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Abstract 
 

The UK construction industry outlined construction problems related to delivering values to 

clients and construction performance. UK industry reports aimed to address various problems 

and provide milestones on how to tackle such problems, through setting a set of improvement 

targets to the industry, known as Key Performance Indicators (KPIs). A set of targets were 

addressed to achieve by 2025 that includes Building Information Modelling (BIM). The UK 

government mandated the usage of Level 2 BIM across the construction industry in 2016, which 

was superseded by the BS EN ISO19650 standards in 2019. This research aimed to develop a BIM 

Maturity-KPI assessment framework for the UK public sector local authority client to assess BIM 

adoption in line with the UK construction strategy.  

The research was conducted with a case study through workshops to develop a BIM maturity 

assessment. This was followed by conducting interviews to investigate levels of BIM maturity and 

KPI metrics adoptions in the UK client sector, to fill out the BIM maturity assessment, to establish 

potential relationships with KPI metrics, and propose any further KPI metrics to be considered. 

This was further examined through a questionnaire survey to statistically examine the 

relationships of BIM maturity and KPI metrics.  

A 3-level BIM maturity assessment (Awareness, Occasional Application, Consistency) for 3 

organisational levels (Strategic, Implementation, Operational) was proposed. 10 standardised KPI 

metrics (Cost, Time, Quality, Satisfaction, Health and Safety, Performance, Profitability, 

Productivity, Sustainability, and Collaborative Culture) were delivered. The KPI metrics 

relationship with BIM maturity were assessed through a 4-level relationship (No relationship, 

Weak, Medium, Strong). The findings indicated that there was a relationship that existed 

between the BIM maturity and KPI metrics. 

The research proposed a final BIM Maturity-KPI assessment framework to the UK client sector. 

Finally, the research provided the UK client sector with an overview on the existing BIM maturity 

and KPI metrics, and how they can both be linked together. 
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1.1 Introduction 
 

This chapter aims to provide a brief background to the research topic and elicit the key topic 

areas that shall be explored in this research. Problems associated to this research, such as lack of 

client demand, absence of understanding to BIM and how it is being implemented across the UK 

will be highlighted and justification to the need of proposing a BIM maturity and KPI assessment 

framework to tackle such existing problems and enhance overall performance of the UK 

construction industry will be discussed in brief detail. The aim and objectives in addressing the 

research problems and justifications will be provided, and questions that the research will 

address related to understanding BIM maturity and KPI metrics, how they will both be linked, 

and the benefits that they could offer to the client sector will be presented. The scope of the 

research related to public sector local authority client, UK construction KPIs, Level 2 BIM and the 

new UK specific BS EN ISO19650 standards will be outlined, the methodological approach of this 

research will be highlighted to outline the adopted methods for this research, and the overall 

structure of the thesis and the research process will be given at the end of the chapter that 

represents a starting point to this research.  

1.2 Research background  
 

The UK economy is strongly influenced by the construction industry, which was evident from the 

first growth review by the government published in 2011 (Greaves, 2008). According to the latest 

statistics, in 2019, the construction sector contributed £117 billion to the UK economy, equating 

to 6% of the total economic output (Office for National Statistics, 2019). Previous reports have 

noted that addressing existing problems within the UK construction industry would enable the 

delivery of value to clients. The set of reports covers the context of the UK construction industry 

and are all demanding change; indeed, some were reviewed during the time period 1934-2021 

(Design buildings wiki, 2019; Gruneberg, 2018; Murray and Langford, 2003). These reports have 

addressed key issues related to fragmentation, lowest cost mentality, and the need for a high 

drive to change. They offered ways to overcome problems related to performance, profitability, 

productivity and predictability to name a few areas. Nevertheless, additional problems have 

emerged in recent years (Mckinsey, 2017; 2018) that relate to low productivity.  

