.6%

41.3% 40.8% 40.8% 42.4%

5.74 5.40 5.39 5.90

7 2 7 2 7 2 7 2

.964 1.109 1.095 .858

.929 1.230 1.199 .737

31.3% 31.3% 31.3% 31.3%

32.8% 32.9% 33.1% 32.0%

5.46 5.10 5.00 5.72

3 9 3 9 3 9 3 9

1.097 1.188 1.124 .944

1.202 1.410 1.263 .892

17.0% 17.0% 17.0% 17.0%

16.9% 16.9% 16.6% 16.8%

5.38 5.29 5.33 5.57

2 1 2 1 2 1 2 1

1.161 1.189 1.111 1.076

1.348 1.414 1.233 1.157

9.1% 9.1% 9.1% 9.1%

9.0% 9.4% 9.5% 8.8%

5.47 5.13 5.10 5.77

230 230 230 230

1.072 1.135 1.127 .946

1.150 1.287 1.269 .894

100.0% 100.0% 100.0% 100.0%

100.0% 100.0% 100.0% 100.0%
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ANOVA Table

Sum of 
Squares df

B1 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B2 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B3 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B4 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B5 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B6 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B7 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

9.633 3 3.211

.266 1 .266

9.367 2 4.684

368.210 226 1.629

377.843 229

6.120 3 2.040

1.244 1 1.244

4.875 2 2.438

244.528 226 1.082

250.648 229

10.092 3 3.364

2.548 1 2.548

7.544 2 3.772

292.273 226 1.293

302.365 229

8.988 3 2.996

6.954 1 6.954

2.034 2 1.017

392.233 226 1.736

401.222 229

2.822 3 .941

.268 1 .268

2.554 2 1.277

207.374 226 .918

210.196 229

17.649 3 5.883

.050 1 .050

17.599 2 8.799

267.051 226 1.182

284.700 229

13.564 3 4.521

.304 1 .304

13.260 2 6.630

333.131 226 1.474

346.696 229

7.365 3 2.455
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ANOVA Table

Mean Square F

B1 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B2 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B3 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B4 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B5 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B6 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B7 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

3.211 1.971 .119

.266 .163 .687

4.684 2.875 .058

1.629

2.040 1.885 .133

1.244 1.150 .285

2.438 2.253 .107

1.082

3.364 2.601 .053

2.548 1.970 .162

3.772 2.917 .056

1.293

2.996 1.726 .162

6.954 4.007 .047

1.017 .586 .557

1.736

.941 1.025 .382

.268 .292 .589

1.277 1.392 .251

.918

5.883 4.979 .002

.050 .042 .838

8.799 7.447 .001

1.182

4.521 3.067 .029

.304 .206 .650

6.630 4.498 .012

1.474

2.455 1.829 .143
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ANOVA Table

Sig.

B1 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B2 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B3 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B4 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B5 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B6 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B7 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

.119

.687

.058

.133

.285

.107

.053

.162

.056

.162

.047

.557

.382

.589

.251

.002

.838

.001

.029

.650

.012

.143
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ANOVA Table

Sum of 
Squares df

B8 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B9 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B10 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B11 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B12 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B13 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B14 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

7.365 3 2.455

1.461 1 1.461

5.904 2 2.952

303.422 226 1.343

310.787 229

7.327 3 2.442

.430 1 .430

6.897 2 3.448

252.134 226 1.116

259.461 229

12.719 3 4.240

.183 1 .183

12.536 2 6.268

261.929 226 1.159

274.648 229

6.553 3 2.184

.704 1 .704

5.850 2 2.925

291.795 226 1.291

298.348 229

12.365 3 4.122

3.085 1 3.085

9.281 2 4.640

264.783 226 1.172

277.148 229

7.301 3 2.434

1.331 1 1.331

5.970 2 2.985

276.999 226 1.226

284.300 229

11.671 3 3.890

3.510 1 3.510

8.160 2 4.080

275.825 226 1.220

287.496 229

3.436 3 1.145
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ANOVA Table

Mean Square F

B8 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B9 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B10 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B11 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B12 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B13 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B14 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

2.455 1.829 .143

1.461 1.088 .298

2.952 2.199 .113

1.343

2.442 2.189 .090

.430 .386 .535

3.448 3.091 .047

1.116

4.240 3.658 .013

.183 .158 .692

6.268 5.408 .005

1.159

2.184 1.692 .170

.704 .545 .461

2.925 2.265 .106

1.291

4.122 3.518 .016

3.085 2.633 .106

4.640 3.961 .020

1.172

2.434 1.986 .117

1.331 1.086 .299

2.985 2.436 .090

1.226

3.890 3.188 .025

3.510 2.876 .091

4.080 3.343 .037

1.220

1.145 1.094 .353

Page 13



ANOVA Table

Sig.

B8 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B9 * Organisation set-up Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B10 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B11 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B12 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B13 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B14 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

.143

.298

.113

.090

.535

.047

.013

.692

.005

.170

.461

.106

.016

.106

.020

.117

.299

.090

.025

.091

.037

.353
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ANOVA Table

Sum of 
Squares df

B15 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B16 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B17 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B18 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B19 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B20 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B21 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

3.436 3 1.145

.279 1 .279

3.157 2 1.579

236.655 226 1.047

240.091 229

1.216 3 .405

.046 1 .046

1.170 2 .585

155.671 226 .689

156.887 229

12.272 3 4.091

.901 1 .901

11.371 2 5.686

262.723 226 1.162

274.996 229

2.333 3 .778

.172 1 .172

2.161 2 1.080

167.950 226 .743

170.283 229

.542 3 .181

.045 1 .045

.497 2 .249

87.740 226 .388

88.283 229

.944 3 .315

.429 1 .429

.515 2 .257

128.987 226 .571

129.930 229

2.693 3 .898

.004 1 .004

2.689 2 1.344

230.890 226 1.022

233.583 229

3.082 3 1.027
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ANOVA Table

Mean Square F

B15 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B16 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B17 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B18 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B19 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B20 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B21 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

1.145 1.094 .353

.279 .266 .606

1.579 1.507 .224

1.047

.405 .588 .623

.046 .067 .796

.585 .849 .429

.689

4.091 3.519 .016

.901 .775 .379

5.686 4.891 .008

1.162

.778 1.046 .373

.172 .232 .631

1.080 1.454 .236

.743

.181 .466 .707

.045 .116 .733

.249 .640 .528

.388

.315 .551 .648

.429 .751 .387

.257 .451 .637

.571

.898 .879 .453

.004 .004 .950

1.344 1.316 .270

1.022

1.027 .936 .424
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ANOVA Table

Sig.

B15 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B16 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B17 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B18 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B19 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B20 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B21 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

.353

.606

.224

.623

.796

.429

.016

.379

.008

.373

.631

.236

.707

.733

.528

.648

.387

.637

.453

.950

.270

.424
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ANOVA Table

Sum of 
Squares df

B22 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B23 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B24 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B25 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B26 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B27 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B28 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

3.082 3 1.027

1.984 1 1.984

1.098 2 .549

247.979 226 1.097

251.061 229

8.964 3 2.988

2.987 1 2.987

5.977 2 2.988

291.597 226 1.290

300.561 229

3.166 3 1.055

.001 1 .001

3.164 2 1.582

209.378 226 .926

212.543 229

8.238 3 2.746

.767 1 .767

7.471 2 3.735

255.049 226 1.129

263.287 229

10.280 3 3.427

3.146 1 3.146

7.134 2 3.567

284.542 226 1.259

294.822 229

12.392 3 4.131

3.492 1 3.492

8.900 2 4.450

278.308 226 1.231

290.700 229

2.325 3 .775

.218 1 .218

2.107 2 1.054

202.462 226 .896

204.787 229
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ANOVA Table

Mean Square F

B22 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B23 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B24 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B25 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B26 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B27 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B28 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

1.027 .936 .424

1.984 1.808 .180

.549 .500 .607

1.097

2.988 2.316 .077

2.987 2.315 .129

2.988 2.316 .101

1.290

1.055 1.139 .334

.001 .001 .970

1.582 1.708 .184

.926

2.746 2.433 .066

.767 .680 .411

3.735 3.310 .038

1.129

3.427 2.722 .045

3.146 2.498 .115

3.567 2.833 .061

1.259

4.131 3.354 .020

3.492 2.835 .094

4.450 3.614 .029

1.231

.775 .865 .460

.218 .243 .622

1.054 1.176 .310

.896
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ANOVA Table

Sig.

B22 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B23 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B24 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B25 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B26 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B27 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

B28 * Organisation set-
up

Between Groups (Combined)

Linearity

Deviation from Linearity

Within Groups

Total

.424

.180

.607

.077

.129

.101

.334

.970

.184

.066

.411

.038

.045

.115

.061

.020

.094

.029

.460

.622

.310
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Measures of Association

R R Squared Eta Eta Squared

B1 * Organisation set-up

B2 * Organisation set-up

B3 * Organisation set-up

B4 * Organisation set-up

B5 * Organisation set-up

B6 * Organisation set-up

B7 * Organisation set-up

B8 * Organisation set-up

B9 * Organisation set-up

B10 * Organisation set-
up

B11 * Organisation set-
up

B12 * Organisation set-
up

B13 * Organisation set-
up

B14 * Organisation set-
up

B15 * Organisation set-
up

B16 * Organisation set-
up

B17 * Organisation set-
up

B18 * Organisation set-
up

B19 * Organisation set-
up

B20 * Organisation set-
up

B21 * Organisation set-
up

.027 .001 .160 .025

.070 .005 .156 .024

.092 .008 .183 .033

- .132 .017 .150 .022

.036 .001 .116 .013

.013 .000 .249 .062

- .030 .001 .198 .039

.069 .005 .154 .024

.041 .002 .168 .028

.026 .001 .215 .046

.049 .002 .148 .022

.105 .011 .211 .045

.068 .005 .160 .026

.111 .012 .201 .041

.034 .001 .120 .014

- .017 .000 .088 .008

.057 .003 .211 .045

.032 .001 .117 .014

- .023 .001 .078 .006

- .057 .003 .085 .007

- .004 .000 .107 .012

- .089 .008 .111 .012
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Measures of Association

R R Squared Eta Eta Squared

B22 * Organisation set-
up

B23 * Organisation set-
up

B24 * Organisation set-
up

B25 * Organisation set-
up

B26 * Organisation set-
up

B27 * Organisation set-
up

B28 * Organisation set-
up

- .089 .008 .111 .012

.100 .010 .173 .030

- .003 .000 .122 .015

.054 .003 .177 .031

.103 .011 .187 .035

.110 .012 .206 .043

- .033 .001 .107 .011
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MEANS TABLES=B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B1
9 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 BY Organisation_setup 
  /CELLS=MEAN STDDEV VAR.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

27-OCT-2020 15:50:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.

MEANS TABLES=B1 B2 
B3 B4 B5 B6 B7 B8 B9 
B10 B11 B12 B13 B14 
B15 B16 B17 B18 B19 
B20 B21 B22 B23 B24
    B25 B26 B27 B28 BY 
Organisation_setup
  /CELLS=MEAN 
STDDEV VAR.

00:00:00.03
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Notes

Resources Processor Time

Elapsed Time

00:00:00.03

00:00:00.00

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B1  * Organisation set-up

B2  * Organisation set-up

B3  * Organisation set-up

B4  * Organisation set-up

B5  * Organisation set-up

B6  * Organisation set-up

B7  * Organisation set-up

B8  * Organisation set-up

B9  * Organisation set-up

B10  * Organisation set-
up

B11  * Organisation set-
up

B12  * Organisation set-
up

B13  * Organisation set-
up

B14  * Organisation set-
up

B15  * Organisation set-
up

B16  * Organisation set-
up

B17  * Organisation set-
up

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

B18  * Organisation set-
up

B19  * Organisation set-
up

B20  * Organisation set-
up

B21  * Organisation set-
up

B22  * Organisation set-
up

B23  * Organisation set-
up

B24  * Organisation set-
up

B25  * Organisation set-
up

B26  * Organisation set-
up

B27  * Organisation set-
up

B28  * Organisation set-
up

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%

230 100.0% 0 0.0% 230 100.0%
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Report

Organisation set-up B1 B2 B3 B4 B5 B6

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

4.46 5.41 4.95 4.58 5.73 4.72 4.57

1.237 1.101 1.106 1.209 1.011 1.072 1.184

1.529 1.213 1.224 1.462 1.022 1.150 1.402

4.92 5.78 5.43 4.58 5.93 5.31 5.04

1.371 .953 1.098 1.361 .877 1.121 1.294

1.880 .908 1.206 1.852 .770 1.257 1.674

4.62 5.49 5.10 4.15 5.67 4.64 4.56

1.161 1.048 1.252 1.565 .982 1.063 1.165

1.348 1.099 1.568 2.449 .965 1.131 1.358

4.43 5.67 5.29 4.10 5.95 4.81 4.33

1.326 1.017 1.189 1.136 .921 1.078 1.155

1.757 1.033 1.414 1.290 .848 1.162 1.333

4.63 5.56 5.16 4.47 5.80 4.90 4.70

1.285 1.046 1.149 1.324 .958 1.115 1.230

1.650 1.095 1.320 1.752 .918 1.243 1.514

Report

Organisation set-up B7 B8 B9 B10 B11 B12

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

4.57 5.05 5.38 4.80 5.11 4.84 5.12

1.184 1.134 1.098 1.074 1.130 1.081 1.115

1.402 1.286 1.207 1.154 1.276 1.169 1.243

5.04 5.47 5.76 5.31 5.50 5.36 5.54

1.294 1.100 .986 1.083 1.088 1.104 1.047

1.674 1.210 .972 1.173 1.183 1.220 1.097

4.56 5.23 5.36 4.77 5.18 4.97 5.31

1.165 1.266 1.063 1.063 1.211 1.088 1.151

1.358 1.603 1.131 1.130 1.467 1.184 1.324

4.33 5.24 5.57 4.90 5.29 5.24 5.29

1.155 1.261 1.076 1.091 1.189 .995 1.189

1.333 1.590 1.157 1.190 1.414 .990 1.414

4.70 5.23 5.51 4.96 5.26 5.06 5.30

1.230 1.165 1.064 1.095 1.141 1.100 1.114

1.514 1.357 1.133 1.199 1.303 1.210 1.241
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Report

Organisation set-up B13 B14 B15 B16 B17 B18

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.12 4.88 5.48 5.91 4.82 5.82 6.15

1.115 1.087 1.057 .874 1.078 .945 .664

1.243 1.181 1.118 .765 1.162 .894 .440

5.54 5.39 5.75 6.03 5.33 6.03 6.04

1.047 1.095 .931 .731 1.075 .731 .680

1.097 1.199 .866 .534 1.155 .534 .463

5.31 5.05 5.49 5.82 4.85 5.79 6.10

1.151 1.191 1.048 .854 1.113 .923 .502

1.324 1.418 1.099 .730 1.239 .852 .252

5.29 5.29 5.62 5.90 5.05 5.95 6.14

1.189 1.056 1.117 .889 1.024 .740 .359

1.414 1.114 1.248 .790 1.048 .548 .129

5.30 5.10 5.58 5.93 5.00 5.89 6.11

1.114 1.120 1.024 .828 1.096 .862 .621

1.241 1.255 1.048 .685 1.201 .744 .386

Report

Organisation set-up B19 B20 B21 B22 B23 B24

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

6.15 6.03 5.53 5.76 5.00 5.60 5.30

.664 .766 1.047 .995 1.121 1.023 1.096

.440 .587 1.097 .991 1.258 1.046 1.200

6.04 6.08 5.75 5.81 5.46 5.85 5.74

.680 .707 .931 1.043 1.087 .867 .964

.463 .500 .866 1.088 1.181 .751 .929

6.10 5.92 5.49 5.59 5.26 5.59 5.46

.502 .839 1.048 .993 1.229 .993 1.097

.252 .704 1.099 .985 1.511 .985 1.202

6.14 5.90 5.52 5.43 5.29 5.57 5.38

.359 .700 1.030 1.363 1.189 .926 1.161

.129 .490 1.062 1.857 1.414 .857 1.348

6.11 6.02 5.59 5.71 5.21 5.67 5.47

.621 .753 1.010 1.047 1.146 .963 1.072

.386 .567 1.020 1.096 1.312 .928 1.150
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Report

Organisation set-up B25 B26 B27 B28

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.30 4.92 4.88 5.73

1.096 1.090 1.115 .980

1.200 1.189 1.243 .960

5.74 5.40 5.39 5.90

.964 1.109 1.095 .858

.929 1.230 1.199 .737

5.46 5.10 5.00 5.72

1.097 1.188 1.124 .944

1.202 1.410 1.263 .892

5.38 5.29 5.33 5.57

1.161 1.189 1.111 1.076

1.348 1.414 1.233 1.157

5.47 5.13 5.10 5.77

1.072 1.135 1.127 .946

1.150 1.287 1.269 .894
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ONEWAY B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 
    B26 B27 B28 BY Organisation_setup 
  /STATISTICS HOMOGENEITY 
  /MISSING ANALYSIS.

Oneway

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

07-NOV-2020 20:20...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

User-defined missing 
values are treated as 
missing.

Statistics for each 
analysis are based on 
cases with no missing 
data for any variable in 
the analysis.

ONEWAY B1 B2 B3 B4 
B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25
    B26 B27 B28 BY 
Organisation_setup
  /STATISTICS 
HOMOGENEITY
  /MISSING ANALYSIS.

00:00:00.03

00:00:00.00
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B1 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B2 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B3 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B4 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B5 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B6 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B7 Based on Mean

Based on Median

1.822 3 226 .144

1.704 3 226 .167

1.704 3 213.766 .167

1.506 3 226 .214

4.622 3 226 .004

1.251 3 226 .292

1.251 3 221.840 .292

5.041 3 226 .002

2.491 3 226 .061

1.562 3 226 .199

1.562 3 225.350 .199

2.599 3 226 .053

2.357 3 226 .073

1.310 3 226 .272

1.310 3 224.504 .272

2.600 3 226 .053

2.368 3 226 .072

.500 3 226 .683

.500 3 222.623 .683

2.636 3 226 .051

.216 3 226 .885

.043 3 226 .988

.043 3 225.119 .988

.192 3 226 .902

2.601 3 226 .053

1.452 3 226 .229

1.452 3 219.993 .229
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B7

Based on Median and 
with adjusted df

Based on trimmed mean

B8 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B9 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B10 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B11 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B12 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B13 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

1.452 3 219.993 .229

2.106 3 226 .100

2.993 3 226 .032

1.398 3 226 .244

1.398 3 224.467 .244

3.074 3 226 .029

4.053 3 226 .008

.945 3 226 .420

.945 3 222.100 .420

4.531 3 226 .004

.107 3 226 .956

.094 3 226 .963

.094 3 225.276 .963

.104 3 226 .958

2.583 3 226 .054

1.334 3 226 .264

1.334 3 224.884 .264

2.793 3 226 .041

.703 3 226 .551

.601 3 226 .615

.601 3 225.704 .615

.844 3 226 .471

3.518 3 226 .016

1.750 3 226 .158

1.750 3 224.879 .158

3.906 3 226 .010

1.669 3 226 .174
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B14 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B15 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B16 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B17 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B18 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B19 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B20 Based on Mean

Based on Median

1.669 3 226 .174

1.001 3 226 .393

1.001 3 223.136 .393

1.732 3 226 .161

3.470 3 226 .017

.981 3 226 .402

.981 3 223.298 .402

3.857 3 226 .010

1.115 3 226 .344

.412 3 226 .744

.412 3 221.828 .744

.412 3 226 .745

.608 3 226 .611

.395 3 226 .757

.395 3 225.830 .757

.731 3 226 .534

3.558 3 226 .015

1.215 3 226 .305

1.215 3 217.737 .305

2.600 3 226 .053

1.432 3 226 .234

1.327 3 226 .266

1.327 3 213.753 .267

2.381 3 226 .070

.249 3 226 .862

.286 3 226 .836

.286 3 223.297 .836
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B20

Based on Median and 
with adjusted df

Based on trimmed mean

B21 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B22 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B23 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B24 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B25 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B26 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

.286 3 223.297 .836

.257 3 226 .856

2.734 3 226 .045

.727 3 226 .537

.727 3 223.558 .537

3.053 3 226 .029

1.081 3 226 .358

.217 3 226 .884

.217 3 206.101 .884

.972 3 226 .407

2.539 3 226 .057

1.595 3 226 .191

1.595 3 224.100 .191

2.694 3 226 .047

3.501 3 226 .016

.885 3 226 .449

.885 3 222.016 .449

3.886 3 226 .010

6.374 3 226 .000

1.890 3 226 .132

1.890 3 222.486 .132

7.139 3 226 .000

1.201 3 226 .310

.991 3 226 .398

.991 3 225.614 .398

1.289 3 226 .279

1.065 3 226 .365
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B27 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B28 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

1.065 3 226 .365

.948 3 226 .418

.948 3 225.113 .418

1.209 3 226 .307

2.513 3 226 .059

.698 3 226 .554

.698 3 222.223 .554

2.763 3 226 .043

ANOVA

Sum of 
Squares df Mean Square F Sig.