Building on previous reports, there has been a greater emphasis on Building Information 

Modelling (BIM) and digital transformation, and more focus on issues related to collaboration, 

modernisation, health and safety, apprenticeships, digitisation, and whole life cycle 

performance, thus the need to adopt BIM in order to tackle issues that existed in the UK 

construction industry (Farmer, 2016; HM government. 2017, 2018, 2020a, 2020b, Mckinsey, 
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2020), and the need to adopt the UK BIM framework across one of the government 14 policies 

(Further embedded digital technologies) to use the UK BIM Framework to support the adoption 

of the Information Management Framework (HM government. 2020c). The concept of BIM 

emerged as a subset of computer-aided design (CAD) software; this replaced manually generated 

2D drawings (AbuEbeid and Nielsen, 2020; Akdag and Maqsood, 2019). From this, Architecture 

Engineering and Construction (AEC) progressed from using sketch boards to illustrate 

architectural drawings, to instead present drawings via technological software through 

computer-aided drafting and design (CADD) systems. The reduction to public sector costs was a 

key approach following these reports through a set of construction strategy actions for 

implementation by 2025 (HM government. 2013). This involved attaining growth opportunities 

for the construction market of up to 70% (Leadership), whilst 50% derive from the following 

actions: improvement in exports (growth), lower emissions (sustainable), and faster deliver 

(smart), and 33% lower costs (people). These were the major actions set by the government 

strategy for the UK to achieve by 2025 (HM Government. 2013).  

The UK Construction Strategy considered that the main development challenge for BIM 

was the implementation process, which the government subsequently mandated on all public 

sector construction projects from April 2016 onwards (Greaves, 2008). The mandate was 

established to recognise how could BIM change the project process by transforming the whole 

industry (Haron, 2013). Therefore, the UK government imposed a mandate to implementing 

Level 2 BIM on their UK projects by 2016 (HM Government. 2012). Level 2 BIM has been defined 

as: “A series of domain and collaborative federated models, and the models consists of both 3D 

geometrical and non-graphical data, and are prepared by different parties during the project life-

cycle” (BIM level 2. 2016; BIM Task Group, 2013; NBS, 2016). The BS EN ISO19650 is an 

international set of standards, which defines the collaborative processes for effective 

information management throughout the asset delivery and operational phase in the use of BIM. 

There has been a transition from Level 2 BIM to the new BS EN ISO19650 standards (UK BIM 

framework, 2019a, b). Although BIM has grown rapidly within the UK, other studies have 

identified complications associated with such growth. It has been stated that, as it was 

understood in different ways, this resulted in lack of a recognition and appreciation for BIM 

throughout the UK construction industry (Underwood, 2010). To overcome such challenges, a 

measurement process to help resolve some of these existing challenges in the UK was 

introduced, called “BIM maturity”, which conceptualised a set of advancements in terms of 

capability and performance in relation to its application. These advancements were based on 
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degrees of accomplishment, and characterised by “the extent to which a specific process is 

explicitly defined, managed, measured, controlled, and effective” (Paulk, Curtis, Chrissis, & 

Weber, 1993, p. 9). Moreover, BIM maturity models have emerged from numerous research 

studies. A fundamental reason for, and the significance of, BIM maturity relies on the capability 

to measure the effectiveness of BIM capabilities. This would enable reflection on the impact of 

the government mandate and prompt an examination of the level of BIM project success across 

the UK. The UK Government outlined a set of targets that directed the focus on the introduction 

to digital transformation and BIM, and Key Performance Indicator (KPI) measures (Egan, 1998; 

Latham, 1994; HM. Government. 2011; 2016; Wolstenholme, 2009).  

Targeted enhancements were projected, which lead to the appearance of KPIs that intended to 

deliver overall improvements in the UK construction industry (Wolstenholme, 2009). Although 

the overall measures and success of project performance related to cost, time, and quality, other 

assessments have also been considered that differ from one place to another, such as safety and 

performance. BIM maturity focuses on maturity assessments, and construction performance 

measurements; however, in order to demonstrate the value and benefit of KPIs and establish 

potential enhancements, it is vital to link BIM maturity with KPIs (Ashworth and Tucker, 2018; 

Badrinath et al., 2019; Khanzadi et al., 2019; Shin et al., 2015; Wong et al., 2016).  

Methods have been presented to enable the combination of BIM maturity and KPI metrics by 

signifying how they can function together in the construction industry. Although there are 

potential strengths from combining these, very few publications have mentioned the linkages 

that may occur (Ashworth and Tucker, 2018; Badrinath et al., 2019; Coates et al., 2010; Hassan, 

2012; Manzione et al., 2011). Although the aforementioned publications address the potential 

links of BIM maturity and KPI metrics, none have addressed the linkage of BIM maturity and KPIs 

for the client sector and according to the new BS EN ISO19650 standards.  

Although there have been previous attempts to link BM maturity and KPI metrics, however, there 

has been a lack of understanding on what BIM maturity and KPI metrics are, which has led to an 

absence of a standardised linkage between BIM maturity and KPI metrics to recognise the 

benefits that could influence the overall performance of the UK construction industry. Therefore, 

this suggests no attempt of a standardised linkage between BIM maturity and KPI metrics, and 

since there has been an absence of a standardised linkage between BIM maturity and KPI metrics, 

this suggests a current knowledge gap; therefore this research will explore the potential ways to 

link BIM maturity and KPI metrics together and how both could operate together; such as the 
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strength of relationships and if they move in the same direction (BIM maturity increase/decrease 

vs KPI increase/decrease) or different direction. 

1.3 Problem Statement/Research Gap  

 

A number of publications exist on how to support the implementation of BIM within stakeholder 

construction organisations. However, a lack of client demand and a lack of training represent 

some existing problems in implementing BIM in the UK construction industry (Arayici, Egbu, & 

Coates, 2012; Azhar et al., 2008; Khosrowshahi & Arayici, 2012; Smith & Tardiff, 2009; Yan & 

Damian, 2008). The NBS reports (2019, 2020, 2021) indicated that there is no client demand for 

BIM, unlike other disciplines (such as consultants and contractors), and thus BIM implementation 

is still far from the client’s priority. They face obstacles in deciding whether to implement BIM, 

which are mostly influenced by their limited understanding as to the expected benefits for them 

(NBS. 2020). Furthermore, there is no clear view on where BIM could deliver benefits to the client 

during its project lifecycle, which is the result of this lack of understanding; thus the client is not 

clear what some of the challenges could be, and what values BIM could offer the client (AbuEbeid 

and Nielsen; 2020; Blay et al., 2019; Cousins and Knutt, 2017). Clients across the construction 

industry have widely recognised the barriers to BIM implementation and acceptance. This is due 

to the lack of clarity as to the benefits of BIM to clients, which contrasts with the understanding 

amongst other construction industry stakeholders (AbuEbeid and Nielsen; 2020).  

Although the governmental mandate imposed the implementation of Level 2 BIM on 

governmental projects by 2016 (HM Government. 2012) and the increase to levels of BIM 

adoption over time (NBS. 2021), results have shown that there is no standardised definition to 

Level 2 BIM leading to a confusion on how to adopt Level 2 BIM (Winfield, 2018), and results have 

also shown that there are still issued related to people’s understanding and industry’s issues 

revolving around Information Management using BIM (Kemp, 2020, Winfield, 2020; UK BIM 

Alliance. 2020). Limited awareness and low adoption results from the slow uptake and low 

adaptation of BIM to different UK disciplines. Thus, although BIM maturity exists, it is not 

currently at Level 2 BIM, and few benefits are realised and demonstrated to clients. Therefore, 

the relationship between BIM maturity and benefits is still unclear and requires more attention  

Kassem & Li, 2020). The recent approach of BIM under the new BS EN ISO19650 standards has 

led to some confusion on the differences between this and Level 2 BIM and how this transition 

would occur; this may impact the UK’s vision in terms of adopting BIM in recent years and the 

clients understanding to the new standards (NBS, 2021; UK BIM framework. 2019b). 