B1 Between Groups

Within Groups

Total

B2 Between Groups

Within Groups

Total

B3 Between Groups

Within Groups

Total

B4 Between Groups

Within Groups

Total

B5 Between Groups

Within Groups

Total

B6 Between Groups

Within Groups

Total

B7 Between Groups

Within Groups

Total

9.633 3 3.211 1.971 .119

368.210 226 1.629

377.843 229

6.120 3 2.040 1.885 .133

244.528 226 1.082

250.648 229

10.092 3 3.364 2.601 .053

292.273 226 1.293

302.365 229

8.988 3 2.996 1.726 .162

392.233 226 1.736

401.222 229

2.822 3 .941 1.025 .382

207.374 226 .918

210.196 229

17.649 3 5.883 4.979 .002

267.051 226 1.182

284.700 229

13.564 3 4.521 3.067 .029

333.131 226 1.474

346.696 229

7.365 3 2.455 1.829 .143
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ANOVA

Sum of 
Squares df Mean Square F Sig.

B8 Between Groups

Within Groups

Total

B9 Between Groups

Within Groups

Total

B10 Between Groups

Within Groups

Total

B11 Between Groups

Within Groups

Total

B12 Between Groups

Within Groups

Total

B13 Between Groups

Within Groups

Total

B14 Between Groups

Within Groups

Total

B15 Between Groups

Within Groups

Total

B16 Between Groups

Within Groups

Total

B17 Between Groups

Within Groups

Total

B18 Between Groups

Within Groups

Total

B19 Between Groups

Within Groups

Total

7.365 3 2.455 1.829 .143

303.422 226 1.343

310.787 229

7.327 3 2.442 2.189 .090

252.134 226 1.116

259.461 229

12.719 3 4.240 3.658 .013

261.929 226 1.159

274.648 229

6.553 3 2.184 1.692 .170

291.795 226 1.291

298.348 229

12.365 3 4.122 3.518 .016

264.783 226 1.172

277.148 229

7.301 3 2.434 1.986 .117

276.999 226 1.226

284.300 229

11.671 3 3.890 3.188 .025

275.825 226 1.220

287.496 229

3.436 3 1.145 1.094 .353

236.655 226 1.047

240.091 229

1.216 3 .405 .588 .623

155.671 226 .689

156.887 229

12.272 3 4.091 3.519 .016

262.723 226 1.162

274.996 229

2.333 3 .778 1.046 .373

167.950 226 .743

170.283 229

.542 3 .181 .466 .707

87.740 226 .388

88.283 229

.944 3 .315 .551 .648
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ANOVA

Sum of 
Squares df Mean Square F Sig.

B20 Between Groups

Within Groups

Total

B21 Between Groups

Within Groups

Total

B22 Between Groups

Within Groups

Total

B23 Between Groups

Within Groups

Total

B24 Between Groups

Within Groups

Total

B25 Between Groups

Within Groups

Total

B26 Between Groups

Within Groups

Total

B27 Between Groups

Within Groups

Total

B28 Between Groups

Within Groups

Total

.944 3 .315 .551 .648

128.987 226 .571

129.930 229

2.693 3 .898 .879 .453

230.890 226 1.022

233.583 229

3.082 3 1.027 .936 .424

247.979 226 1.097

251.061 229

8.964 3 2.988 2.316 .077

291.597 226 1.290

300.561 229

3.166 3 1.055 1.139 .334

209.378 226 .926

212.543 229

8.238 3 2.746 2.433 .066

255.049 226 1.129

263.287 229

10.280 3 3.427 2.722 .045

284.542 226 1.259

294.822 229

12.392 3 4.131 3.354 .020

278.308 226 1.231

290.700 229

2.325 3 .775 .865 .460

202.462 226 .896

204.787 229
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ONEWAY B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25 
    B26 B27 B28 BY Organisation_setup 
  /STATISTICS HOMOGENEITY 
  /MISSING ANALYSIS 
  /POSTHOC=TUKEY ALPHA(0.05).

Oneway

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

07-NOV-2020 20:27...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

User-defined missing 
values are treated as 
missing.

Statistics for each 
analysis are based on 
cases with no missing 
data for any variable in 
the analysis.

ONEWAY B1 B2 B3 B4 
B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24 B25
    B26 B27 B28 BY 
Organisation_setup
  /STATISTICS 
HOMOGENEITY
  /MISSING ANALYSIS
  /POSTHOC=TUKEY 
ALPHA(0.05).

00:00:00.23
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Notes

Resources Processor Time

Elapsed Time

00:00:00.23

00:00:00.00

Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B1 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B2 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B3 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B4 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B5 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B6 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

1.822 3 226 .144

1.704 3 226 .167

1.704 3 213.766 .167

1.506 3 226 .214

4.622 3 226 .004

1.251 3 226 .292

1.251 3 221.840 .292

5.041 3 226 .002

2.491 3 226 .061

1.562 3 226 .199

1.562 3 225.350 .199

2.599 3 226 .053

2.357 3 226 .073

1.310 3 226 .272

1.310 3 224.504 .272

2.600 3 226 .053

2.368 3 226 .072

.500 3 226 .683

.500 3 222.623 .683

2.636 3 226 .051

.216 3 226 .885

.043 3 226 .988

.043 3 225.119 .988

.192 3 226 .902

2.601 3 226 .053
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B7 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B8 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B9 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B10 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B11 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B12 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B13 Based on Mean

Based on Median

2.601 3 226 .053

1.452 3 226 .229

1.452 3 219.993 .229

2.106 3 226 .100

2.993 3 226 .032

1.398 3 226 .244

1.398 3 224.467 .244

3.074 3 226 .029

4.053 3 226 .008

.945 3 226 .420

.945 3 222.100 .420

4.531 3 226 .004

.107 3 226 .956

.094 3 226 .963

.094 3 225.276 .963

.104 3 226 .958

2.583 3 226 .054

1.334 3 226 .264

1.334 3 224.884 .264

2.793 3 226 .041

.703 3 226 .551

.601 3 226 .615

.601 3 225.704 .615

.844 3 226 .471

3.518 3 226 .016

1.750 3 226 .158

1.750 3 224.879 .158
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B13

Based on Median and 
with adjusted df

Based on trimmed mean

B14 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B15 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B16 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B17 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B18 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B19 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

1.750 3 224.879 .158

3.906 3 226 .010

1.669 3 226 .174

1.001 3 226 .393

1.001 3 223.136 .393

1.732 3 226 .161

3.470 3 226 .017

.981 3 226 .402

.981 3 223.298 .402

3.857 3 226 .010

1.115 3 226 .344

.412 3 226 .744

.412 3 221.828 .744

.412 3 226 .745

.608 3 226 .611

.395 3 226 .757

.395 3 225.830 .757

.731 3 226 .534

3.558 3 226 .015

1.215 3 226 .305

1.215 3 217.737 .305

2.600 3 226 .053

1.432 3 226 .234

1.327 3 226 .266

1.327 3 213.753 .267

2.381 3 226 .070

.249 3 226 .862
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B20 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B21 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B22 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B23 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B24 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B25 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B26 Based on Mean

Based on Median

.249 3 226 .862

.286 3 226 .836

.286 3 223.297 .836

.257 3 226 .856

2.734 3 226 .045

.727 3 226 .537

.727 3 223.558 .537

3.053 3 226 .029

1.081 3 226 .358

.217 3 226 .884

.217 3 206.101 .884

.972 3 226 .407

2.539 3 226 .057

1.595 3 226 .191

1.595 3 224.100 .191

2.694 3 226 .047

3.501 3 226 .016

.885 3 226 .449

.885 3 222.016 .449

3.886 3 226 .010

6.374 3 226 .000

1.890 3 226 .132

1.890 3 222.486 .132

7.139 3 226 .000

1.201 3 226 .310

.991 3 226 .398

.991 3 225.614 .398
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Test of Homogeneity of Variances

Levene 
Statistic df1 df2 Sig.

B26

Based on Median and 
with adjusted df

Based on trimmed mean

B27 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

B28 Based on Mean

Based on Median

Based on Median and 
with adjusted df

Based on trimmed mean

.991 3 225.614 .398

1.289 3 226 .279

1.065 3 226 .365

.948 3 226 .418

.948 3 225.113 .418

1.209 3 226 .307

2.513 3 226 .059

.698 3 226 .554

.698 3 222.223 .554

2.763 3 226 .043

ANOVA

Sum of 
Squares df Mean Square F Sig.

B1 Between Groups

Within Groups

Total

B2 Between Groups

Within Groups

Total

B3 Between Groups

Within Groups

Total

B4 Between Groups

Within Groups

Total

B5 Between Groups

Within Groups

Total

B6 Between Groups

Within Groups

Total

9.633 3 3.211 1.971 .119

368.210 226 1.629

377.843 229

6.120 3 2.040 1.885 .133

244.528 226 1.082

250.648 229

10.092 3 3.364 2.601 .053

292.273 226 1.293

302.365 229

8.988 3 2.996 1.726 .162

392.233 226 1.736

401.222 229

2.822 3 .941 1.025 .382

207.374 226 .918

210.196 229

17.649 3 5.883 4.979 .002

267.051 226 1.182

284.700 229

13.564 3 4.521 3.067 .029
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ANOVA

Sum of 
Squares df Mean Square F Sig.

B7 Between Groups

Within Groups

Total

B8 Between Groups

Within Groups

Total

B9 Between Groups

Within Groups

Total

B10 Between Groups

Within Groups

Total

B11 Between Groups

Within Groups

Total

B12 Between Groups

Within Groups

Total

B13 Between Groups

Within Groups

Total

B14 Between Groups

Within Groups

Total

B15 Between Groups

Within Groups

Total

B16 Between Groups

Within Groups

Total

B17 Between Groups

Within Groups

Total

B18 Between Groups

Within Groups

Total

13.564 3 4.521 3.067 .029

333.131 226 1.474

346.696 229

7.365 3 2.455 1.829 .143

303.422 226 1.343

310.787 229

7.327 3 2.442 2.189 .090

252.134 226 1.116

259.461 229

12.719 3 4.240 3.658 .013

261.929 226 1.159

274.648 229

6.553 3 2.184 1.692 .170

291.795 226 1.291

298.348 229

12.365 3 4.122 3.518 .016

264.783 226 1.172

277.148 229

7.301 3 2.434 1.986 .117

276.999 226 1.226

284.300 229

11.671 3 3.890 3.188 .025

275.825 226 1.220

287.496 229

3.436 3 1.145 1.094 .353

236.655 226 1.047

240.091 229

1.216 3 .405 .588 .623

155.671 226 .689

156.887 229

12.272 3 4.091 3.519 .016

262.723 226 1.162

274.996 229

2.333 3 .778 1.046 .373

167.950 226 .743

170.283 229

.542 3 .181 .466 .707
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ANOVA

Sum of 
Squares df Mean Square F Sig.

B19 Between Groups

Within Groups

Total

B20 Between Groups

Within Groups

Total

B21 Between Groups

Within Groups

Total

B22 Between Groups

Within Groups

Total

B23 Between Groups

Within Groups

Total

B24 Between Groups

Within Groups

Total

B25 Between Groups

Within Groups

Total

B26 Between Groups

Within Groups

Total

B27 Between Groups

Within Groups

Total

B28 Between Groups

Within Groups

Total

.542 3 .181 .466 .707

87.740 226 .388

88.283 229

.944 3 .315 .551 .648

128.987 226 .571

129.930 229

2.693 3 .898 .879 .453

230.890 226 1.022

233.583 229

3.082 3 1.027 .936 .424

247.979 226 1.097

251.061 229

8.964 3 2.988 2.316 .077

291.597 226 1.290

300.561 229

3.166 3 1.055 1.139 .334

209.378 226 .926

212.543 229

8.238 3 2.746 2.433 .066

255.049 226 1.129

263.287 229

10.280 3 3.427 2.722 .045

284.542 226 1.259

294.822 229

12.392 3 4.131 3.354 .020

278.308 226 1.231

290.700 229

2.325 3 .775 .865 .460

202.462 226 .896

204.787 229

Post Hoc Tests
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B1 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B2 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B3 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- .457 .198 .099

- .156 .242 .917

.031 .307 1.000

.457 .198 .099

.301 .254 .636

.488 .317 .414

.156 .242 .917

- .301 .254 .636

.187 .345 .949

- .031 .307 1.000

- .488 .317 .414

- .187 .345 .949

- .370 .161 .104

- .079 .197 .978

- .259 .250 .730

.370 .161 .104

.291 .207 .497

.111 .258 .973

.079 .197 .978

- .291 .207 .497

- .179 .282 .920

.259 .250 .730

- .111 .258 .973

.179 .282 .920

- .482 * .177 .034

- .154 .215 .892

- .337 .273 .608

.482 * .177 .034

.328 .226 .469

.145 .282 .956

.154 .215 .892

- .328 .226 .469

- .183 .308 .934

.337 .273 .608

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B1 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B2 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B3 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.099 - . 9 7 .06

.917 - . 7 8 .47

1.000 - . 7 6 .83

.099 - . 0 6 .97

.636 - . 3 6 .96

.414 - . 3 3 1.31

.917 - . 4 7 .78

.636 - . 9 6 .36

.949 - . 7 1 1.08

1.000 - . 8 3 .76

.414 -1 .31 .33

.949 -1 .08 .71

.104 - . 7 9 .05

.978 - . 5 9 .43

.730 - . 9 1 .39

.104 - . 0 5 .79

.497 - . 2 4 .83

.973 - . 5 6 .78

.978 - . 4 3 .59

.497 - . 8 3 .24

.920 - . 9 1 .55

.730 - . 3 9 .91

.973 - . 7 8 .56

.920 - . 5 5 .91

.034 - . 9 4 - . 0 2

.892 - . 7 1 .40

.608 -1 .04 .37

.034 .02 .94

.469 - . 2 6 .91

.956 - . 5 9 .87

.892 - . 4 0 .71

.469 - . 9 1 .26

.934 - . 9 8 .61

.608 - . 3 7 1.04

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B1 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B2 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B3 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.06

.47

.83

.97

.96

1.31

.78

.36

1.08

.76

.33

.71

.05

.43

.39

.79

.83

.78

.59

.24

.55

.91

.56

.91

- . 0 2

.40

.37

.94

.91

.87

.71

.26

.61

1.04

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B3

Academic Consultant

Main Contractor

Client

B4 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B5 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B6 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.337 .273 .608

- .145 .282 .956

.183 .308 .934

- .002 .204 1.000

.428 .249 .318

.486 .317 .418

.002 .204 1.000

.429 .262 .358

.488 .327 .443

- .428 .249 .318

- .429 .262 .358

.059 .357 .998

- .486 .317 .418

- .488 .327 .443

- .059 .357 .998

- .196 .149 .553

.068 .181 .982

- .218 .230 .781

.196 .149 .553

.264 .190 .510

- .022 .238 1.000

- .068 .181 .982

- .264 .190 .510

- .286 .259 .689

.218 .230 .781

.022 .238 1.000

.286 .259 .689

- .581 * .169 .004

.083 .206 .977

- .085 .261 .988

.581 * .169 .004

.665 * .216 .013

.496 .270 .257

- .083 .206 .977

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B3

Academic Consultant

Main Contractor

Client

B4 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B5 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B6 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.608 - . 3 7 1.04

.956 - . 8 7 .59

.934 - . 6 1 .98

1.000 - . 5 3 .53

.318 - . 2 2 1.07

.418 - . 3 3 1.31

1.000 - . 5 3 .53

.358 - . 2 5 1.11

.443 - . 3 6 1.33

.318 -1 .07 .22

.358 -1 .11 .25

.998 - . 8 6 .98

.418 -1 .31 .33

.443 -1 .33 .36

.998 - . 9 8 .86

.553 - . 5 8 .19

.982 - . 4 0 .54

.781 - . 8 1 .38

.553 - . 1 9 .58

.510 - . 2 3 .76

1.000 - . 6 4 .59

.982 - . 5 4 .40

.510 - . 7 6 .23

.689 - . 9 6 .39

.781 - . 3 8 .81

1.000 - . 5 9 .64

.689 - . 3 9 .96

.004 -1 .02 - . 1 4

.977 - . 4 5 .62

.988 - . 7 6 .59

.004 .14 1.02

.013 .11 1.22

.257 - . 2 0 1.19

.977 - . 6 2 .45

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B3

Academic Consultant

Main Contractor

Client

B4 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B5 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B6 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

1.04

.59

.98

.53

1.07

1.31

.53

1.11

1.33

.22

.25

.98

.33

.36

.86

.19

.54

.38

.58

.76

.59

.40

.23

.39

.81

.64

.96

- . 1 4

.62

.59

1.02

1.22

1.19

.45
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B6

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B7 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B8 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B9 Consultant Main Contractor

Client

Academic

- .083 .206 .977

- .665 * .216 .013

- .168 .294 .940

.085 .261 .988

- .496 .270 .257

.168 .294 .940

- .470 .188 .063

.007 .230 1.000

.238 .292 .847

.470 .188 .063

.478 .241 .199

.708 .301 .090

- .007 .230 1.000

- .478 .241 .199

.231 .329 .896

- .238 .292 .847

- .708 .301 .090

- .231 .329 .896

- .421 .180 .092

- .180 .219 .845

- .187 .279 .908

.421 .180 .092

.241 .230 .721

.234 .287 .847

.180 .219 .845

- .241 .230 .721

- .007 .314 1.000

.187 .279 .908

- .234 .287 .847

.007 .314 1.000

- .386 .164 .089

.019 .200 1.000

- .194 .254 .871

.386 .164 .089
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B6

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B7 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B8 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B9 Consultant Main Contractor

Client

Academic

.977 - . 6 2 .45

.013 -1 .22 - . 1 1

.940 - . 9 3 .59

.988 - . 5 9 .76

.257 -1 .19 .20

.940 - . 5 9 .93

.063 - . 9 6 .02

1.000 - . 5 9 .60

.847 - . 5 2 .99

.063 - . 0 2 .96

.199 - . 1 5 1.10

.090 - . 0 7 1.49

1.000 - . 6 0 .59

.199 -1 .10 .15

.896 - . 6 2 1.08

.847 - . 9 9 .52

.090 -1 .49 .07

.896 -1 .08 .62

.092 - . 8 9 .04

.845 - . 7 5 .39

.908 - . 9 1 .53

.092 - . 0 4 .89

.721 - . 3 5 .84

.847 - . 5 1 .98

.845 - . 3 9 .75

.721 - . 8 4 .35

1.000 - . 8 2 .80

.908 - . 5 3 .91

.847 - . 9 8 .51

1.000 - . 8 0 .82

.089 - . 8 1 .04

1.000 - . 5 0 .54

.871 - . 8 5 .46

.089 - . 0 4 .81

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B6

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B7 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B8 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B9 Consultant Main Contractor

Client

Academic

.45

- . 1 1

.59

.76

.20

.93

.02

.60

.99

.96

1.10

1.49

.59

.15

1.08

.52

.07

.62

.04

.39

.53

.89

.84

.98

.75

.35

.80

.91

.51

.82

.04

.54

.46

.81
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B9

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B10 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B11 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.386 .164 .089

.405 .210 .219

.192 .262 .883

- .019 .200 1.000

- .405 .210 .219

- .212 .286 .880

.194 .254 .871

- .192 .262 .883

.212 .286 .880

- .510 * .167 .014

.027 .204 .999

- .109 .259 .975

.510 * .167 .014

.536 .214 .062

.401 .267 .439

- .027 .204 .999

- .536 .214 .062

- .136 .291 .967

.109 .259 .975

- .401 .267 .439

.136 .291 .967

- .388 .176 .127

- .067 .215 .989

- .173 .273 .921

.388 .176 .127

.321 .226 .489

.214 .282 .872

.067 .215 .989

- .321 .226 .489

- .106 .308 .986

.173 .273 .921

- .214 .282 .872

.106 .308 .986

- .524 * .168 .011
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B9

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B10 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B11 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.089 - . 0 4 .81

.219 - . 1 4 .95

.883 - . 4 9 .87

1.000 - . 5 4 .50

.219 - . 9 5 .14

.880 - . 9 5 .53

.871 - . 4 6 .85

.883 - . 8 7 .49

.880 - . 5 3 .95

.014 - . 9 4 - . 0 8

.999 - . 5 0 .55

.975 - . 7 8 .56

.014 .08 .94

.062 - . 0 2 1.09

.439 - . 2 9 1.09

.999 - . 5 5 .50

.062 -1 .09 .02

.967 - . 8 9 .62

.975 - . 5 6 .78

.439 -1 .09 .29

.967 - . 6 2 .89

.127 - . 8 4 .07

.989 - . 6 2 .49

.921 - . 8 8 .53

.127 - . 0 7 .84

.489 - . 2 6 .91

.872 - . 5 2 .94

.989 - . 4 9 .62

.489 - . 9 1 .26

.986 - . 9 0 .69

.921 - . 5 3 .88

.872 - . 9 4 .52

.986 - . 6 9 .90

.011 - . 9 6 - . 0 9
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B9

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B10 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B11 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.81

.95

.87

.50

.14

.53

.85

.49

.95

- . 0 8

.55

.56

.94

1.09

1.09

.50

.02

.62

.78

.29

.89

.07

.49

.53

.84

.91

.94

.62

.26

.69

.88

.52

.90

- . 0 9
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B12 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B13 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B14 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- .524 * .168 .011

- .138 .205 .908

- .401 .260 .414

.524 * .168 .011

.387 .215 .277

.123 .268 .968

.138 .205 .908

- .387 .215 .277

- .264 .293 .805

.401 .260 .414

- .123 .268 .968

.264 .293 .805

- .419 .172 .073

- .185 .210 .813

- .163 .266 .928

.419 .172 .073

.234 .220 .712

.256 .275 .788

.185 .210 .813

- .234 .220 .712

.022 .300 1.000

.163 .266 .928

- .256 .275 .788

- .022 .300 1.000

- .511 * .171 .017

- .174 .209 .840

- .408 .266 .417

.511 * .171 .017

.338 .220 .417

.103 .274 .982

.174 .209 .840

- .338 .220 .417

- .234 .299 .862

.408 .266 .417
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B12 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B13 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B14 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.011 - . 9 6 - . 0 9

.908 - . 6 7 .39

.414 -1 .08 .27

.011 .09 .96

.277 - . 1 7 .94

.968 - . 5 7 .82

.908 - . 3 9 .67

.277 - . 9 4 .17

.805 -1 .02 .49

.414 - . 2 7 1.08

.968 - . 8 2 .57

.805 - . 4 9 1.02

.073 - . 8 6 .03

.813 - . 7 3 .36

.928 - . 8 5 .53

.073 - . 0 3 .86

.712 - . 3 4 .80

.788 - . 4 5 .97

.813 - . 3 6 .73

.712 - . 8 0 .34

1.000 - . 7 5 .80

.928 - . 5 3 .85

.788 - . 9 7 .45

1.000 - . 8 0 .75

.017 - . 9 6 - . 0 7

.840 - . 7 2 .37

.417 -1 .10 .28

.017 .07 .96

.417 - . 2 3 .91

.982 - . 6 1 .81

.840 - . 3 7 .72

.417 - . 9 1 .23

.862 -1 .01 .54

.417 - . 2 8 1.10
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B12 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B13 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B14 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- . 0 9

.39

.27

.96

.94

.82

.67

.17

.49

1.08

.57

1.02

.03

.36

.53

.86

.80

.97

.73

.34

.80

.85

.45

.75

- . 0 7

.37

.28

.96

.91

.81

.72

.23

.54

1.10
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B14

Academic Consultant

Main Contractor

Client

B15 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B16 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B17 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.408 .266 .417

- .103 .274 .982

.234 .299 .862

- .270 .159 .325

- .008 .194 1.000

- .139 .246 .942

.270 .159 .325

.263 .203 .569

.131 .254 .955

.008 .194 1.000

- .263 .203 .569

- .132 .277 .964

.139 .246 .942

- .131 .254 .955

.132 .277 .964

- .120 .129 .790

.088 .157 .944

.003 .200 1.000

.120 .129 .790

.207 .165 .592

.123 .206 .933

- .088 .157 .944

- .207 .165 .592

- .084 .225 .982

- .003 .200 1.000

- .123 .206 .933

.084 .225 .982

- .517 * .167 .012

- .030 .204 .999

- .231 .259 .809

.517 * .167 .012

.487 .214 .108

.286 .267 .709

.030 .204 .999
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B14

Academic Consultant

Main Contractor

Client

B15 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B16 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B17 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.417 - . 2 8 1.10

.982 - . 8 1 .61

.862 - . 5 4 1.01

.325 - . 6 8 .14

1.000 - . 5 1 .49

.942 - . 7 8 .50

.325 - . 1 4 .68

.569 - . 2 6 .79

.955 - . 5 3 .79

1.000 - . 4 9 .51

.569 - . 7 9 .26

.964 - . 8 5 .59

.942 - . 5 0 .78

.955 - . 7 9 .53

.964 - . 5 9 .85

.790 - . 4 5 .21

.944 - . 3 2 .49

1.000 - . 5 1 .52

.790 - . 2 1 .45

.592 - . 2 2 .63

.933 - . 4 1 .66

.944 - . 4 9 .32

.592 - . 6 3 .22

.982 - . 6 7 .50

1.000 - . 5 2 .51

.933 - . 6 6 .41

.982 - . 5 0 .67

.012 - . 9 5 - . 0 8

.999 - . 5 6 .50

.809 - . 9 0 .44

.012 .08 .95

.108 - . 0 7 1.04

.709 - . 4 1 .98

.999 - . 5 0 .56
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B14

Academic Consultant

Main Contractor

Client

B15 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B16 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B17 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

1.10

.61

1.01

.14

.49

.50

.68

.79

.79

.51

.26

.59

.78

.53

.85

.21

.49

.52

.45

.63

.66

.32

.22

.50

.51

.41

.67

- . 0 8

.50

.44

.95

1.04

.98

.56
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B17

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B18 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B19 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B20 Consultant Main Contractor

Client

Academic

.030 .204 .999

- .487 .214 .108

- .201 .292 .901

.231 .259 .809

- .286 .267 .709

.201 .292 .901

- .211 .134 .392

.021 .163 .999

- .136 .207 .913

.211 .134 .392

.233 .171 .527

.075 .214 .985

- .021 .163 .999

- .233 .171 .527

- .158 .233 .906

.136 .207 .913

- .075 .214 .985

.158 .233 .906

.111 .097 .658

.050 .118 .974

.010 .150 1.000

- .111 .097 .658

- .061 .124 .961

- .101 .155 .914

- .050 .118 .974

.061 .124 .961

- .040 .169 .995

- .010 .150 1.000

.101 .155 .914

.040 .169 .995

- .053 .117 .970

.108 .143 .876

.126 .182 .900

.053 .117 .970
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B17

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B18 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B19 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B20 Consultant Main Contractor

Client

Academic

.999 - . 5 0 .56

.108 -1 .04 .07

.901 - . 9 6 .55

.809 - . 4 4 .90

.709 - . 9 8 .41

.901 - . 5 5 .96

.392 - . 5 6 .13

.999 - . 4 0 .44

.913 - . 6 7 .40

.392 - . 1 3 .56

.527 - . 2 1 .68

.985 - . 4 8 .63

.999 - . 4 4 .40

.527 - . 6 8 .21

.906 - . 7 6 .45

.913 - . 4 0 .67

.985 - . 6 3 .48

.906 - . 4 5 .76

.658 - . 1 4 .36

.974 - . 2 5 .36

1.000 - . 3 8 .40

.658 - . 3 6 .14

.961 - . 3 8 .26

.914 - . 5 0 .30

.974 - . 3 6 .25

.961 - . 2 6 .38

.995 - . 4 8 .40

1.000 - . 4 0 .38

.914 - . 3 0 .50

.995 - . 4 0 .48

.970 - . 3 6 .25

.876 - . 2 6 .48

.900 - . 3 4 .60

.970 - . 2 5 .36
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B17

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B18 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B19 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B20 Consultant Main Contractor

Client

Academic

.56

.07

.55

.90

.41

.96

.13

.44

.40

.56

.68

.63

.40

.21

.45

.67

.48

.76

.36

.36

.40

.14

.26

.30

.25

.38

.40

.38

.50

.48

.25

.48

.60

.36
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B20

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B21 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B22 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.053 .117 .970

.160 .150 .710

.179 .187 .776

- .108 .143 .876

- .160 .150 .710

.018 .204 1.000

- .126 .182 .900

- .179 .187 .776

- .018 .204 1.000

- .219 .157 .502

.043 .191 .996

.007 .243 1.000

.219 .157 .502

.263 .201 .559

.226 .251 .804

- .043 .191 .996

- .263 .201 .559

- .037 .274 .999

- .007 .243 1.000

- .226 .251 .804

.037 .274 .999

- .050 .163 .990

.165 .198 .838

.327 .252 .566

.050 .163 .990

.216 .208 .728

.377 .260 .469

- .165 .198 .838

- .216 .208 .728

.161 .284 .941

- .327 .252 .566

- .377 .260 .469

- .161 .284 .941

- .458 * .176 .049

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B20

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B21 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B22 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.970 - . 2 5 .36

.710 - . 2 3 .55

.776 - . 3 1 .66

.876 - . 4 8 .26

.710 - . 5 5 .23

1.000 - . 5 1 .55

.900 - . 6 0 .34

.776 - . 6 6 .31

1.000 - . 5 5 .51

.502 - . 6 3 .19

.996 - . 4 5 .54

1.000 - . 6 2 .64

.502 - . 1 9 .63

.559 - . 2 6 .78

.804 - . 4 2 .88

.996 - . 5 4 .45

.559 - . 7 8 .26

.999 - . 7 4 .67

1.000 - . 6 4 .62

.804 - . 8 8 .42

.999 - . 6 7 .74

.990 - . 4 7 .37

.838 - . 3 5 .68

.566 - . 3 3 .98

.990 - . 3 7 .47

.728 - . 3 2 .75

.469 - . 3 0 1.05

.838 - . 6 8 .35

.728 - . 7 5 .32

.941 - . 5 7 .89

.566 - . 9 8 .33

.469 -1 .05 .30

.941 - . 8 9 .57

.049 - . 9 1 .00

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B20

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B21 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B22 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.36

.55

.66

.26

.23

.55

.34

.31

.51

.19

.54

.64

.63

.78

.88

.45

.26

.67

.62

.42

.74

.37

.68

.98

.47

.75

1.05

.35

.32

.89

.33

.30

.57

.00

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B23 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B24 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B25 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- .458 * .176 .049

- .256 .215 .632

- .286 .273 .723

.458 * .176 .049

.202 .226 .808

.173 .282 .928

.256 .215 .632

- .202 .226 .808

- .029 .307 1.000

.286 .273 .723

- .173 .282 .928

.029 .307 1.000

- .245 .149 .358

.012 .182 1.000

.031 .231 .999

.245 .149 .358

.257 .191 .535

.276 .239 .656

- .012 .182 1.000

- .257 .191 .535

.018 .261 1.000

- .031 .231 .999

- .276 .239 .656

- .018 .261 1.000

- .440 * .165 .040

- .166 .201 .843

- .085 .255 .987

.440 * .165 .040

.275 .211 .564

.355 .263 .533

.166 .201 .843

- .275 .211 .564

.081 .288 .992

.085 .255 .987

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B23 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B24 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B25 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.049 - . 9 1 .00

.632 - . 8 1 .30

.723 - . 9 9 .42

.049 .00 .91

.808 - . 3 8 .79

.928 - . 5 6 .90

.632 - . 3 0 .81

.808 - . 7 9 .38

1.000 - . 8 3 .77

.723 - . 4 2 .99

.928 - . 9 0 .56

1.000 - . 7 7 .83

.358 - . 6 3 .14

1.000 - . 4 6 .48

.999 - . 5 7 .63

.358 - . 1 4 .63

.535 - . 2 4 .75

.656 - . 3 4 .89

1.000 - . 4 8 .46

.535 - . 7 5 .24

1.000 - . 6 6 .69

.999 - . 6 3 .57

.656 - . 8 9 .34

1.000 - . 6 9 .66

.040 - . 8 7 - . 0 1

.843 - . 6 9 .35

.987 - . 7 5 .58

.040 .01 .87

.564 - . 2 7 .82

.533 - . 3 3 1.04

.843 - . 3 5 .69

.564 - . 8 2 .27

.992 - . 6 6 .82

.987 - . 5 8 .75

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B23 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B24 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B25 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.00

.30

.42

.91

.79

.90

.81

.38

.77

.99

.56

.83

.14

.48

.63

.63

.75

.89

.46

.24

.69

.57

.34

.66

- . 0 1

.35

.58

.87

.82

1.04

.69

.27

.82

.75

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B25

Academic Consultant

Main Contractor

Client

B26 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B27 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B28 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.085 .255 .987

- .355 .263 .533

- .081 .288 .992

- .484 * .174 .030

- .184 .212 .822

- .367 .270 .525

.484 * .174 .030

.300 .223 .535

.117 .278 .975

.184 .212 .822

- .300 .223 .535

- .183 .304 .931

.367 .270 .525

- .117 .278 .975

.183 .304 .931

- .511 * .172 .017

- .122 .210 .937

- .456 .267 .322

.511 * .172 .017

.389 .221 .294

.056 .275 .997

.122 .210 .937

- .389 .221 .294

- .333 .300 .684

.456 .267 .322

- .056 .275 .997

.333 .300 .684

- .168 .147 .663

.017 .179 1.000

.163 .228 .890

.168 .147 .663

.185 .188 .760

.331 .235 .493

- .017 .179 1.000

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B25

Academic Consultant

Main Contractor

Client

B26 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B27 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B28 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.987 - . 5 8 .75

.533 -1 .04 .33

.992 - . 8 2 .66

.030 - . 9 4 - . 0 3

.822 - . 7 3 .37

.525 -1 .07 .33

.030 .03 .94

.535 - . 2 8 .88

.975 - . 6 0 .84

.822 - . 3 7 .73

.535 - . 8 8 .28

.931 - . 9 7 .60

.525 - . 3 3 1.07

.975 - . 8 4 .60

.931 - . 6 0 .97

.017 - . 9 6 - . 0 7

.937 - . 6 7 .42

.322 -1 .15 .23

.017 .07 .96

.294 - . 1 8 .96

.997 - . 6 6 .77

.937 - . 4 2 .67

.294 - . 9 6 .18

.684 -1 .11 .44

.322 - . 2 3 1.15

.997 - . 7 7 .66

.684 - . 4 4 1.11

.663 - . 5 5 .21

1.000 - . 4 5 .48

.890 - . 4 3 .75

.663 - . 2 1 .55

.760 - . 3 0 .67

.493 - . 2 8 .94

1.000 - . 4 8 .45

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B25

Academic Consultant

Main Contractor

Client

B26 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B27 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

B28 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.75

.33

.66

- . 0 3

.37

.33

.94

.88

.84

.73

.28

.60

1.07

.60

.97

- . 0 7

.42

.23

.96

.96

.77

.67

.18

.44

1.15

.66

1.11

.21

.48

.75

.55

.67

.94

.45

Tukey HSD

Tukey HSD
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Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

B28

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

- .017 .179 1.000

- .185 .188 .760

.147 .256 .940

- .163 .228 .890

- .331 .235 .493

- .147 .256 .940

Tukey HSD

Tukey HSD

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

B28

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

1.000 - . 4 8 .45

.760 - . 6 7 .30

.940 - . 5 2 .81

.890 - . 7 5 .43

.493 - . 9 4 .28

.940 - . 8 1 .52

Tukey HSD

Tukey HSD

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

B28

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.45

.30

.81

.43

.28

.52

Tukey HSD

Tukey HSD

The mean difference is significant at the 0.05 level.*. 

Homogeneous Subsets
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B1

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Consultant

Client

Main Contractor

Sig.

2 1 4.43

9 8 4.46

3 9 4.62

7 2 4.92

.309

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B2

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 5.41

3 9 5.49

2 1 5.67

7 2 5.78

.375

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B3

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 4.95

3 9 5.10

2 1 5.29

7 2 5.43

.223

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B4

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

2 1 4.10

3 9 4.15

9 8 4.58

7 2 4.58

.337

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B5

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Main Contractor

Academic

Sig.

3 9 5.67

9 8 5.73

7 2 5.93

2 1 5.95

.531

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B6

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for alpha = 0.05

1 2

Client

Consultant

Academic

Main Contractor

Sig.

3 9 4.64

9 8 4.72 4.72

2 1 4.81 4.81

7 2 5.31

.896 .076

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B7

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for alpha = 0.05

1 2

Academic

Client

Consultant

Main Contractor

Sig.

2 1 4.33

3 9 4.56 4.56

9 8 4.57 4.57

7 2 5.04

.811 .284

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B8

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 5.05

3 9 5.23

2 1 5.24

7 2 5.47

.354

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B9

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Academic

Main Contractor

Sig.

3 9 5.36

9 8 5.38

2 1 5.57

7 2 5.76

.307

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B10

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Academic

Main Contractor

Sig.

3 9 4.77

9 8 4.80

2 1 4.90

7 2 5.31

.111

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B11

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 5.11

3 9 5.18

2 1 5.29

7 2 5.50

.411

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B12

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 4.84

3 9 4.97

2 1 5.24

7 2 5.36

.128

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B13

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Academic

Client

Main Contractor

Sig.