KPIs have previously existed but presented in various ways to organisations; this has meant that 

there is no standard list of KPIs available for the UK construction industry (Parmenter, 2019, 
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2020) and difficulties to measure them (Cox et al., 2003). Moreover, misconceptions exist 

concerning the definition of BIM maturity and KPI metrics, and the ways they function within the 

UK industry. This has resulted in unsuccessful approaches to combine them in order to extract 

benefits that positively influence overall performance of the UK industry (Aboumoemen, 2016; 

Aboumoemen and Underwood, 2017, 2019).  

Although there have been previous attempts to link BIM maturity and KPI metrics together 

through an assessment (Ashworth and Tucker, 2018; Badrinath et al., 2019; Coates et al., 2010; 

Manzione et al., 2011; MoJ. 2016; Mom and Hsieh, 2012; Ozorhon and Karahan, 2016; Park et 

al., 2013; Sarkar et al., 2015; Sebastian and Berlo, 2010; Smits et al., 2016; Wong et al., 2016), 

there has been a lack of understanding to what BIM maturity and KPI metrics are, which has 

resulted in an absence of a standardised linkage between BIM maturity and KPI metrics to 

recognise the benefits that could influence the overall performance of the construction industry. 

As a result, there has been no attempt to deliver a generalised usage of BIM maturity and KPI 

metrics for use within assessments.  

Therefore, the essential aim of this research is to separately identify the levels of BIM adoption 

and KPIs, in order to deliver a generalised list of KPI metrics for use by clients within the UK 

construction industry, and to propose a BIM maturity and KPI linkage through an assessment 

framework that will be validated and examined by the UK construction industry clients. 

1.4 Justification/Rationale and significance of research 

 

Reasons for the barriers to BIM implementation by clients exist across the industry, and are 

attributed to the lack of definition regarding the benefits; this contrasts with other stakeholders 

within the construction industry who have far greater clarity (Azhar, 2011; Barlish and Sullivan, 

2012; Bryde et al., 2013; Yan and Damian, 2008). Thus, it is vital to address the BIM requirements 

that could positively impact on construction industry clients. BIM has been presented differently, 

which has resulted in limited awareness and its slow uptake amongst UK disciplines; hence, the 

concept of BIM maturity was developed to assess organisational capabilities and measure its 

adoption to allow people to assess their position. This would help to outline the benefits 

identified from the BIM maturity concept across organisations (Dakhil, 2017; Kassem & Li, 2020; 

Mahamadu, 2017; Marsh, 2017; Smits et al., 2016; Wong et al., 2015). The adoption of a maturity 

model would present BIM benefits to users, which can be simplified and tailored to achieve such 

positive outcomes (Azzouz et al., 2016b; Dakhil, 2017; Giel and Issa, 2013c; Kassem & Li, 2020; 

Nepal et al., 2014; Succar, 2010a); therefore, it is essential to address BIM maturity. The usage 

of the new BS EN ISO 19650 standards reflects back on the UK strategy highlighted in the 



7 | P a g e  
 

Construction Playbook (HM government. 2020c) across one of their policies (Further embedded 

digital technologies), which indicates the need from local authorities to use the UK BIM 

Framework to standardise the approach to generate and classify data, data security and data 

exchange, and to support the adoption of the Information Management Framework. The 

adoption of the UK BIM framework will improve the performance, sustainability and value for 

money of projects and programmes. Hence, it is essential that this research would address the 

key aspects of the UK BIM framework and ensure that the proposed assessment would adopt the 

information addressed across the UK BIM framework, and this further justifies the need to 

develop the proposed BIM maturity/KPI assessment that follows the new standards based on the 

UK government strategy. 