9 8 5.12

2 1 5.29

3 9 5.31

7 2 5.54

.318

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B14

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 4.88

3 9 5.05

2 1 5.29

7 2 5.39

.157

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B15

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 5.48

3 9 5.49

2 1 5.62

7 2 5.75

.629

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B16

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Consultant

Main Contractor

Sig.

3 9 5.82

2 1 5.90

9 8 5.91

7 2 6.03

.670

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B17

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 4.82

3 9 4.85

2 1 5.05

7 2 5.33

.134

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B18

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Academic

Main Contractor

Sig.

3 9 5.79

9 8 5.82

2 1 5.95

7 2 6.03

.612

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

Page 48



B19

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Main Contractor

Client

Academic

Consultant

Sig.

7 2 6.04

3 9 6.10

2 1 6.14

9 8 6.15

.850

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B20

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

2 1 5.90

3 9 5.92

9 8 6.03

7 2 6.08

.707

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B21

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Consultant

Main Contractor

Sig.

3 9 5.49

2 1 5.52

9 8 5.53

7 2 5.75

.641

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B22

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

2 1 5.43

3 9 5.59

9 8 5.76

7 2 5.81

.363

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B23

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 5.00

3 9 5.26

2 1 5.29

7 2 5.46

.262

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B24

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

2 1 5.57

3 9 5.59

9 8 5.60

7 2 5.85

.565

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B25

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Academic

Client

Main Contractor

Sig.

9 8 5.30

2 1 5.38

3 9 5.46

7 2 5.74

.240

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B26

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 4.92

3 9 5.10

2 1 5.29

7 2 5.40

.208

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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B27

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

9 8 4.88

3 9 5.00

2 1 5.33

7 2 5.39

.160

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

B28

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

2 1 5.57

3 9 5.72

9 8 5.73

7 2 5.90

.388

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 41.088.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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  FACTOR 
  /VARIABLES B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B1
9 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 
  /MISSING LISTWISE 
  /ANALYSIS B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19
 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:11...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B1 B2 B3 
B4 B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24
    B25 B26 B27 B28
  /MISSING LISTWISE
  /ANALYSIS B1 B2 B3 
B4 B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24
    B25 B26 B27 B28
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.02

00:00:00.00

92384 (90.219K) bytes

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.926

9304.945

378

.000
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Communalities

Initial Extraction

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

1.000 .752

1.000 .875

1.000 .892

1.000 .769

1.000 .875

1.000 .894

1.000 .723

1.000 .905

1.000 .866

1.000 .868

1.000 .873

1.000 .913

1.000 .873

1.000 .919

1.000 .823

1.000 .860

1.000 .900

1.000 .859

1.000 .801

1.000 .872

1.000 .832

1.000 .748

1.000 .906

1.000 .872

1.000 .862

1.000 .927

1.000 .913

1.000 .874

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

5

6

7

8

9

1 0

1 1

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 9

2 0

2 1

2 2

2 3

2 4

2 5

2 6

2 7

2 8

13.724 49.015 49.015 13.724 49.015 49.015

5.335 19.055 68.070 5.335 19.055 68.070

2.003 7.154 75.224 2.003 7.154 75.224

1.343 4.798 80.022 1.343 4.798 80.022

.989 3.531 83.553 .989 3.531 83.553

.652 2.329 85.882 .652 2.329 85.882

.635 2.267 88.149

.488 1.744 89.893

.466 1.664 91.557

.332 1.185 92.742

.305 1.090 93.833

.251 .896 94.729

.208 .744 95.473

.190 .680 96.153

.161 .574 96.726

.135 .483 97.209

.125 .448 97.657

.108 .387 98.044

.104 .370 98.414

.082 .294 98.708

.077 .274 98.982

.062 .223 99.205

.059 .212 99.417

.053 .189 99.606

.039 .141 99.747

.029 .103 99.850

.025 .088 99.938

.017 .062 100.000

Extraction Method: Principal Component Analysis.
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Component Matrix a

Component

1 2 3 4 5 6

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

.548 - .290 .378 .276 .221 - .316

.749 .280 - .333 .223 .274 .017

.847 - .317 - .101 - .196 - .155 .039

.400 - .273 .307 .396 .202 .492

.475 .738 .133 .065 - .246 - .152

.750 - .391 .366 .165 .074 - .107

.612 - .325 .340 .267 .107 - .209

.846 - .262 - .213 - .265 - .059 - .035

.740 .202 - .342 .112 .375 - .086

.788 - .375 .313 .076 .029 - .045

.842 - .166 - .255 - .259 .030 - .051

.861 - .339 .171 - .001 - .138 .090

.828 - .132 - .333 - .204 .111 - .071

.874 - .318 .039 - .118 - .175 .088

.726 .395 - .268 .212 .053 .141

.362 .678 .432 - .244 .125 - .090

.841 - .365 .220 .055 - .087 .033

.440 .734 .243 - .097 - .126 - .206

.221 .509 .334 - .462 .318 .259

.366 .620 .422 - .336 .237 .076

.695 .488 - .201 .236 - .055 .107

.488 .639 .034 .165 - .241 .125

.847 - .270 - .199 - .267 - .062 - .037

.626 .622 - .107 .236 - .157 .024

.764 .135 - .378 .027 .332 - .080

.885 - .292 .002 - .159 - .166 .078

.866 - .324 .142 - .050 - .163 .096

.590 .662 - .007 .162 - .247 - .026

Extraction Method: Principal Component Analysis.

6 components extracted.a. 
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  FACTOR 
  /VARIABLES B1 B3 B14 B16 B21 
  /MISSING LISTWISE 
  /ANALYSIS B1 B3 B14 B16 B21 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:15...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B1 B3 
B14 B16 B21
  /MISSING LISTWISE
  /ANALYSIS B1 B3 B14 
B16 B21
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.01

00:00:00.00

4248 (4.148K) bytes

Warnings

An invalid number of factors has been specified for the 
FACTORS keyword on the CRITERIA subcommand. The 
number must be less than or equal to the number of 
variables being factor-analyzed. It will be determined by 
default method or by the other criteria specified. Text 
found: 6

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.653

528.782

1 0

.000

Communalities

Initial Extraction

B1

B3

B14

B16

B21

1.000 .467

1.000 .863

1.000 .892

1.000 .837

1.000 .693

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

5

2.602 52.039 52.039 2.602 52.039 52.039

1.149 22.982 75.020 1.149 22.982 75.020

.691 13.813 88.833

.455 9.107 97.940

.103 2.060 100.000

Extraction Method: Principal Component Analysis.

Component Matrix a

Component

1 2

B1

B3

B14

B16

B21

.655 - .195

.879 - .300

.909 - .257

.350 .845

.672 .490

Extraction Method: Principal 
Component Analysis.

2 components extracted.a. 
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  FACTOR 
  /VARIABLES B15 B25 B26 B28 
  /MISSING LISTWISE 
  /ANALYSIS B15 B25 B26 B28 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:24...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B15 B25 
B26 B28
  /MISSING LISTWISE
  /ANALYSIS B15 B25 
B26 B28
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.01

00:00:00.00

3008 (2.938K) bytes

Warnings

An invalid number of factors has been specified for the 
FACTORS keyword on the CRITERIA subcommand. The 
number must be less than or equal to the number of 
variables being factor-analyzed. It will be determined by 
default method or by the other criteria specified. Text 
found: 6

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.745

372.869

6

.000

Communalities

Initial Extraction

B15

B25

B26

B28

1.000 .795

1.000 .726

1.000 .539

1.000 .577

Extraction Method: Principal 
Component Analysis.

Page 2



Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

2.636 65.895 65.895 2.636 65.895 65.895

.707 17.668 83.563

.395 9.864 93.427

.263 6.573 100.000

Extraction Method: Principal Component Analysis.

Component 
Matrixa

Component

1

B15

B25

B26

B28

.891

.852

.734

.760

Extraction Method: 
Principal 
Component 
Analysis.

1 components extracted.a. 
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  FACTOR 
  /VARIABLES B15 B25 B26 B28 
  /MISSING LISTWISE 
  /ANALYSIS B15 B25 B26 B28 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:24...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B15 B25 
B26 B28
  /MISSING LISTWISE
  /ANALYSIS B15 B25 
B26 B28
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.01

00:00:00.00

3008 (2.938K) bytes

Warnings

An invalid number of factors has been specified for the 
FACTORS keyword on the CRITERIA subcommand. The 
number must be less than or equal to the number of 
variables being factor-analyzed. It will be determined by 
default method or by the other criteria specified. Text 
found: 6

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.745

372.869

6

.000

Communalities

Initial Extraction

B15

B25

B26

B28

1.000 .795

1.000 .726

1.000 .539

1.000 .577

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

2.636 65.895 65.895 2.636 65.895 65.895

.707 17.668 83.563

.395 9.864 93.427

.263 6.573 100.000

Extraction Method: Principal Component Analysis.

Component 
Matrixa

Component

1

B15

B25

B26

B28

.891

.852

.734

.760

Extraction Method: 
Principal 
Component 
Analysis.

1 components extracted.a. 

     

  FACTOR 
  /VARIABLES B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B1
9 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 
  /MISSING LISTWISE 
  /ANALYSIS B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19
 B20 B21 B22 B23 B24 
    B25 B26 B27 B28 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis
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Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

08-NOV-2020 20:26...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.

FACTOR
  /VARIABLES B1 B2 B3 
B4 B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24
    B25 B26 B27 B28
  /MISSING LISTWISE
  /ANALYSIS B1 B2 B3 
B4 B5 B6 B7 B8 B9 B10 
B11 B12 B13 B14 B15 
B16 B17 B18 B19 B20 
B21 B22 B23 B24
    B25 B26 B27 B28
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.02
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Notes

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

00:00:00.02

00:00:00.00

92384 (90.219K) bytes

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.926

9304.945

378

.000

Communalities

Initial Extraction

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

1.000 .752

1.000 .875

1.000 .892

1.000 .769

1.000 .875

1.000 .894

1.000 .723

1.000 .905

1.000 .866

1.000 .868

1.000 .873

1.000 .913

1.000 .873

1.000 .919

1.000 .823

1.000 .860

1.000 .900

1.000 .859

1.000 .801

1.000 .872

1.000 .832

1.000 .748

1.000 .906

1.000 .872
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Communalities

Initial Extraction

B24

B25

B26

B27

B28

1.000 .872

1.000 .862

1.000 .927

1.000 .913

1.000 .874

Extraction Method: Principal 
Component Analysis.

Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

5

6

7

8

9

1 0

1 1

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 9

2 0

2 1

2 2

2 3

2 4

2 5

13.724 49.015 49.015 13.724 49.015 49.015

5.335 19.055 68.070 5.335 19.055 68.070

2.003 7.154 75.224 2.003 7.154 75.224

1.343 4.798 80.022 1.343 4.798 80.022

.989 3.531 83.553 .989 3.531 83.553

.652 2.329 85.882 .652 2.329 85.882

.635 2.267 88.149

.488 1.744 89.893

.466 1.664 91.557

.332 1.185 92.742

.305 1.090 93.833

.251 .896 94.729

.208 .744 95.473

.190 .680 96.153

.161 .574 96.726

.135 .483 97.209

.125 .448 97.657

.108 .387 98.044

.104 .370 98.414

.082 .294 98.708

.077 .274 98.982

.062 .223 99.205

.059 .212 99.417

.053 .189 99.606

.039 .141 99.747

.029 .103 99.850
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

2 6

2 7

2 8

.029 .103 99.850

.025 .088 99.938

.017 .062 100.000

Extraction Method: Principal Component Analysis.

Component Matrix a

Component

1 2 3 4 5 6

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

B28

.548 - .290 .378 .276 .221 - .316

.749 .280 - .333 .223 .274 .017

.847 - .317 - .101 - .196 - .155 .039

.400 - .273 .307 .396 .202 .492

.475 .738 .133 .065 - .246 - .152

.750 - .391 .366 .165 .074 - .107

.612 - .325 .340 .267 .107 - .209

.846 - .262 - .213 - .265 - .059 - .035

.740 .202 - .342 .112 .375 - .086

.788 - .375 .313 .076 .029 - .045

.842 - .166 - .255 - .259 .030 - .051

.861 - .339 .171 - .001 - .138 .090

.828 - .132 - .333 - .204 .111 - .071

.874 - .318 .039 - .118 - .175 .088

.726 .395 - .268 .212 .053 .141

.362 .678 .432 - .244 .125 - .090

.841 - .365 .220 .055 - .087 .033

.440 .734 .243 - .097 - .126 - .206

.221 .509 .334 - .462 .318 .259

.366 .620 .422 - .336 .237 .076

.695 .488 - .201 .236 - .055 .107

.488 .639 .034 .165 - .241 .125

.847 - .270 - .199 - .267 - .062 - .037

.626 .622 - .107 .236 - .157 .024

.764 .135 - .378 .027 .332 - .080

.885 - .292 .002 - .159 - .166 .078

.866 - .324 .142 - .050 - .163 .096

.590 .662 - .007 .162 - .247 - .026
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Extraction Method: Principal Component Analysis.

6 components extracted.a. 

     

  FACTOR 
  /VARIABLES B2 B7 B10 B19 B23 B27 
  /MISSING LISTWISE 
  /ANALYSIS B2 B7 B10 B19 B23 B27 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:29...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B2 B7 
B10 B19 B23 B27
  /MISSING LISTWISE
  /ANALYSIS B2 B7 B10 
B19 B23 B27
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.01

00:00:00.00

5704 (5.570K) bytes

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.806

714.675

1 5

.000

Communalities

Initial Extraction

B2

B7

B10

B19

B23

B27

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

5

6

3.382 56.373 56.373 3.382 56.373 56.373

1.057 17.617 73.990 1.057 17.617 73.990

.701 11.687 85.676 .701 11.687 85.676

.454 7.564 93.240 .454 7.564 93.240

.265 4.413 97.652 .265 4.413 97.652

.141 2.348 100.000 .141 2.348 100.000

Extraction Method: Principal Component Analysis.

Component Matrix a

Component

1 2 3 4 5 6

B2

B7

B10

B19

B23

B27

.649 .357 - .564 .358 - .069 - .002

.758 - .229 .404 .398 .222 - .040

.897 - .135 .202 - .045 - .288 .228

.135 .924 .353 - .061 .023 - .001

.848 .012 - .231 - .338 .322 .098

.919 - .079 .029 - .216 - .154 - .279

Extraction Method: Principal Component Analysis.

6 components extracted.a. 
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  FACTOR 
  /VARIABLES B2 B7 B10 B19 B23 B27 
  /MISSING LISTWISE 
  /ANALYSIS B2 B7 B10 B19 B23 B27 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:31...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B2 B7 
B10 B19 B23 B27
  /MISSING LISTWISE
  /ANALYSIS B2 B7 B10 
B19 B23 B27
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.02

00:00:00.00

5704 (5.570K) bytes

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.806

714.675

1 5

.000

Communalities

Initial Extraction

B2

B7

B10

B19

B23

B27

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

5

6

3.382 56.373 56.373 3.382 56.373 56.373

1.057 17.617 73.990 1.057 17.617 73.990

.701 11.687 85.676 .701 11.687 85.676

.454 7.564 93.240 .454 7.564 93.240

.265 4.413 97.652 .265 4.413 97.652

.141 2.348 100.000 .141 2.348 100.000

Extraction Method: Principal Component Analysis.

Component Matrix a

Component

1 2 3 4 5 6

B2

B7

B10

B19

B23

B27

.649 .357 - .564 .358 - .069 - .002

.758 - .229 .404 .398 .222 - .040

.897 - .135 .202 - .045 - .288 .228

.135 .924 .353 - .061 .023 - .001

.848 .012 - .231 - .338 .322 .098

.919 - .079 .029 - .216 - .154 - .279

Extraction Method: Principal Component Analysis.

6 components extracted.a. 
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  FACTOR 
  /VARIABLES B8 B9 B13 B24 
  /MISSING LISTWISE 
  /ANALYSIS B8 B9 B13 B24 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:32...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B8 B9 
B13 B24
  /MISSING LISTWISE
  /ANALYSIS B8 B9 B13 
B24
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.01

00:00:00.00

3008 (2.938K) bytes

Warnings

An invalid number of factors has been specified for the 
FACTORS keyword on the CRITERIA subcommand. The 
number must be less than or equal to the number of 
variables being factor-analyzed. It will be determined by 
default method or by the other criteria specified. Text 
found: 6

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.692

528.058

6

.000

Communalities

Initial Extraction

B8

B9

B13

B24

1.000 .739

1.000 .729

1.000 .834

1.000 .441

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

2.743 68.580 68.580 2.743 68.580 68.580

.772 19.289 87.868

.356 8.895 96.763

.129 3.237 100.000

Extraction Method: Principal Component Analysis.

Component 
Matrixa

Component

1

B8

B9

B13

B24

.859

.854

.913

.664

Extraction Method: 
Principal 
Component 
Analysis.

1 components extracted.a. 
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  FACTOR 
  /VARIABLES B4 B5 B12 B17 B18 B22 
  /MISSING LISTWISE 
  /ANALYSIS B4 B5 B12 B17 B18 B22 
  /PRINT INITIAL KMO EXTRACTION 
  /CRITERIA FACTORS(6) ITERATE(28) 
  /EXTRACTION PC 
  /ROTATION NOROTATE 
  /METHOD=CORRELATION.

Factor Analysis

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

08-NOV-2020 20:34...

/Users/user/Desktop/U
oB-ME PhD 
Papers/006-XXX-BIM 
Lean CBFs 
Survey/SPSS26 BIM Lean 
CBFs Survey/Barriers 
integrating LeanBIM 
survey.sav

DataSet1

<none>

<none>

<none>

230

MISSING=EXCLUDE: 
User-defined missing 
values are treated as 
missing.

LISTWISE: Statistics are 
based on cases with no 
missing values for any 
variable used.
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Notes

Syntax

Resources Processor Time

Elapsed Time

Maximum Memory 
Required

FACTOR
  /VARIABLES B4 B5 
B12 B17 B18 B22
  /MISSING LISTWISE
  /ANALYSIS B4 B5 B12 
B17 B18 B22
  /PRINT INITIAL KMO 
EXTRACTION
  /CRITERIA FACTORS
(6) ITERATE(28)
  /EXTRACTION PC
  /ROTATION 
NOROTATE
  
/METHOD=CORRELATIO
N.

00:00:00.01

00:00:00.00

5704 (5.570K) bytes

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of 
Sphericity

Approx. Chi-Square

df

Sig.

.660

1095.539

1 5

.000

Communalities

Initial Extraction

B4

B5

B12

B17

B18

B22

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

1.000 1.000

Extraction Method: Principal 
Component Analysis.
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Total Variance Explained

Component

Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1

2

3

4

5

6

2.859 47.656 47.656 2.859 47.656 47.656

1.954 32.572 80.228 1.954 32.572 80.228

.675 11.244 91.472 .675 11.244 91.472

.340 5.663 97.135 .340 5.663 97.135

.121 2.019 99.154 .121 2.019 99.154

.051 .846 100.000 .051 .846 100.000

Extraction Method: Principal Component Analysis.

Component Matrix a

Component

1 2 3 4 5 6

B4

B5

B12

B17

B18

B22

.365 .599 .705 .107 - .001 - .001

.803 - .520 .019 .110 - .270 - .003

.679 .661 - .276 - .013 .006 - .160

.660 .681 - .276 - .007 - .007 .159

.758 - .526 - .034 .323 .205 .004

.781 - .384 .156 - .460 .079 .004

Extraction Method: Principal Component Analysis.