Moreover, KPIs have been presented differently across diverse projects and organisations with 

varying levels of achievement, as a measure of a process that is critical to the success of an 

organisation (Parmenter, 2020; Peterson, 2006). By linking BIM maturity and KPI metrics 

together, this would help to demonstrate the benefits that could be expected by clients in 

enhancing the overall performance of projects within the UK construction industry and upskilling 

the users from one level to another. Furthermore, the usage of KPIs would help to realise 

potential impacts on the overall performance of projects and organisations. A limited number of 

publications exist that report the possible links between implementing BIM maturity across the 

most used KPI metrics on construction projects (Aboumoemen and Underwood, 2017,2019; 

Ashworth and Tucker, 2018; Badrinath et al., 2019; Coates et al., 2010; Khanzadi et al., 2019; 

MoJ. 2016; Ozorhon and Karahan, 2016). Although BIM maturity and KPI metrics were previously 

linked, no clearly defined relationship yet exists between BIM maturity and KPI metrics for the 

UK client sector. Hence this research reviews various BIM maturity metrics to support the 

delivery of a standardised set of such metrics. It will also review previously developed KPI metrics 

to support the provision of a standardised set, in which both BIM maturity and KPI metrics will 

be used to examine their potential relationship and assess how this would reflect on the 

performance of construction projects. Together, this will develop a BIM Maturity-KPI assessment 

framework to determine the level of BIM maturity and adoption in accordance with the UK 

strategy, how linking BIM maturity and KPI metrics would enhance the performance of 

construction projects across the sector, and examine its applicability amongst the UK 

construction industry clients.  
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1.5 Research Aim and Objectives 
 

This research aims “to develop a BIM Maturity-KPI assessment framework for the UK public sector 

local authority client to assess BIM adoption in line with the UK construction strategy.” 

The following objectives will help to achieve this aim:  
 

1) To determine the Building Information Modelling (BIM) approach, its relevance to the client 

sector, and its level of adoption across the construction industry, both globally and within the 

UK specifically. 

2) To establish key principles of BIM maturity and evaluate existing BIM assessment frameworks, 

models, and tools to understand the principles of existing industry key performance metrics 

and indicators. 

3) To evaluate existing combined BIM-KPI assessment methods, models and tools, and establish 

the main drivers, barriers and challenges of BIM maturity and KPIs for the UK construction 

strategy. 

4) To develop a BIM maturity-KPI assessment framework for a UK public sector local authority 

construction industry client. 

5) To examine the relationships between the proposed BIM maturity and the KPIs. 

6) To evaluate and propose a final BIM maturity-KPI assessment framework for the UK public 

sector local authority construction industry client. 

1.6 Research Questions 
 

The research will answer the following questions being associated with the aim and objectives: 

1. What does BIM maturity mean and what does it measure? How could BIM maturity support / 

facilitate BIM implementation? 

2. How are the Key Performance Indicators approached by the construction industry? What do 

they measure and which criteria do they follow? 

3. Is there a link between BIM maturity and KPIs as a measure of the benefits of adopting BIM? 

If so, how can linking BIM maturity and KPIs provide a measure of BIM adoption and support 

BIM implementation? 

4. Can the proposed BIM maturity-KPI linkage benefit the UK public sector local authority client? 

If so, to what extent could the linkage reflect on the UK construction industry client? 

1.7 Scope of this research 
 

A client’s role with the BIM implementation process, namely to develop the requirements and 

validate information across the UK industry, is identified within the research. The UK public sector 

local authority client, UK construction KPIs, Level 2 BIM and the new UK specific BS EN ISO19650 
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standards are the main scope of this research.  These will help to identify the potential linkage of 

BIM maturity and KPI metrics through a proposed framework, which will be presented to the UK 

public sector local authority client.  This framework will measure BIM maturity by realising the 

benefits and determining the impact on the overall performance of UK construction industry 

clients by delivering a proposed list of standardised KPI metrics that are linked with a proposed 

list of standardised BIM maturity metrics. This research will only be conducted with UK clients 

concerning BIM; moreover, it will only focus on Level 2 BIM and BS EN ISO19650 standards. 

However, a set of BIM standards are becoming adopted globally, which presents a potential 

spread of BIM adoption across the globe. 