6 components extracted.a. 
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Appendix F: Competency framework to integrate LC and IPD, and KDs 

Appendix F consists of following part(s): - 

Part F1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire  

Part F2: Survey questionnaire (Google Forms) 

Part F3: Statistical analysis using IBM® SPSS® Statistics Version 27 for 

MacOS 
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Part F1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire 
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Part F2: A Delphi study questionnaire (Google Forms) 
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Page 1 of 14https://docs.google.com/forms/d/1CZdEjkNEQg1ixj9ek78JCJ9rR1eDS0Q0EmMkhFIBv-8/prefill

1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

Key drivers to integrating lean
construction and integrated project
delivery (IPD) on construction mega-
projects towards future of work (FOW)
global initiatives in multinational
engineering organisations
There are three sections of the questionnaire 

* Required
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(1) Consultants (i.e. Designer, Architect, Supervision, Project Management)

(2) Main Contractors (including subcontractors, trade contractors)

(3) Clients (i.e. Governmental, semi-governmental, real estate developers, municipal)

(4) Academics

Other:

(1) Senior Management ( i.e. Director Program Manager)

(2) Manager (i.e. Department, Project, Construction)

(3) Senior Level Resident Engineer/Client Consultant

(4) Mid Level (Engineering)

(5) Junior Level (Engineering)

1.1 Organisation set-up *
How do you describe the category of your current organisation?

1.2 Career level *
How do you classify the level of your current role in your organisation?
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(1) Mega-project(s) ( > 1Billion USD)

(2) Large-scale project(s) (>500 Million to 1 Billion)

(3) Medium-scale project(s) (>100 M to 500 M)

(4) Small-scale project(s) (>50 M to 100 M)

(5) Research or project(s) < 50 M

(1) More than 20 years

(2) 16-20 years

(3) 11-15 years

(4) 5-10 years

(5) Less than 5 years

1. General professional questions

There are 9 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

1.3 Size of current project(s) *
Please select the appropriate scale of your largest current project

1.4 Experience in the construction industry *
Please select the appropriate band of your years of experience in the construction industry
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(1) Infrastructure

(2) Metro/LRT

(3) Building

(4) Industrial

Other:

(1) Lump Sum Contracts

(2) Measurement Contracts

(3) Cost Reimbursed Contracts

(4) Design and Build (DB) Contracts

Other:

1.5 Type of project(s) *
Please select the type of your largest current project from the list below

1.6 Type of contract *
Please select the type of contract of your largest current project from the list below
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(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

1.7 Awareness of BIM *
What is your level of knowledge of BIM?

1.8 Knowledge of lean construction practices *
What is your level of knowledge of Lean Construction?
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2. Key drivers to integrating lean construction and integrated project delivery
(IPD) on construction mega-projects

1.9 To what extent are BIM and LC implemented in your largest current project(s)
*

(1) < 20% (2) 21%-40% (3) 41%-60% (4) 61%-80%
(5) >80% to

100%

BIM

Lean
construction

BIM and lean
construction
jointly

BIM

Lean
construction

BIM and lean
construction
jointly
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2. Key drivers to integrating lean construction and integrated project delivery
(IPD) on construction mega-projects

2.1 Attitude-related factors *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding attitude-related factors to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

F19:
Collaboration in
design,
construction
works and
engineering
management

F25: Ensuring
e!ective
communication
among project
participants

F19:
Collaboration in
design,
construction
works and
engineering
management

F25: Ensuring
e!ective
communication
among project
participants

2.2 Technical-related factors *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding technical-related factors to integrating BIM and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

F03: Clash
detection,
integrating,

F03: Clash
detection,
integrating,
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coordinating
and validating
design

F04: Predictive
analysis of
performance
(thermal,
energy, i.e.
CO2)

F05:
Improving site
layout and site
safety

F08:
Cooperation
of
simultaneous
access of
construction
work

F09:
Extracting
cost
estimation
and quantity
take o!

F10:
Coordination
and planning
of
construction
work

F13:
Enhancing
exchange of
information

coordinating
and validating
design

F04: Predictive
analysis of
performance
(thermal,
energy, i.e.
CO2)

F05:
Improving site
layout and site
safety

F08:
Cooperation
of
simultaneous
access of
construction
work

F09:
Extracting
cost
estimation
and quantity
take o!

F10:
Coordination
and planning
of
construction
work

F13:
Enhancing
exchange of
information
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and
knowledge
management

F17:
Improving
facilities
management
i.e. operations
and
maintenance
(O and M)

F18: Earlier
and precise
3D
visualisation
of designs

F21:
Elaborating
BIM models
for o!site
prefabrication
and shop
drawings

F22: Four-
dimensional
(4D)
construction
scheduling
and
sequencing
(3D + time)

F23: Accuracy
and reliability
of documents
and data

F24: MEP

and
knowledge
management

F17:
Improving
facilities
management
i.e. operations
and
maintenance
(O and M)

F18: Earlier
and precise
3D
visualisation
of designs

F21:
Elaborating
BIM models
for o!site
prefabrication
and shop
drawings

F22: Four-
dimensional
(4D)
construction
scheduling
and
sequencing
(3D + time)

F23: Accuracy
and reliability
of documents
and data
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2. Key drivers to integrating lean construction and integrated project delivery
(IPD) on construction mega-projects

F24: MEP
simulation and
analysis
(HVAC)

F26: Structural
analysis and
design

F27: Acoustic
(sound)
simulation and
analysis

F28: Five-
dimensional
(5D) cost
estimation
and
scheduling
(3D + time +
cost)

F29:
Predicting,
simulating and
analysing
environmental
conditions
(airflow,
weather)

F24: MEP
simulation and
analysis
(HVAC)

F26: Structural
analysis and
design

F27: Acoustic
(sound)
simulation and
analysis

F28: Five-
dimensional
(5D) cost
estimation
and
scheduling
(3D + time +
cost)

F29:
Predicting,
simulating and
analysing
environmental
conditions
(airflow,
weather)
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2. Key drivers to integrating lean construction and integrated project delivery
(IPD) on construction mega-projects

2.3 Education and knowledge related factors *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding education and knowledge related factors to integrating BIM and
LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree
(4) Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

F11: BIM
training
F11: BIM
training
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2.4 Processes and regulations factors *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding processes and regulations factors to integrating BIM and LC
practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

F01: Integrating
project
documentation/bid
preparation

F02: Adequate
cost allocation to
BIM

F14: Development
of a legal
framework for BIM

F15: Reduced risk
of claims or
litigation

F20: Boosting
implementation of
LC, and integrating
project delivery

F30: Establishing
BIM and LC
standards, codes,
rules and
regulations

F01: Integrating
project
documentation/bid
preparation

F02: Adequate
cost allocation to
BIM

F14: Development
of a legal
framework for BIM

F15: Reduced risk
of claims or
litigation

F20: Boosting
implementation of
LC, and integrating
project delivery

F30: Establishing
BIM and LC
standards, codes,
rules and
regulations
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2. Key drivers to integrating lean construction and integrated project delivery
(IPD) on construction mega-projects

Thank you for completing this survey

Thank you for taking the time to complete this questionnaire. Your assistance in providing this information 
is very much appreciated.

2.5 Project objectives related factors *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding project objectives related factors to integrating BIM and LC
practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

F06: Reducing
construction
project cost

F07: Reducing
construction
project
duration

F12: Improving
quality and
construction
project
performance

F16: Top
organisational
management
support

F06: Reducing
construction
project cost

F07: Reducing
construction
project
duration

F12: Improving
quality and
construction
project
performance

F16: Top
organisational
management
support
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Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Please add any comments you may have in the context of lean construction, IPD
and GID in the context of construction mega-projects. If you would like to have a
copy of the research findings, please include your email address

Your answer

Get link

 Forms

Pre-ill responses, then click "Get link"

https://docs.google.com/forms/u/0/d/e/1FAIpQLSf-3ZeF6De8g86z_1pKq__7ykSC0t5jZhXMkZ9viSv8FSKR9Q/reportabuse?source=https://docs.google.com/forms/d/e/1FAIpQLSf-3ZeF6De8g86z_1pKq__7ykSC0t5jZhXMkZ9viSv8FSKR9Q/viewform
https://policies.google.com/terms
https://policies.google.com/privacy
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Part F3: Statistical analysis using IBM® SPSS® Statistics Version 27 for MacOS



     

  
MEANS TABLES=F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F1
9 F20 F21 F22 F23 F24 
    F25 F26 F27 F28 F29 F30 BY Organisation_setup 
  /CELLS=MEAN COUNT STDDEV VAR.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

12-MAY-2021 21:00:...

/Users/user/Desktop/U
oB-ME PhD 
Papers/007-BIJ-
LeanIPD KD/SPSS27 KD 
LeanIPD Survey/KD 
integr LeanIPD survey.
sav

DataSet1

<none>

<none>

<none>

226

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.

MEANS TABLES=F1 F2 
F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 
F15 F16 F17 F18 F19 
F20 F21 F22 F23 F24
    F25 F26 F27 F28 F29 
F30 BY 
Organisation_setup
  /CELLS=MEAN COUNT 
STDDEV VAR.

00:00:00.12
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Notes

Resources Processor Time

Elapsed Time

00:00:00.12

00:00:00.00

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

F1  * Organisation set-up

F2  * Organisation set-up

F3  * Organisation set-up

F4  * Organisation set-up

F5  * Organisation set-up

F6  * Organisation set-up

F7  * Organisation set-up

F8  * Organisation set-up

F9  * Organisation set-up

F10  * Organisation set-
up

F11  * Organisation set-
up

F12  * Organisation set-
up

F13  * Organisation set-
up

F14  * Organisation set-
up

F15  * Organisation set-
up

F16  * Organisation set-
up

F17  * Organisation set-
up

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%
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Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

F18  * Organisation set-
up

F19  * Organisation set-
up

F20  * Organisation set-
up

F21  * Organisation set-
up

F22  * Organisation set-
up

F23  * Organisation set-
up

F24  * Organisation set-
up

F25  * Organisation set-
up

F26  * Organisation set-
up

F27  * Organisation set-
up

F28  * Organisation set-
up

F29  * Organisation set-
up

F30  * Organisation set-
up

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%

226 100.0% 0 0.0% 226 100.0%
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Report

Organisation set-up F1 F2 F3 F4 F5 F6

Consultant Mean

N

Std. Deviation

Variance

Main Contractor Mean

N

Std. Deviation

Variance

Client Mean

N

Std. Deviation

Variance

Academic Mean

N

Std. Deviation

Variance

Total Mean

N

Std. Deviation

Variance

3.82 3.78 4.31 3.87 4.55 4.29 4.11

9 7 9 7 9 7 9 7 9 7 9 7 9 7

1.080 1.073 1.093 1.086 1.041 1.108 1.117

1.167 1.151 1.195 1.180 1.084 1.228 1.247

4.38 4.32 4.76 4.41 4.75 4.66 4.56

7 1 7 1 7 1 7 1 7 1 7 1 7 1

1.100 1.079 .948 1.090 .937 .970 1.038

1.210 1.165 .899 1.188 .878 .941 1.078

3.92 3.74 4.42 4.00 4.47 4.37 4.26

3 8 3 8 3 8 3 8 3 8 3 8 3 8

1.050 1.057 1.081 1.162 1.059 1.076 1.131

1.102 1.118 1.169 1.351 1.121 1.158 1.280

4.30 3.95 4.35 4.35 4.60 4.25 4.40

2 0 2 0 2 0 2 0 2 0 2 0 2 0

.979 1.099 1.182 1.040 .995 1.070 1.095

.958 1.208 1.397 1.082 .989 1.145 1.200

4.06 3.96 4.47 4.10 4.60 4.42 4.31

226 226 226 226 226 226 226

1.096 1.097 1.067 1.117 1.007 1.064 1.103

1.201 1.203 1.139 1.247 1.014 1.133 1.217
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Report

Organisation set-up F7 F8 F9 F10 F11 F12

Consultant Mean

N

Std. Deviation

Variance

Main Contractor Mean

N

Std. Deviation

Variance

Client Mean

N

Std. Deviation

Variance

Academic Mean

N

Std. Deviation

Variance

Total Mean

N

Std. Deviation

Variance

4.11 4.62 4.04 5.03 3.56 4.42 4.39

9 7 9 7 9 7 9 7 9 7 9 7 9 7

1.117 1.015 1.136 .770 1.181 1.098 1.095

1.247 1.030 1.290 .593 1.395 1.205 1.199

4.56 4.85 4.49 5.08 4.06 4.77 4.79

7 1 7 1 7 1 7 1 7 1 7 1 7 1

1.038 .873 1.094 .712 1.297 .959 .970

1.078 .761 1.196 .507 1.682 .920 .940

4.26 4.58 4.18 4.89 3.53 4.45 4.32

3 8 3 8 3 8 3 8 3 8 3 8 3 8

1.131 1.004 1.249 .831 1.156 1.032 1.042

1.280 1.007 1.560 .691 1.337 1.065 1.087

4.40 4.65 4.35 4.90 3.35 4.65 4.55

2 0 2 0 2 0 2 0 2 0 2 0 2 0

1.095 .875 1.182 .718 1.182 1.040 1.099

1.200 .766 1.397 .516 1.397 1.082 1.208

4.31 4.69 4.23 5.01 3.69 4.56 4.52

226 226 226 226 226 226 226

1.103 .958 1.156 .757 1.233 1.045 1.059

1.217 .919 1.336 .573 1.521 1.092 1.122
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Report

Organisation set-up F13 F14 F15 F16 F17 F18

Consultant Mean

N

Std. Deviation

Variance

Main Contractor Mean

N

Std. Deviation

Variance

Client Mean

N

Std. Deviation

Variance

Academic Mean

N

Std. Deviation

Variance

Total Mean

N

Std. Deviation

Variance

4.39 3.71 3.80 4.91 3.91 4.75 5.15

9 7 9 7 9 7 9 7 9 7 9 7 9 7

1.095 1.070 1.077 .879 1.091 1.000 .667

1.199 1.145 1.159 .773 1.189 1.001 .445

4.79 4.32 4.35 5.03 4.42 4.93 5.04

7 1 7 1 7 1 7 1 7 1 7 1 7 1

.970 1.118 1.070 .736 1.104 .884 .685

.940 1.251 1.146 .542 1.219 .781 .470

4.32 3.61 3.79 4.82 4.05 4.66 5.11

3 8 3 8 3 8 3 8 3 8 3 8 3 8

1.042 1.054 1.069 .865 1.161 .994 .509

1.087 1.110 1.144 .749 1.349 .988 .259

4.55 3.85 4.10 4.85 4.40 4.95 5.15

2 0 2 0 2 0 2 0 2 0 2 0 2 0

1.099 1.089 1.021 .875 1.095 .945 .366

1.208 1.187 1.042 .766 1.200 .892 .134

4.52 3.90 4.00 4.92 4.14 4.81 5.11

226 226 226 226 226 226 226

1.059 1.117 1.091 .832 1.125 .959 .626

1.122 1.247 1.191 .692 1.266 .919 .392
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Report

Organisation set-up F19 F20 F21 F22 F23 F24

Consultant Mean

N

Std. Deviation

Variance

Main Contractor Mean

N

Std. Deviation

Variance

Client Mean

N

Std. Deviation

Variance

Academic Mean

N

Std. Deviation

Variance

Total Mean

N

Std. Deviation

Variance

5.15 4.81 4.77 3.99 4.10 3.87 4.49

9 7 9 7 9 7 9 7 9 7 9 7 9 7

.667 .950 .984 1.123 1.132 1.115 1.052

.445 .903 .969 1.260 1.281 1.242 1.107

5.04 5.03 4.80 4.48 4.52 4.41 4.75

7 1 7 1 7 1 7 1 7 1 7 1 7 1

.685 .736 1.050 1.080 1.080 1.090 .937

.470 .542 1.103 1.167 1.167 1.188 .878

5.11 4.79 4.58 4.21 4.13 3.95 4.45

3 8 3 8 3 8 3 8 3 8 3 8 3 8

.509 .935 1.004 1.212 1.189 1.089 1.032

.259 .873 1.007 1.468 1.415 1.186 1.065

5.15 4.95 4.50 4.40 4.40 4.40 4.70

2 0 2 0 2 0 2 0 2 0 2 0 2 0

.366 .759 1.357 1.095 1.095 1.095 1.081

.134 .576 1.842 1.200 1.200 1.200 1.168

5.11 4.89 4.73 4.22 4.27 4.10 4.58

226 226 226 226 226 226 226

.626 .870 1.043 1.136 1.132 1.123 1.017

.392 .757 1.089 1.291 1.280 1.262 1.035
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Report

Organisation set-up F25 F26 F27 F28 F29 F30

Consultant Mean

N

Std. Deviation

Variance

Main Contractor Mean

N

Std. Deviation

Variance

Client Mean

N

Std. Deviation

Variance

Academic Mean

N

Std. Deviation

Variance

Total Mean

N

Std. Deviation

Variance

4.49 3.44 3.60 3.89 3.87 4.75

9 7 9 7 9 7 9 7 9 7 9 7

1.052 1.233 1.205 1.079 1.115 .969

1.107 1.520 1.451 1.164 1.242 .938

4.75 3.94 3.59 4.39 4.41 4.90

7 1 7 1 7 1 7 1 7 1 7 1

.937 1.362 1.369 1.089 1.090 .864

.878 1.854 1.874 1.185 1.188 .747

4.45 3.58 3.11 4.05 3.95 4.71

3 8 3 8 3 8 3 8 3 8 3 8

1.032 1.154 1.556 1.114 1.089 .956

1.065 1.331 2.421 1.240 1.186 .914

4.70 3.30 3.00 4.25 4.40 4.65

2 0 2 0 2 0 2 0 2 0 2 0

1.081 1.218 1.076 1.020 1.095 1.040

1.168 1.484 1.158 1.039 1.200 1.082

4.58 3.61 3.46 4.11 4.10 4.78

226 226 226 226 226 226

1.017 1.275 1.324 1.098 1.123 .939

1.035 1.625 1.752 1.206 1.262 .882
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Appendix G: Strategic frameworks form managing risk and challenges of 

integrating lean construction and integrated project delivery on 

megaprojects, towards global integrated delivery transformative 

initiatives and corporate governance 

Appendix G consists of following part(s): - 

Part G1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire  

Part G2: Survey questionnaire (Google Forms) 

Part G3: Statistical analysis using IBM® SPSS® Statistics Version 27 for 

MacOS 
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Part G1: Excel spreadsheet showing tabulation of ‘untreated’ quantitative 

data from questionnaire 
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Part G2: A Delphi study questionnaire (Google Forms) 

  



5/12/21, 10:26 PMChallenges of integrating lean construction practices and integrated p…ry (GID) transformative initiatives in multinational AEC organisations

Page 1 of 14https://docs.google.com/forms/d/1ihsDh_8aXQhAVnFhsE5kYBlRP9jWn-Byah9v9Qu_VYA/prefill

1. General professional questions

There are 10 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

Challenges of integrating lean
construction practices and integrated
project delivery (IPD) on construction
mega-projects towards global
integrated delivery (GID) transformative
initiatives in multinational AEC
organisations
There are three sections of the questionnaire 

* Required



5/12/21, 10:26 PMChallenges of integrating lean construction practices and integrated p…ry (GID) transformative initiatives in multinational AEC organisations

Page 2 of 14https://docs.google.com/forms/d/1ihsDh_8aXQhAVnFhsE5kYBlRP9jWn-Byah9v9Qu_VYA/prefill

(1) Consultants (i.e. Designer, Architect, Supervision, Project Management)

(2) Main Contractors (including subcontractors, trade contractors)

(3) Clients (i.e. Governmental, semi-governmental, real estate developers, municipal)

(4) Academics

Other:

(1) Senior Management ( i.e. Director Program Manager)

(2) Manager (i.e. Department, Project, Construction)

(3) Senior Level Resident Engineer/Client Consultant

(4) Mid Level (Engineering)

(5) Junior Level (Engineering)

1.1 Organisation set-up *
How do you describe the category of your current organisation?

1.2 Career level *
How do you classify the level of your current role in your organisation?
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(1) Mega-project(s) ( > 1Billion USD)

(2) Large-scale project(s) (>500 Million to 1 Billion)

(3) Medium-scale project(s) (>100 M to 500 M)

(4) Small-scale project(s) (>50 M to 100 M)

(5) Research or project(s) < 50 M

(1) More than 20 years

(2) 16-20 years

(3) 11-15 years

(4) 5-10 years

(5) Less than 5 years

1. General professional questions

There are 10 questions in Section 1. In this section we ask that you provide us with information relating to 
your professional career. Please note that these will be dealt with in a high level of confidentiality in 
addition to the survey being anonymous.