1.8 Research Methodology- adopted research methods 
 

The adopted research methodological model for this research is the Research Onion, developed 

by Saunders, Lewis, and Thornhill (2019) which represents six layers of a research methodology. 

The adopted research studies that links back to the research onion layers are a combination of 

Exploratory and Explanatory studies. The ontological position for this research is a mix of 

Objective and Subjective stance. The adopted epistemological position is Pragmatism that links 

back to the mix of both the objective and subjective stances in demonstrating a potential 

relationship between BIM maturity and KPI metrics. The adopted axiological position that links 

back to the ontological mix of Objective and Subjective stance and the epistemological Pragmatic 

philosophical stance is a Value-driven position. The adopted research approach will be 

Abductive. The adopted research methodological choice position shall be Sequential Mixed 

Method. The adopted research strategy position will be Single Embedded Case Study. The 

adopted time horizon will be Cross-sectional. The adopted data collection techniques and the 

data analysis for each technique are as follows: 1) Focus group workshops, where the data will 

be analysed through filling out the proposed BIM maturity assessment across three 

organisational levels (Strategic, Implementation, Operational) and through three maturity levels 

(Awareness, Occasional Application, Consistency). 2) Semi structured interviews, where the data 

will be analysed by the usage of, a) Thematic analysis, and b) Content analysis. 3) Online 

questionnaire, where the data will be analysed by the usage of a) Descriptive statistics, which 

will deliver results (Frequencies and Mean) of the BIM maturity levels and the strength of 

relationships between BIM maturity and KPI metrics, and b) Inferential statistics, which will 

deliver results [i) Chi Square test of relationship, ii) Kruskal Wallis test of independence, iii) 

Spearman Correlation, and iv) Linear Regression)] of the relationship between BIM maturity and 

KPI metrics. The next section will present the overall structure of the report.  
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1.9 Structure of the thesis  
 

The thesis is structured within ten chapters, which are as follows: 

Chapter 1: provides an introduction to this research, including the research gap and significance 

of the study. The research aim and objectives have been outlined, an overview of the research 

scope has been given and a brief summary of the thesis structure. 

Chapter 2: defines the government’s involvement within UK construction, and the historical 

reports that were used to identify the nature of the industry, drive for digital transformation, lack 

of/slow adoption/realisation of the benefits, to help develop the essence of BIM maturity and 

KPI metrics. This provides a critical literature review that is relevant to this research in terms of 

BIM and KPI adoptions. This includes in depth discussions on the UK construction industry, 

clients’ roles, the approach to BIM generally and Level 2 BIM specifically, the benefits and 

challenges of BIM, the transition from Level 2 BIM to BS EN ISO19650, BIM for client 

organisations, and BIM adoption across the globe. The chapter also offers a number of definitions 

to BIM in UK construction, identifies how it is being adopted globally, explores the different 

principles in use, and notes the essential approaches towards BIM adoption in the UK.   

Chapter 3: This chapter evaluates existing BIM maturity assessments across the globe, how they 

are used to measure and solve problems, and the strategies that could be adopted to enable 

future improvements. It explains and identifies the key principles of KPIs, the different types of 

KPIs used, and how they are used in various projects to solve different problems and deliver 

successful solutions. It presents a number of existing combined BIM maturity and KPI 

assessments and establishes the main drivers, barriers and challenges of BIM maturity and KPIs 

for the UK construction strategy. 

Chapter 4: The chapter presents the management ‘dimensions’ ‘representations’ and 

‘approaches’ for a research, for which a conceptual framework has developed based on it. The 

definition of a framework from previous related studies is discussed in depth, and a conceptual 

framework is presented. The framework consists of 3 stage elements “The What”, “The How”, 

and “The Evidence and The Why”. Its formulation is discussed in detail, and experts’ views of the 

framework are collected to help determine key ideas and opinions and gather feedback. 