1.3 Size of current project(s) *
Please select the appropriate scale of your largest current project

1.4 Experience in the construction industry *
Please select the appropriate band of your years of experience in the construction industry
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(1) Infrastructure

(2) Metro/LRT

(3) Building

(4) Industrial

Other:

(1) Lump Sum Contracts

(2) Measurement Contracts

(3) Cost Reimbursed Contracts

(4) Design and Build (DB) procurement

Other:

1.5 Type of project(s) *
Please select the type of your largest current project from the list below

1.6 Type of contract or procurement *
Please select the type of contract of your largest current project from the list below
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(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

1.7 Awareness of BIM *
What is your level of awareness of Building information modelling (BIM)?

1.8 Knowledge of Lean Construction practices *
What is your level of knowledge of Lean Construction?
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(1) Expert

(2) Very knowledgeable

(3) Good knowledge

(4) Some knowledge

(5) Little knowledge

(6) No knowledge

Other:

1.9 Knowledge of integrated project delivery (IPD) *
What is your level of knowledge of IPD?
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2. Challenges of integrating lean construction practices and integrated project
delivery (IPD) on construction mega-projects

1.10 To what extent are implemented/integrated BIM, LC, LeanBIM, IPD, and
LeanIPD in your largest current project(s) *

(1) < 20% (2) 21%-40% (3) 41%-60% (4) 61%-80%
(5) >80% to

100%

BIM

Lean
construction
(LC)

LeanBIM
(BIM+LC)

Integrated
project delivery
(IPD)

LeanIPD
(BIM+LC+IPD)

BIM

Lean
construction
(LC)

LeanBIM
(BIM+LC)

Integrated
project delivery
(IPD)

LeanIPD
(BIM+LC+IPD)

2.1 Challenges to integrating LC and IPD *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding technical related barriers to integrating IPD and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

C1. Poor
communication
C1. Poor
communication
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and spirit of
collaboration
between
project
stakeholders

C2. Lack of
client’s
awareness and
IPD experience
amongst key
stakeholders

C3. Lack of
integrated
synergies
between lean
construction
(LC), IPD
working
towards
LeanIPD&GID

C4. Resistance
of industry to
change from
traditional
procurement to
IPD

C5. Lack of
organisation’s
senior-
management
and client’s
commitment to
IPD approaches

and spirit of
collaboration
between
project
stakeholders

C2. Lack of
client’s
awareness and
IPD experience
amongst key
stakeholders

C3. Lack of
integrated
synergies
between lean
construction
(LC), IPD
working
towards
LeanIPD&GID

C4. Resistance
of industry to
change from
traditional
procurement to
IPD

C5. Lack of
organisation’s
senior-
management
and client’s
commitment to
IPD approaches
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2. Challenges of integrating lean construction practices and integrated project
delivery (IPD) on construction mega-projects

2.2 Challenges to integrating LC and IPD *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding technical related barriers to integrating IPD and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

C6. Lack of
mutual
benefits and
rewards to
project key
stakeholders

C7. Improper
selection of
IPD-oriented
project teams

C8. Lack of
mutual
respect and
trust between
project key
stakeholders

C9. Lack of
knowledge
and
experience
about using
BIM as an
appropriate
technology
for IPD

C6. Lack of
mutual
benefits and
rewards to
project key
stakeholders

C7. Improper
selection of
IPD-oriented
project teams

C8. Lack of
mutual
respect and
trust between
project key
stakeholders

C9. Lack of
knowledge
and
experience
about using
BIM as an
appropriate
technology
for IPD
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2. Challenges of integrating lean construction practices and integrated project
delivery (IPD) on construction mega-projects

C10. Lack of
governmental
incentives,
policies,
regulations or
legal
frameworks

C10. Lack of
governmental
incentives,
policies,
regulations or
legal
frameworks
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2.3 Challenges to integrating LC and IPD *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding technical related barriers to integrating IPD and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

C11. Conflict
due to
multiparty
agreement
throughout
project
lifecycle

C12. Lack of
collaborative,
innovative
and decision
making

C13. Lack of
early
involvement
of project key
participants

C14. Lack of
early goal
definition for
project
stakeholders

C15. Lack of
intensified
planning

C11. Conflict
due to
multiparty
agreement
throughout
project
lifecycle

C12. Lack of
collaborative,
innovative
and decision
making

C13. Lack of
early
involvement
of project key
participants

C14. Lack of
early goal
definition for
project
stakeholders

C15. Lack of
intensified
planning
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2. Challenges of integrating lean construction practices and integrated project
delivery (IPD) on construction mega-projects

2.4 Challenges to integrating LC and IPD *
In the context of construction mega-projects, please indicate the extent to which you agree or disagree
with the following statements regarding technical related barriers to integrating IPD and LC practices:

(6) Very
strongly

agree

(5)
Strongly

agree

(4)
Agree

(3) Not
sure or
don’t
know

(2)
Disagree

(1)
Strongly
disagree

(0) Very
strongly
disagree

C16. Lack of
open
communication
and discussion
about goals
and trust
among all
participants

C17. Lack of
organisational
leadership

C18. High initial
investment to
implement LC,
BIM and IPD
approaches

C19. Low level
of researches
in industry and
academia

C20. Shortage
of cross-field
specialists in
LC, BIM, IPD,
LeanBIM,

C16. Lack of
open
communication
and discussion
about goals
and trust
among all
participants

C17. Lack of
organisational
leadership

C18. High initial
investment to
implement LC,
BIM and IPD
approaches

C19. Low level
of researches
in industry and
academia

C20. Shortage
of cross-field
specialists in
LC, BIM, IPD,
LeanBIM,
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3. Challenges of integrating lean construction practices and integrated project
delivery (IPD) on construction mega-projects

LeanIPD
towards
LeanIPD&GID

LeanIPD
towards
LeanIPD&GID

3.1 IPD and LC performance indicator *
To what extent do you think your current project meets client objectives in the following areas:

(6) Very
great
extent

(5) Great
extent

(4) Good
extent

(3) Not
sure or
don’t
know

(2) Some
extent

(1) Little
extent

(0) No
extent

Cost
predictability

Time
predictability

Quality of the
product

Client
satisfaction
with the
product

Client
satisfaction
with the
service

Client
satisfaction
with the value
for money

Cost
predictability

Time
predictability

Quality of the
product

Client
satisfaction
with the
product

Client
satisfaction
with the
service

Client
satisfaction
with the value
for money
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Thank you for completing this survey

Thank you for taking the time to complete this questionnaire. Your assistance in providing this information 
is very much appreciated.

Page 1 of 9

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Minimisation
of defects at
handover

Perception of
sustainability
outcomes

Health and
safety
performance
during
construction

Minimisation
of defects at
handover

Perception of
sustainability
outcomes

Health and
safety
performance
during
construction

Please add any comments you may have in the context of lean construction, IPD
and GID in the context of construction mega-projects. If you would like to have a
copy of the research findings, please include your email address

Your answer

Get link

 Forms
Pre-kll responses, then click "Get link"
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Part G3: Statistical analysis using IBM® SPSS® Statistics Version 27 for Mac 



     

  
MEANS TABLES=C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C1
9 C20 BY 
    Organisation_setup 
  /CELLS=MEAN STDDEV VAR.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

07-FEB-2021 01:30:42

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.

MEANS TABLES=C1 C2 
C3 C4 C5 C6 C7 C8 C9 
C10 C11 C12 C13 C14 
C15 C16 C17 C18 C19 
C20 BY
    Organisation_setup
  /CELLS=MEAN 
STDDEV VAR.

00:00:00.02
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Means

Notes

Resources Processor Time

Elapsed Time

00:00:00.02

00:00:00.00

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

C1  * Organisation set-up

C2  * Organisation set-up

C3  * Organisation set-up

C4  * Organisation set-up

C5  * Organisation set-up

C6  * Organisation set-up

C7  * Organisation set-up

C8  * Organisation set-up

C9  * Organisation set-up

C10  * Organisation set-
up

C11  * Organisation set-
up

C12  * Organisation set-
up

C13  * Organisation set-
up

C14  * Organisation set-
up

C15  * Organisation set-
up

C16  * Organisation set-
up

C17  * Organisation set-
up

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%
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Means

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

C18  * Organisation set-
up

C19  * Organisation set-
up

C20  * Organisation set-
up

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

Report

Organisation set-up C1 C2 C3 C4 C5 C6

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

4.97 6.00 5.79 5.79 5.83 5.34 5.70

1.049 .780 .976 .915 .834 1.075 .953

1.101 .609 .953 .837 .695 1.156 .909

5.33 5.92 5.82 5.97 5.94 5.77 5.59

1.128 .810 .893 .784 .820 .957 1.123

1.272 .656 .797 .614 .673 .917 1.261

4.91 5.74 5.69 5.69 5.69 5.29 5.46

1.121 .886 .993 .963 .867 1.073 1.010

1.257 .785 .987 .928 .751 1.151 1.020

5.21 5.84 5.63 5.58 5.79 5.42 5.32

1.084 .765 1.065 .902 .918 1.071 1.376

1.175 .585 1.135 .813 .842 1.146 1.895

5.11 5.91 5.76 5.81 5.84 5.49 5.58

1.100 .808 .955 .882 .842 1.048 1.070

1.210 .653 .912 .779 .709 1.098 1.145
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Means

Report

Organisation set-up C7 C8 C9 C10 C11 C12

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.70 5.10 5.67 6.03 5.54 5.49 5.20

.953 1.079 .989 .722 1.017 .974 1.098

.909 1.164 .977 .521 1.034 .949 1.206

5.59 5.44 5.82 5.97 5.67 5.67 5.41

1.123 1.111 .893 .723 .982 1.013 1.123

1.261 1.235 .797 .522 .964 1.026 1.261

5.46 5.11 5.60 6.00 5.46 5.37 5.03

1.010 1.183 1.006 .542 1.010 1.060 1.175

1.020 1.398 1.012 .294 1.020 1.123 1.382

5.32 5.37 5.32 5.95 5.21 5.32 5.16

1.376 1.165 .946 .621 .976 1.204 1.167

1.895 1.357 .895 .386 .953 1.450 1.363

5.58 5.25 5.67 5.99 5.54 5.51 5.24

1.070 1.121 .959 .678 1.001 1.027 1.128

1.145 1.256 .919 .460 1.001 1.055 1.272

Report

Organisation set-up C13 C14 C15 C16 C17 C18

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.20 5.19 5.49 5.14 5.79 4.97 4.99

1.098 1.081 .989 1.120 .946 1.049 1.056

1.206 1.168 .978 1.255 .895 1.101 1.116

5.41 5.50 5.80 5.53 5.86 5.44 5.47

1.123 1.085 .964 1.084 .875 1.111 1.099

1.261 1.177 .930 1.176 .766 1.235 1.207

5.03 5.17 5.26 5.09 5.63 5.06 5.03

1.175 1.124 1.067 1.245 1.003 1.162 1.248

1.382 1.264 1.138 1.551 1.005 1.350 1.558

5.16 5.32 5.37 5.11 5.32 5.26 5.00

1.167 1.204 1.116 1.243 1.057 1.195 1.247

1.363 1.450 1.246 1.544 1.117 1.427 1.556

5.24 5.31 5.54 5.26 5.74 5.18 5.16

1.128 1.104 1.021 1.152 .951 1.117 1.141

1.272 1.218 1.043 1.327 .904 1.248 1.301
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Means

Report

Organisation set-up C19 C20

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

4.99 5.49

1.056 1.046

1.116 1.094

5.47 5.82

1.099 .943

1.207 .890

5.03 5.40

1.248 1.063

1.558 1.129

5.00 5.37

1.247 1.116

1.556 1.246

5.16 5.57

1.141 1.030

1.301 1.061
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ONEWAY C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
BY Organisation_setup 
  /MISSING ANALYSIS 
  /POSTHOC=TUKEY ALPHA(0.05).

Oneway

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

07-FEB-2021 01:31:13

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

User-defined missing 
values are treated as 
missing.

Statistics for each 
analysis are based on 
cases with no missing 
data for any variable in 
the analysis.

ONEWAY C1 C2 C3 C4 
C5 C6 C7 C8 C9 C10 
C11 C12 C13 C14 C15 
C16 C17 C18 C19 C20 
BY Organisation_setup
  /MISSING ANALYSIS
  /POSTHOC=TUKEY 
ALPHA(0.05).

00:00:00.13

00:00:00.00
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Oneway

ANOVA

Sum of 
Squares df Mean Square F Sig.

C1 Between Groups

Within Groups

Total

C2 Between Groups

Within Groups

Total

C3 Between Groups

Within Groups

Total

C4 Between Groups

Within Groups

Total

C5 Between Groups

Within Groups

Total

C6 Between Groups

Within Groups

Total

C7 Between Groups

Within Groups

Total

C8 Between Groups

Within Groups

Total

C9 Between Groups

Within Groups

Total

C10 Between Groups

Within Groups

Total

C11 Between Groups

Within Groups

Total

6.169 3 2.056 1.719 .165

222.510 186 1.196

228.679 189

1.646 3 .549 .837 .475

121.833 186 .655

123.479 189

.774 3 .258 .280 .840

171.568 186 .922

172.342 189

3.279 3 1.093 1.413 .240

143.900 186 .774

147.179 189

1.541 3 .514 .722 .540

132.401 186 .712

133.942 189

8.342 3 2.781 2.597 .054

199.137 186 1.071

207.479 189

2.870 3 .957 .834 .477

213.446 186 1.148

216.316 189

4.852 3 1.617 1.294 .278

232.521 186 1.250

237.374 189

4.002 3 1.334 1.462 .226

169.766 186 .913

173.768 189

.165 3 .055 .118 .950

86.830 186 .467

86.995 189

3.360 3 1.120 1.121 .342

185.882 186 .999

189.242 189

3.050 3 1.017 .963 .412
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Oneway

ANOVA

Sum of 
Squares df Mean Square F Sig.

C12 Between Groups

Within Groups

Total

C13 Between Groups

Within Groups

Total

C14 Between Groups

Within Groups

Total

C15 Between Groups

Within Groups

Total

C16 Between Groups

Within Groups

Total

C17 Between Groups

Within Groups

Total

C18 Between Groups

Within Groups

Total

C19 Between Groups

Within Groups

Total

C20 Between Groups

Within Groups

Total

3.050 3 1.017 .963 .412

196.429 186 1.056

199.479 189

3.690 3 1.230 .967 .410

236.652 186 1.272

240.342 189

4.132 3 1.377 1.133 .337

226.162 186 1.216

230.295 189

8.131 3 2.710 2.667 .049

189.032 186 1.016

197.163 189

7.299 3 2.433 1.858 .138

243.543 186 1.309

250.842 189

5.007 3 1.669 1.872 .136

165.835 186 .892

170.842 189

8.145 3 2.715 2.217 .088

227.770 186 1.225

235.916 189

9.546 3 3.182 2.504 .061

236.397 186 1.271

245.942 189

6.343 3 2.114 2.026 .112

194.125 186 1.044

200.468 189

Post Hoc Tests
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C1 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C2 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C3 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- .362 .188 .220

.057 .226 .994

- .239 .283 .833

.362 .188 .220

.419 .229 .262

.123 .285 .973

- .057 .226 .994

- .419 .229 .262

- .296 .312 .778

.239 .283 .833

- .123 .285 .973

.296 .312 .778

.076 .139 .948

.257 .168 .419

.158 .209 .875

- .076 .139 .948

.181 .169 .707

.082 .211 .980

- .257 .168 .419

- .181 .169 .707

- .099 .231 .973

- .158 .209 .875

- .082 .211 .980

.099 .231 .973

- .032 .165 .997

.100 .199 .958

.154 .248 .925

.032 .165 .997

.132 .201 .912

.187 .250 .878

- .100 .199 .958

- .132 .201 .912

.054 .274 .997

- .154 .248 .925

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C1 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C2 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C3 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.220 - . 8 5 .12

.994 - . 5 3 .64

.833 - . 9 7 .49

.220 - . 1 2 .85

.262 - . 1 7 1.01

.973 - . 6 2 .86

.994 - . 6 4 .53

.262 -1 .01 .17

.778 -1 .10 .51

.833 - . 4 9 .97

.973 - . 8 6 .62

.778 - . 5 1 1.10

.948 - . 2 8 .44

.419 - . 1 8 .69

.875 - . 3 8 .70

.948 - . 4 4 .28

.707 - . 2 6 .62

.980 - . 4 6 .63

.419 - . 6 9 .18

.707 - . 6 2 .26

.973 - . 7 0 .50

.875 - . 7 0 .38

.980 - . 6 3 .46

.973 - . 5 0 .70

.997 - . 4 6 .39

.958 - . 4 2 .62

.925 - . 4 9 .80

.997 - . 3 9 .46

.912 - . 3 9 .65

.878 - . 4 6 .83

.958 - . 6 2 .42

.912 - . 6 5 .39

.997 - . 6 6 .76

.925 - . 8 0 .49

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C1 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C2 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C3 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.12

.64

.49

.85

1.01

.86

.53

.17

.51

.97

.62

1.10

.44

.69

.70

.28

.62

.63

.18

.26

.50

.38

.46

.70

.39

.62

.80

.46

.65

.83

.42

.39

.76

.49

Tukey HSD

Tukey HSD

Page 6



OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C3

Academic Consultant

Main Contractor

Client

C4 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C5 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C6 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

- .154 .248 .925

- .187 .250 .878

- .054 .274 .997

- .184 .151 .615

.100 .182 .947

.207 .228 .800

.184 .151 .615

.284 .184 .413

.391 .229 .323

- .100 .182 .947

- .284 .184 .413

.107 .251 .974

- .207 .228 .800

- .391 .229 .323

- .107 .251 .974

- .111 .145 .870

.143 .175 .846

.039 .218 .998

.111 .145 .870

.254 .176 .477

.150 .220 .904

- .143 .175 .846

- .254 .176 .477

- .104 .240 .973

- .039 .218 .998

- .150 .220 .904

.104 .240 .973

- .430 .178 .077

.057 .214 .993

- .078 .268 .991

.430 .178 .077

.487 .216 .114

.352 .269 .561

- .057 .214 .993

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C3

Academic Consultant

Main Contractor

Client

C4 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C5 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C6 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.925 - . 8 0 .49

.878 - . 8 3 .46

.997 - . 7 6 .66

.615 - . 5 8 .21

.947 - . 3 7 .57

.800 - . 3 8 .80

.615 - . 2 1 .58

.413 - . 1 9 .76

.323 - . 2 0 .98

.947 - . 5 7 .37

.413 - . 7 6 .19

.974 - . 5 4 .76

.800 - . 8 0 .38

.323 - . 9 8 .20

.974 - . 7 6 .54

.870 - . 4 9 .26

.846 - . 3 1 .60

.998 - . 5 3 .60

.870 - . 2 6 .49

.477 - . 2 0 .71

.904 - . 4 2 .72

.846 - . 6 0 .31

.477 - . 7 1 .20

.973 - . 7 3 .52

.998 - . 6 0 .53

.904 - . 7 2 .42

.973 - . 5 2 .73

.077 - . 8 9 .03

.993 - . 5 0 .61

.991 - . 7 7 .62

.077 - . 0 3 .89

.114 - . 0 7 1.05

.561 - . 3 5 1.05

.993 - . 6 1 .50

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C3

Academic Consultant

Main Contractor

Client

C4 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C5 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C6 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.49

.46

.66

.21

.57

.80

.58

.76

.98

.37

.19

.76

.38

.20

.54

.26

.60

.60

.49

.71

.72

.31

.20

.52

.53

.42

.73

.03

.61

.62

.89

1.05

1.05

.50

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C6

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C7 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C8 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C9 Consultant Main Contractor

Client

Academic

- .057 .214 .993

- .487 .216 .114

- .135 .295 .968

.078 .268 .991

- .352 .269 .561

.135 .295 .968

.109 .184 .934

.243 .222 .693

.384 .277 .509

- .109 .184 .934

.134 .224 .933

.275 .279 .757

- .243 .222 .693

- .134 .224 .933

.141 .305 .967

- .384 .277 .509

- .275 .279 .757

- .141 .305 .967

- .339 .192 .291

- .014 .231 1.000

- .268 .289 .790

.339 .192 .291

.325 .234 .507

.071 .291 .995

.014 .231 1.000

- .325 .234 .507

- .254 .319 .855

.268 .289 .790

- .071 .291 .995

.254 .319 .855

- .147 .164 .807

.071 .198 .984

.356 .247 .477

.147 .164 .807

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C6

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C7 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C8 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C9 Consultant Main Contractor

Client

Academic

.993 - . 6 1 .50

.114 -1 .05 .07

.968 - . 9 0 .63

.991 - . 6 2 .77

.561 -1 .05 .35

.968 - . 6 3 .90

.934 - . 3 7 .59

.693 - . 3 3 .82

.509 - . 3 3 1.10

.934 - . 5 9 .37

.933 - . 4 5 .71

.757 - . 4 5 1.00

.693 - . 8 2 .33

.933 - . 7 1 .45

.967 - . 6 5 .93

.509 -1 .10 .33

.757 -1 .00 .45

.967 - . 9 3 .65

.291 - . 8 4 .16

1.000 - . 6 1 .59

.790 -1 .02 .48

.291 - . 1 6 .84

.507 - . 2 8 .93

.995 - . 6 8 .83

1.000 - . 5 9 .61

.507 - . 9 3 .28

.855 -1 .08 .57

.790 - . 4 8 1.02

.995 - . 8 3 .68

.855 - . 5 7 1.08

.807 - . 5 7 .28

.984 - . 4 4 .58

.477 - . 2 9 1.00

.807 - . 2 8 .57

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C6

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C7 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C8 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C9 Consultant Main Contractor

Client

Academic

.50

.07

.63

.77

.35

.90

.59

.82

1.10

.37

.71

1.00

.33

.45

.93

.33

.45

.65

.16

.59

.48

.84

.93

.83

.61

.28

.57

1.02

.68

1.08

.28

.58

1.00

.57

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C9

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C10 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C11 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.147 .164 .807

.218 .200 .695

.502 .249 .184

- .071 .198 .984

- .218 .200 .695

.284 .272 .724

- .356 .247 .477

- .502 .249 .184

- .284 .272 .724

.059 .117 .958

.029 .141 .997

.081 .177 .968

- .059 .117 .958

- .030 .143 .997

.022 .178 .999

- .029 .141 .997

.030 .143 .997

.053 .195 .993

- .081 .177 .968

- .022 .178 .999

- .053 .195 .993

- .124 .172 .888

.086 .207 .976

.332 .259 .574

.124 .172 .888

.210 .209 .748

.456 .260 .300

- .086 .207 .976

- .210 .209 .748

.247 .285 .823

- .332 .259 .574

- .456 .260 .300

- .247 .285 .823

- .181 .176 .734

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C9

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C10 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C11 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.807 - . 2 8 .57

.695 - . 3 0 .74

.184 - . 1 4 1.15

.984 - . 5 8 .44

.695 - . 7 4 .30

.724 - . 4 2 .99

.477 -1 .00 .29

.184 -1 .15 .14

.724 - . 9 9 .42

.958 - . 2 5 .36

.997 - . 3 4 .40

.968 - . 3 8 .54

.958 - . 3 6 .25

.997 - . 4 0 .34

.999 - . 4 4 .48

.997 - . 4 0 .34

.997 - . 3 4 .40

.993 - . 4 5 .56

.968 - . 5 4 .38

.999 - . 4 8 .44

.993 - . 5 6 .45

.888 - . 5 7 .32

.976 - . 4 5 .62

.574 - . 3 4 1.00

.888 - . 3 2 .57

.748 - . 3 3 .75

.300 - . 2 2 1.13

.976 - . 6 2 .45

.748 - . 7 5 .33

.823 - . 4 9 .99

.574 -1 .00 .34

.300 -1 .13 .22

.823 - . 9 9 .49

.734 - . 6 4 .28

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C9

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C10 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C11 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.57

.74

1.15

.44

.30

.99

.29

.14

.42

.36

.40

.54

.25

.34

.48

.34

.40

.56

.38

.44

.45

.32

.62

1.00

.57

.75

1.13

.45

.33

.99

.34

.22

.49

.28

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C12 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C13 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C14 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- .181 .176 .734

.114 .213 .950

.170 .266 .919

.181 .176 .734

.295 .215 .517

.351 .268 .557

- .114 .213 .950

- .295 .215 .517

.056 .293 .998

- .170 .266 .919

- .351 .268 .557

- .056 .293 .998

- .209 .194 .702

.171 .234 .883

.042 .292 .999

.209 .194 .702

.381 .236 .374

.251 .294 .828

- .171 .234 .883

- .381 .236 .374

- .129 .321 .978

- .042 .292 .999

- .251 .294 .828

.129 .321 .978

- .314 .189 .347

.014 .228 1.000

- .130 .285 .968

.314 .189 .347

.329 .231 .485

.184 .287 .918

- .014 .228 1.000

- .329 .231 .485

- .144 .314 .968

.130 .285 .968

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C12 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C13 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C14 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.734 - . 6 4 .28

.950 - . 4 4 .67

.919 - . 5 2 .86

.734 - . 2 8 .64

.517 - . 2 6 .85

.557 - . 3 4 1.04

.950 - . 6 7 .44

.517 - . 8 5 .26

.998 - . 7 0 .81

.919 - . 8 6 .52

.557 -1 .04 .34

.998 - . 8 1 .70

.702 - . 7 1 .29

.883 - . 4 3 .78

.999 - . 7 1 .80

.702 - . 2 9 .71

.374 - . 2 3 .99

.828 - . 5 1 1.01

.883 - . 7 8 .43

.374 - . 9 9 .23

.978 - . 9 6 .70

.999 - . 8 0 .71

.828 -1 .01 .51

.978 - . 7 0 .96

.347 - . 8 0 .18

1.000 - . 5 8 .61

.968 - . 8 7 .61

.347 - . 1 8 .80

.485 - . 2 7 .93

.918 - . 5 6 .93

1.000 - . 6 1 .58

.485 - . 9 3 .27

.968 - . 9 6 .67

.968 - . 6 1 .87

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C12 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C13 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C14 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.28

.67

.86

.64

.85

1.04

.44

.26

.81

.52

.34

.70

.29

.78

.80

.71

.99

1.01

.43

.23

.70

.71

.51

.96

.18

.61

.61

.80

.93

.93

.58

.27

.67

.87

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C14

Academic Consultant

Main Contractor

Client

C15 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C16 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C17 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.130 .285 .968

- .184 .287 .918

.144 .314 .968

- .317 .173 .260

.229 .209 .693

.117 .261 .970

.317 .173 .260

.546 .211 .050

.435 .262 .350

- .229 .209 .693

- .546 .211 .050

- .111 .287 .980

- .117 .261 .970

- .435 .262 .350

.111 .287 .980

- .387 .196 .202

.057 .237 .995

.038 .296 .999

.387 .196 .202

.445 .239 .250

.425 .298 .484

- .057 .237 .995

- .445 .239 .250

- .020 .326 1.000

- .038 .296 .999

- .425 .298 .484

.020 .326 1.000

- .078 .162 .963

.157 .195 .853

.470 .244 .222

.078 .162 .963

.235 .197 .634

.548 .246 .119

- .157 .195 .853

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C14

Academic Consultant

Main Contractor

Client

C15 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C16 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C17 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.968 - . 6 1 .87

.918 - . 9 3 .56

.968 - . 6 7 .96

.260 - . 7 7 .13

.693 - . 3 1 .77

.970 - . 5 6 .79

.260 - . 1 3 .77

.050 .00 1.09

.350 - . 2 5 1.12

.693 - . 7 7 .31

.050 -1 .09 .00

.980 - . 8 6 .63

.970 - . 7 9 .56

.350 -1 .12 .25

.980 - . 6 3 .86

.202 - . 9 0 .12

.995 - . 5 6 .67

.999 - . 7 3 .80

.202 - . 1 2 .90

.250 - . 1 8 1.06

.484 - . 3 5 1.20

.995 - . 6 7 .56

.250 -1 .06 .18

1.000 - . 8 6 .83

.999 - . 8 0 .73

.484 -1 .20 .35

1.000 - . 8 3 .86

.963 - . 5 0 .34

.853 - . 3 5 .66

.222 - . 1 6 1.10

.963 - . 3 4 .50

.634 - . 2 8 .75

.119 - . 0 9 1.19

.853 - . 6 6 .35

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C14

Academic Consultant

Main Contractor

Client

C15 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C16 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C17 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.87

.56

.96

.13

.77

.79

.77

1.09

1.12

.31

.00

.63

.56

.25

.86

.12

.67

.80

.90

1.06

1.20

.56

.18

.83

.73

.35

.86

.34

.66

1.10

.50

.75

1.19

.35

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C17

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C18 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C19 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C20 Consultant Main Contractor

Client

Academic

- .157 .195 .853

- .235 .197 .634

.313 .269 .651

- .470 .244 .222

- .548 .246 .119

- .313 .269 .651

- .468 .190 .069

- .086 .229 .982

- .292 .286 .738

.468 .190 .069

.382 .231 .352

.176 .288 .928

.086 .229 .982

- .382 .231 .352

- .206 .315 .914

.292 .286 .738

- .176 .288 .928

.206 .315 .914

- .484 .193 .063

- .043 .233 .998

- .014 .292 1.000

.484 .193 .063

.441 .236 .244

.470 .294 .381

.043 .233 .998

- .441 .236 .244

.029 .321 1.000

.014 .292 1.000

- .470 .294 .381

- .029 .321 1.000

- .332 .175 .233

.086 .211 .977

.117 .264 .971

.332 .175 .233

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C17

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C18 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C19 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C20 Consultant Main Contractor

Client

Academic

.853 - . 6 6 .35

.634 - . 7 5 .28

.651 - . 3 8 1.01

.222 -1 .10 .16

.119 -1 .19 .09

.651 -1 .01 .38

.069 - . 9 6 .02

.982 - . 6 8 .51

.738 -1 .03 .45

.069 - . 0 2 .96

.352 - . 2 2 .98

.928 - . 5 7 .92

.982 - . 5 1 .68

.352 - . 9 8 .22

.914 -1 .02 .61

.738 - . 4 5 1.03

.928 - . 9 2 .57

.914 - . 6 1 1.02

.063 - . 9 9 .02

.998 - . 6 5 .56

1.000 - . 7 7 .74

.063 - . 0 2 .99

.244 - . 1 7 1.05

.381 - . 2 9 1.23

.998 - . 5 6 .65

.244 -1 .05 .17

1.000 - . 8 0 .86

1.000 - . 7 4 .77

.381 -1 .23 .29

1.000 - . 8 6 .80

.233 - . 7 9 .12

.977 - . 4 6 .63

.971 - . 5 7 .80

.233 - . 1 2 .79

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C17

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C18 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C19 Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

C20 Consultant Main Contractor

Client

Academic

.35

.28

1.01

.16

.09

.38

.02

.51

.45

.96

.98

.92

.68

.22

.61

1.03

.57

1.02

.02

.56

.74

.99

1.05

1.23

.65

.17

.86

.77

.29

.80

.12

.63

.80

.79

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J) Std. Error

C20

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.332 .175 .233

.418 .214 .208

.450 .266 .331

- .086 .211 .977

- .418 .214 .208

.032 .291 1.000

- .117 .264 .971

- .450 .266 .331

- .032 .291 1.000

Tukey HSD

Tukey HSD

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Sig.

95% ...

Lower Bound

C20

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.233 - . 1 2 .79

.208 - . 1 4 .97

.331 - . 2 4 1.14

.977 - . 6 3 .46

.208 - . 9 7 .14

1.000 - . 7 2 .79

.971 - . 8 0 .57

.331 -1 .14 .24

1.000 - . 7 9 .72

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

C20

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.79

.97

1.14

.46

.14

.79

.57

.24

.72

Tukey HSD

Tukey HSD

Homogeneous Subsets

C1

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Academic

Main Contractor

Sig.

3 5 4.91

7 0 4.97

1 9 5.21

6 6 5.33

.365

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C2

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Main Contractor

Consultant

Sig.

3 5 5.74

1 9 5.84

6 6 5.92

7 0 6.00

.532

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C3

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.63

3 5 5.69

7 0 5.79

6 6 5.82

.842

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C4

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.58

3 5 5.69

7 0 5.79

6 6 5.97

.236

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C5

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Consultant

Main Contractor

Sig.

3 5 5.69

1 9 5.79

7 0 5.83

6 6 5.94

.578

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C6

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Academic

Main Contractor

Sig.

3 5 5.29

7 0 5.34

1 9 5.42

6 6 5.77

.191

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C7

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Main Contractor

Consultant

Sig.

1 9 5.32

3 5 5.46

6 6 5.59

7 0 5.70

.425

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C8

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

7 0 5.10

3 5 5.11

1 9 5.37

6 6 5.44

.570

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C9

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.32

3 5 5.60

7 0 5.67

6 6 5.82

.117

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C10

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Main Contractor

Client

Consultant

Sig.

1 9 5.95

6 6 5.97

3 5 6.00

7 0 6.03

.958

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C11

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.21

3 5 5.46

7 0 5.54

6 6 5.67

.215

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C12

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.32

3 5 5.37

7 0 5.49

6 6 5.67

.469

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C13

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Consultant

Main Contractor

Sig.

3 5 5.03

1 9 5.16

7 0 5.20

6 6 5.41

.480

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C14

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Academic

Main Contractor

Sig.

3 5 5.17

7 0 5.19

1 9 5.32

6 6 5.50

.585

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C15

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Consultant

Main Contractor

Sig.

3 5 5.26

1 9 5.37

7 0 5.49

6 6 5.80

.101

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C16

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Consultant

Main Contractor

Sig.

3 5 5.09

1 9 5.11

7 0 5.14

6 6 5.53

.352

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C17

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.32

3 5 5.63

7 0 5.79

6 6 5.86

.069

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C18

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

7 0 4.97

3 5 5.06

1 9 5.26

6 6 5.44

.278

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

C19

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Academic

Client

Main Contractor

Sig.

7 0 4.99

1 9 5.00

3 5 5.03

6 6 5.47

.265

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

C20

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Academic

Client

Consultant

Main Contractor

Sig.

1 9 5.37

3 5 5.40

7 0 5.49

6 6 5.82

.244

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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  RELIABILITY 
  /VARIABLES=C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C1
9 C20 
  /SCALE('ALL VARIABLES') ALL 
  /MODEL=ALPHA.

Reliability

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Matrix Input

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

07-FEB-2021 01:32:28

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

User-defined missing 
values are treated as 
missing.

Statistics are based on 
all cases with valid data 
for all variables in the 
procedure.

RELIABILITY
  /VARIABLES=C1 C2 
C3 C4 C5 C6 C7 C8 C9 
C10 C11 C12 C13 C14 
C15 C16 C17 C18 C19 
C20
  /SCALE('ALL 
VARIABLES') ALL
  /MODEL=ALPHA.

00:00:00.01

00:00:00.00

Scale: ALL VARIABLES
Page 1



ReliabilityScale: ALL VARIABLES

Case Processing Summary

N %

Cases Valid

Excludeda

Total

190 100.0

0 .0

190 100.0

Listwise deletion based on all variables in the procedure.a. 

Reliability Statistics

Cronbach's 
Alpha N of Items

.948 2 0

Page 2



     

  RELIABILITY 
  /VARIABLES=KPI_1 KPI_2 KPI_3 KPI_4 KPI_5 KPI_6 KPI_7 KPI_8 KPI_9 
  /SCALE('ALL VARIABLES') ALL 
  /MODEL=ALPHA.

Reliability

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Matrix Input

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

07-FEB-2021 01:33:05

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

User-defined missing 
values are treated as 
missing.

Statistics are based on 
all cases with valid data 
for all variables in the 
procedure.

RELIABILITY
  /VARIABLES=KPI_1 
KPI_2 KPI_3 KPI_4 KPI_5 
KPI_6 KPI_7 KPI_8 KPI_9
  /SCALE('ALL 
VARIABLES') ALL
  /MODEL=ALPHA.

00:00:00.00

00:00:00.00

Scale: ALL VARIABLES

Page 1



ReliabilityScale: ALL VARIABLES

Case Processing Summary

N %

Cases Valid

Excludeda

Total

190 100.0

0 .0

190 100.0

Listwise deletion based on all variables in the procedure.a. 

Reliability Statistics

Cronbach's 
Alpha N of Items

.804 9
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  RELIABILITY 
  /VARIABLES=KPI_1 KPI_2 KPI_3 KPI_4 KPI_5 KPI_6 KPI_7 KPI_8 KPI_9 C1 C2 C3 C4
 C5 C6 C7 C8 C9 C10 
    C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
  /SCALE('ALL VARIABLES') ALL 
  /MODEL=ALPHA.

Reliability

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Matrix Input

Missing Value Handling Definition of Missing

Cases Used

Syntax

07-FEB-2021 01:33:39

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

User-defined missing 
values are treated as 
missing.

Statistics are based on 
all cases with valid data 
for all variables in the 
procedure.

RELIABILITY
  /VARIABLES=KPI_1 
KPI_2 KPI_3 KPI_4 KPI_5 
KPI_6 KPI_7 KPI_8 KPI_9 
C1 C2 C3 C4 C5 C6 C7 
C8 C9 C10
    C11 C12 C13 C14 
C15 C16 C17 C18 C19 
C20
  /SCALE('ALL 
VARIABLES') ALL
  /MODEL=ALPHA.

00:00:00.00
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Reliability

Notes

Resources Processor Time

Elapsed Time

00:00:00.00

00:00:00.00

Scale: ALL VARIABLES

Case Processing Summary

N %

Cases Valid

Excludeda

Total

190 100.0

0 .0

190 100.0

Listwise deletion based on all variables in the procedure.a. 

Reliability Statistics

Cronbach's 
Alpha N of Items

.919 2 9

Page 2



     

  
MEANS TABLES=KPI_1 KPI_2 KPI_3 KPI_4 KPI_5 KPI_6 KPI_7 KPI_8 KPI_9 BY Organisa
tion_setup 
  /CELLS=MEAN STDDEV VAR.

Means

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

07-FEB-2021 01:34:26

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

For each dependent 
variable in a table, 
user-defined missing 
values for the 
dependent and all 
grouping variables are 
treated as missing.

Cases used for each 
table have no missing 
values in any 
independent variable, 
and not all dependent 
variables have missing 
values.

MEANS TABLES=KPI_1 
KPI_2 KPI_3 KPI_4 KPI_5 
KPI_6 KPI_7 KPI_8 KPI_9 
BY Organisation_setup
  /CELLS=MEAN 
STDDEV VAR.

00:00:00.01

00:00:00.00
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Means

Case Processing Summary

Cases

Included Excluded Total

N Percent N Percent N Percent

Cost predictability  * 
Organisation set-up

Time predictability  * 
Organisation set-up

Quality of the product  * 
Organisation set-up

Client satisfaction with the 
product  * Organisation 
set-up

Client satisfaction with the 
service  * Organisation 
set-up

Client satisfaction with the 
value of money  * 
Organisation set-up

Minimisation of defects at 
handover  * Organisation 
set-up

Perception of 
sustainability outcomes  * 
Organisation set-up

Health and safety 
performance during 
construction  * 
Organisation set-up

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%

190 100.0% 0 0.0% 190 100.0%
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Means

Report

Organisation set-up
Cost 

predictability
Time 

predictability
Quality of the 

product

Client 
satisfaction 

with the 
product

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.21 5.43 5.19 5.20 5.41

1.658 1.593 1.713 1.656 1.291

2.751 2.538 2.936 2.742 1.666

5.76 5.24 5.62 5.15 5.18

1.138 1.589 1.274 1.491 1.672

1.294 2.525 1.624 2.223 2.797

5.23 5.40 5.31 4.80 4.40

1.374 1.479 1.301 1.232 1.684

1.887 2.188 1.692 1.518 2.835

5.32 5.68 5.32 5.00 5.05

1.493 1.250 1.376 1.764 1.471

2.228 1.561 1.895 3.111 2.164

5.42 5.38 5.37 5.09 5.11

1.437 1.534 1.467 1.535 1.554

2.064 2.354 2.151 2.357 2.416

Page 3



Means

Report

Organisation set-up

Client 
satisfaction 

with the 
service

Client 
satisfaction 

with the value 
of money

Minimisation of 
defects at 
handover

Perception of 
sustainability 

outcomes

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.41 5.29 5.24 5.23 5.09

1.291 1.476 1.689 1.553 1.640

1.666 2.178 2.853 2.411 2.688

5.18 5.30 5.39 5.09 5.41

1.672 1.435 1.369 1.615 1.457

2.797 2.061 1.873 2.607 2.122

4.40 5.23 5.26 5.20 4.74

1.684 1.140 1.521 1.279 1.788

2.835 1.299 2.314 1.635 3.197

5.05 5.32 5.32 5.53 5.42

1.471 1.057 1.336 1.124 .961

2.164 1.117 1.784 1.263 .924

5.11 5.28 5.31 5.21 5.17

1.554 1.358 1.509 1.485 1.561

2.416 1.845 2.277 2.206 2.437
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Means

Report

Organisation set-up

Health and 
safety 

performance 
during 

construction

Consultant Mean

Std. Deviation

Variance

Main Contractor Mean

Std. Deviation

Variance

Client Mean

Std. Deviation

Variance

Academic Mean

Std. Deviation

Variance

Total Mean

Std. Deviation

Variance

5.09

1.640

2.688

5.41

1.457

2.122

4.74

1.788

3.197

5.42

.961

.924

5.17

1.561

2.437
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ONEWAY KPI_1 KPI_2 KPI_3 KPI_4 KPI_5 KPI_6 KPI_7 KPI_8 KPI_9 BY Organisation_s
etup 
  /MISSING ANALYSIS 
  /POSTHOC=TUKEY ALPHA(0.05).

Oneway

Notes

Output Created

Comments

Input Data

Active Dataset

Filter

Weight

Split File

N of Rows in Working 
Data File

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

07-FEB-2021 01:35:07

/Users/user/Desktop/U
oB-ME PhD 
Papers/008-XXX-
LeanIPD 
framework/SPSS26 
LeanIPD 
framework/LeanIPD 
framework survey.sav

DataSet1

<none>

<none>

<none>

190

User-defined missing 
values are treated as 
missing.

Statistics for each 
analysis are based on 
cases with no missing 
data for any variable in 
the analysis.

ONEWAY KPI_1 KPI_2 
KPI_3 KPI_4 KPI_5 KPI_6 
KPI_7 KPI_8 KPI_9 BY 
Organisation_setup
  /MISSING ANALYSIS
  /POSTHOC=TUKEY 
ALPHA(0.05).

00:00:00.06

00:00:00.00
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Oneway

ANOVA

Sum of 
Squares df Mean Square F

Cost predictability Between Groups

Within Groups

Total

Time predictability Between Groups

Within Groups

Total

Quality of the product Between Groups

Within Groups

Total

Client satisfaction with the 
product

Between Groups

Within Groups

Total

Client satisfaction with the 
service

Between Groups

Within Groups

Total

Client satisfaction with the 
value of money

Between Groups

Within Groups

Total

Minimisation of defects at 
handover

Between Groups

Within Groups

Total

Perception of 
sustainability outcomes

Between Groups

Within Groups

Total

Health and safety 
performance during 
construction

Between Groups

Within Groups

Total

11.969 3 3.990 1.962 .121

378.184 186 2.033

390.153 189

3.183 3 1.061 .447 .720

441.769 186 2.375

444.953 189

6.704 3 2.235 1.040 .376

399.764 186 2.149

406.468 189

4.194 3 1.398 .589 .623

441.285 186 2.372

445.479 189

24.528 3 8.176 3.519 .016

432.151 186 2.323

456.679 189

.151 3 .050 .027 .994

348.502 186 1.874

348.653 189

.875 3 .292 .126 .944

429.420 186 2.309

430.295 189

2.860 3 .953 .428 .733

414.134 186 2.227

416.995 189

11.853 3 3.951 1.638 .182

448.758 186 2.413

460.611 189
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Oneway

ANOVA

Sig.

Cost predictability Between Groups

Within Groups

Total

Time predictability Between Groups

Within Groups

Total

Quality of the product Between Groups

Within Groups

Total

Client satisfaction with the 
product

Between Groups

Within Groups

Total

Client satisfaction with the 
service

Between Groups

Within Groups

Total

Client satisfaction with the 
value of money

Between Groups

Within Groups

Total

Minimisation of defects at 
handover

Between Groups

Within Groups

Total

Perception of 
sustainability outcomes

Between Groups

Within Groups

Total

Health and safety 
performance during 
construction

Between Groups

Within Groups

Total

.121

.720

.376

.623

.016

.994

.944

.733

.182

Post Hoc Tests
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J)

Cost predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Time predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Quality of the product Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

- .543 .245

- .014 .295

- .102 .369

.543 .245

.529 .298

.442 .371

.014 .295

- .529 .298

- .087 .406

.102 .369

- .442 .371

.087 .406

.186 .264

.029 .319

- .256 .399

- .186 .264

- .158 .322

- .442 .401

- .029 .319

.158 .322

- .284 .439

.256 .399

.442 .401

.284 .439

- .435 .252

- .129 .303

- .130 .379

.435 .252

.307 .307

.305 .382

.129 .303

- .307 .307

- .002 .418

.130 .379

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Std. Error Sig.

Cost predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Time predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Quality of the product Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.245 .121 -1 .18

.295 1.000 - . 7 8

.369 .993 -1 .06

.245 .121 - . 0 9

.298 .289 - . 2 4

.371 .634 - . 5 2

.295 1.000 - . 7 5

.298 .289 -1 .30

.406 .996 -1 .14

.369 .993 - . 8 5

.371 .634 -1 .40

.406 .996 - . 9 7

.264 .895 - . 5 0

.319 1.000 - . 8 0

.399 .918 -1 .29

.264 .895 - . 8 7

.322 .961 - . 9 9

.401 .689 -1 .48

.319 1.000 - . 8 6

.322 .961 - . 6 8

.439 .916 -1 .42

.399 .918 - . 7 8

.401 .689 - . 6 0

.439 .916 - . 8 5

.252 .310 -1 .09

.303 .974 - . 9 2

.379 .986 -1 .11

.252 .310 - . 2 2

.307 .749 - . 4 9

.382 .854 - . 6 8

.303 .974 - . 6 6

.307 .749 -1 .10

.418 1.000 -1 .08

.379 .986 - . 8 5

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% ...

Lower Bound

Cost predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Time predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Quality of the product Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

-1 .18 .09

- . 7 8 .75

-1 .06 .85

- . 0 9 1.18

- . 2 4 1.30

- . 5 2 1.40

- . 7 5 .78

-1 .30 .24

-1 .14 .97

- . 8 5 1.06

-1 .40 .52

- . 9 7 1.14

- . 5 0 .87

- . 8 0 .86

-1 .29 .78

- . 8 7 .50

- . 9 9 .68

-1 .48 .60

- . 8 6 .80

- . 6 8 .99

-1 .42 .85

- . 7 8 1.29

- . 6 0 1.48

- . 8 5 1.42

-1 .09 .22

- . 9 2 .66

-1 .11 .85

- . 2 2 1.09

- . 4 9 1.10

- . 6 8 1.29

- . 6 6 .92

-1 .10 .49

-1 .08 1.08

- . 8 5 1.11

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

Cost predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Time predictability Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Quality of the product Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

.09

.75

.85

1.18

1.30

1.40

.78

.24

.97

1.06

.52

1.14

.87

.86

.78

.50

.68

.60

.80

.99

.85

1.29

1.48

1.42

.22

.66

.85

1.09

1.10

1.29

.92

.49

1.08

1.11

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J)

Quality of the product

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
product

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
service

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
value of money

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.130 .379

- .305 .382

.002 .418

.048 .264

.400 .319

.200 .398

- .048 .264

.352 .322

.152 .401

- .400 .319

- .352 .322

- .200 .439

- .200 .398

- .152 .401

.200 .439

.232 .262

1.014 * .316

.362 .394

- .232 .262

.782 .319

.129 .397

-1 .014 * .316

- .782 .319

- .653 .434

- .362 .394

- .129 .397

.653 .434

- .017 .235

.057 .283

- .030 .354

.017 .235

.074 .286

- .013 .356

- .057 .283

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Std. Error Sig.

Quality of the product

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
product

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
service

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
value of money

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

.379 .986 - . 8 5

.382 .854 -1 .29

.418 1.000 -1 .08

.264 .998 - . 6 4

.319 .593 - . 4 3

.398 .959 - . 8 3

.264 .998 - . 7 3

.322 .695 - . 4 8

.401 .982 - . 8 9

.319 .593 -1 .23

.322 .695 -1 .19

.439 .968 -1 .34

.398 .959 -1 .23

.401 .982 -1 .19

.439 .968 - . 9 4

.262 .811 - . 4 5

.316 .008 .20

.394 .796 - . 6 6

.262 .811 - . 9 1

.319 .071 - . 0 4

.397 .988 - . 9 0

.316 .008 -1 .83

.319 .071 -1 .61

.434 .438 -1 .78

.394 .796 -1 .38

.397 .988 -1 .16

.434 .438 - . 4 7

.235 1.000 - . 6 3

.283 .997 - . 6 8

.354 1.000 - . 9 5

.235 1.000 - . 5 9

.286 .994 - . 6 7

.356 1.000 - . 9 4

.283 .997 - . 7 9

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% ...

Lower Bound

Quality of the product

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
product

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
service

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
value of money

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

- . 8 5 1.11

-1 .29 .68

-1 .08 1.08

- . 6 4 .73

- . 4 3 1.23

- . 8 3 1.23

- . 7 3 .64

- . 4 8 1.19

- . 8 9 1.19

-1 .23 .43

-1 .19 .48

-1 .34 .94

-1 .23 .83

-1 .19 .89

- . 9 4 1.34

- . 4 5 .91

.20 1.83

- . 6 6 1.38

- . 9 1 .45

- . 0 4 1.61

- . 9 0 1.16

-1 .83 - . 2 0

-1 .61 .04

-1 .78 .47

-1 .38 .66

-1 .16 .90

- . 4 7 1.78

- . 6 3 .59

- . 6 8 .79

- . 9 5 .89

- . 5 9 .63

- . 6 7 .82

- . 9 4 .91

- . 7 9 .68

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

Quality of the product

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
product

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
service

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Client satisfaction with the 
value of money

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

1.11

.68

1.08

.73

1.23

1.23

.64

1.19

1.19

.43

.48

.94

.83

.89

1.34

.91

1.83

1.38

.45

1.61

1.16

- . 2 0

.04

.47

.66

.90

1.78

.59

.79

.89

.63

.82

.91

.68

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J)

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Minimisation of defects at 
handover

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Perception of 
sustainability outcomes

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Health and safety 
performance during 
construction

Consultant Main Contractor

Client

Academic

- .057 .283

- .074 .286

- .087 .390

.030 .354

.013 .356

.087 .390

- .151 .261

- .014 .315

- .073 .393

.151 .261

.137 .318

.078 .396

.014 .315

- .137 .318

- .059 .433

.073 .393

- .078 .396

.059 .433

.138 .256

.029 .309

- .298 .386

- .138 .256

- .109 .312

- .435 .388

- .029 .309

.109 .312

- .326 .425

.298 .386

.435 .388

.326 .425

- .323 .267

.343 .322

- .335 .402

.323 .267

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Std. Error Sig.

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Minimisation of defects at 
handover

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Perception of 
sustainability outcomes

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Health and safety 
performance during 
construction

Consultant Main Contractor

Client

Academic

.283 .997 - . 7 9

.286 .994 - . 8 2

.390 .996 -1 .10

.354 1.000 - . 8 9

.356 1.000 - . 9 1

.390 .996 - . 9 2

.261 .938 - . 8 3

.315 1.000 - . 8 3

.393 .998 -1 .09

.261 .938 - . 5 2

.318 .973 - . 6 9

.396 .997 - . 9 5

.315 1.000 - . 8 0

.318 .973 - . 9 6

.433 .999 -1 .18

.393 .998 - . 9 5

.396 .997 -1 .10

.433 .999 -1 .06

.256 .950 - . 5 3

.309 1.000 - . 7 7

.386 .867 -1 .30

.256 .950 - . 8 0

.312 .985 - . 9 2

.388 .677 -1 .44

.309 1.000 - . 8 3

.312 .985 - . 7 0

.425 .869 -1 .43

.386 .867 - . 7 0

.388 .677 - . 5 7

.425 .869 - . 7 8

.267 .619 -1 .01

.322 .710 - . 4 9

.402 .838 -1 .38

.267 .619 - . 3 7

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% ...

Lower Bound

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Minimisation of defects at 
handover

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Perception of 
sustainability outcomes

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Health and safety 
performance during 
construction

Consultant Main Contractor

Client

Academic

- . 7 9 .68

- . 8 2 .67

-1 .10 .92

- . 8 9 .95

- . 9 1 .94

- . 9 2 1.10

- . 8 3 .52

- . 8 3 .80

-1 .09 .95

- . 5 2 .83

- . 6 9 .96

- . 9 5 1.10

- . 8 0 .83

- . 9 6 .69

-1 .18 1.06

- . 9 5 1.09

-1 .10 .95

-1 .06 1.18

- . 5 3 .80

- . 7 7 .83

-1 .30 .70

- . 8 0 .53

- . 9 2 .70

-1 .44 .57

- . 8 3 .77

- . 7 0 .92

-1 .43 .78

- . 7 0 1.30

- . 5 7 1.44

- . 7 8 1.43

-1 .01 .37

- . 4 9 1.18

-1 .38 .71

- . 3 7 1.01

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Minimisation of defects at 
handover

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Perception of 
sustainability outcomes

Consultant Main Contractor

Client

Academic

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

Health and safety 
performance during 
construction

Consultant Main Contractor

Client

Academic

.68

.67

.92

.95

.94

1.10

.52

.80

.95

.83

.96

1.10

.83

.69

1.06

1.09

.95

1.18

.80

.83

.70

.53

.70

.57

.77

.92

.78

1.30

1.44

1.43

.37

1.18

.71

1.01

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up
Mean 

Difference (I-J)

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.323 .267

.666 .325

- .012 .404

- .343 .322

- .666 .325

- .678 .443

.335 .402

.012 .404

.678 .443

Tukey HSD

Tukey HSD

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up Std. Error Sig.

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

.267 .619 - . 3 7

.325 .173 - . 1 8

.404 1.000 -1 .06

.322 .710 -1 .18

.325 .173 -1 .51

.443 .420 -1 .83

.402 .838 - . 7 1

.404 1.000 -1 .04

.443 .420 - . 4 7

Tukey HSD

Tukey HSD
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OnewayPost Hoc Tests

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% ...

Lower Bound

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

- . 3 7 1.01

- . 1 8 1.51

-1 .06 1.04

-1 .18 .49

-1 .51 .18

-1 .83 .47

- . 7 1 1.38

-1 .04 1.06

- . 4 7 1.83

Tukey HSD

Tukey HSD

Multiple Comparisons

Tukey HSDTukey HSDTukey HSD

Dependent Variable (I) Organisation set-up (J) Organisation set-up

95% Confidence ...

Upper Bound

Main Contractor Consultant

Client

Academic

Client Consultant

Main Contractor

Academic

Academic Consultant

Main Contractor

Client

1.01

1.51

1.04

.49

.18

.47

1.38

1.06

1.83

Tukey HSD

Tukey HSD

The mean difference is significant at the 0.05 level.*. 

Homogeneous Subsets
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OnewayPost Hoc TestsHomogeneous Subsets

Cost predictability

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

7 0 5.21

3 5 5.23

1 9 5.32

6 6 5.76

.370

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

Time predictability

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Main Contractor

Client

Consultant

Academic

Sig.

6 6 5.24

3 5 5.40

7 0 5.43

1 9 5.68

.616

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

Quality of the product

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

7 0 5.19

3 5 5.31

1 9 5.32

6 6 5.62

.588

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

Client satisfaction with the product

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Academic

Main Contractor

Consultant

Sig.

3 5 4.80

1 9 5.00

6 6 5.15

7 0 5.20

.687

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

Client satisfaction with the service

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for alpha = 0.05

1 2

Client

Academic

Main Contractor

Consultant

Sig.

3 5 4.40

1 9 5.05 5.05

6 6 5.18 5.18

7 0 5.41

.132 .744

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

Client satisfaction with the value of 
money

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Main Contractor

Academic

Sig.

3 5 5.23

7 0 5.29

6 6 5.30

1 9 5.32

.993

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

Minimisation of defects at 
handover

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Consultant

Client

Academic

Main Contractor

Sig.

7 0 5.24

3 5 5.26

1 9 5.32

6 6 5.39

.975

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 

Perception of sustainability 
outcomes

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Main Contractor

Client

Consultant

Academic

Sig.

6 6 5.09

3 5 5.20

7 0 5.23

1 9 5.53

.602

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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OnewayPost Hoc TestsHomogeneous Subsets

Health and safety performance 
during construction

Tukey HSDa,bTukey HSDa,bTukey HSDa,b

Organisation set-up N

Subset for 
alpha = 0.05

1

Client

Consultant

Main Contractor

Academic

Sig.

3 5 4.74

7 0 5.09

6 6 5.41

1 9 5.42

.251

Tukey HSDa,bTukey HSDa,b

Means for groups in homogeneous subsets are 
displayed.

Uses Harmonic Mean Sample Size = 36.153.a. 

The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels 
are not guaranteed.

b. 
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