Chapter 5: A review of different research methodologies is presented and analysed. The 

“Research Onion” proposed by Saunders et al. (2016) is selected and its layers are discussed in 

detail. Justifications for selecting the particular methodological choices are presented, while the 

data collection procedures, their related data analysis, data sampling and selection criteria 

techniques are debated and justified. 
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Chapter 6: This chapter presents the findings of the BIM maturity assessment proposed for this 

research. This is achieved through the analysis of qualitative data, which are gathered from a 

number of focus group workshops. These were conducted to develop a proposed 3-level BIM 

maturity assessment (Awareness, Occasional Application, Consistency) across three 

organisational levels (Strategic, Implementation, Operational) and an initial agreement to 

construction KPI metrics would be achieved.   

Chapter 7: Having developed the BIM maturity assessment, this chapter explores the potential 

ways that BIM maturity and KPI metrics could work together in organisations.  This is achieved 

by conducting the proposed BIM maturity assessment from the focus group workshops, which is 

followed by linking the proposed KPI metrics back to BIM maturity metrics.  From this process, a 

final standardised list of ten KPI metrics (Cost, Time, Quality, Satisfaction, Health and Safety, 

Performance, Profitability, Productivity, Sustainability, and Collaborative Culture) was generated 

and a number of recommendations are presented on how the linkages should work. This 

information is collected through qualitative data through semi-structured interviews open ended 

questions with a number of BIM practitioners who deliver in-depth and rich information on this.  

Chapter 8: Having linked BIM maturity and KPI metrics together, this chapter examines the 

relationships between both, through the quantitative data via a questionnaire survey.  The 

questionnaire was designed to gather views of participants who could offer useful views on such 

relationships. Having presented a list of questions to explore how BIM maturity and KPI metrics 

would work together, a relationship assessment is conducted to assess BIM maturity through the 

3-level BIM maturity assessment and how it would then be linked with the KPI metrics through a 

4-level KPI strength of relationship (No relationship, Weak, Medium, Strong). This will also 

explore the levels of association to determine if BIM maturity and KPI metrics would share the 

same association (Awareness and Weak), and the degree to which both impact each other. 

Chapter 9: Having completed the data collection stage, this chapter discusses the development 

of the conceptual framework and its evaluation through presenting the data collection findings 

that are subsequently related to the literature, which is then linked back to each of the 

framework’s 3 stage elements towards proposing an initial framework development. The analysis 

and discussions will outline the key findings including the similarities and differences that exist, 

which represent the internal validation stage that compares this information, and provides steps 

on how the framework has evolved from the conceptual framework being presented as a result 

of the critical review of the literature to the initial framework development being presented as a 

result of the data collection findings. Having discussed the findings and linked them to the 
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literature, the chapter then undergoes an external validation stage, which presents the data 

findings of the initial framework development and collects the level of agreement to the 

framework from a number of UK BIM experts. This will be achieved through focus group 

validation workshops with the experts to gather feedback on the initial framework development 

towards delivering the final framework for this research. As a result, this chapter presents the 

final BIM maturity-KPI assessment framework, which thereby meets the aim for this research, 

and presents the mechanism on how the framework shall operate within the UK client sector. 

Chapter 10: After the completion of the data collection and the validation stages, this chapter 

outlines a number of outcomes from this research. This is achieved by reviewing the aim and 

discussing the achievement of each objective.  The chapter identifies a number of contributions 

by this research in terms of knowledge and practice, and notes the limitations and challenges 

encountered within this research, The chapter offers a list of recommendations that to address 

these challenges and in relation to the industry adopting such a framework, following which a 

number of actions for future research are noted and the final conclusions delivered.  

1.10 Research Process 

 

The research process delivers the proposed research phases that aligns to the aim and objectives 

set for this research, reviews the existing literature related to the research field, develops a new 

concept based on the research area, collects data and examines the data and presents the overall 

findings that presents a contribution to knowledge and targets the existing gap of knowledge 

(Sarantakos, 2012). Figure 1.1 illustrates this research’s process, which included the alignment of 

the chapters across the research objectives and questions (Input), six main phases and the 

alignment of the proposed ten chapters across the phases (Process), and the proposal of a final 

framework to be generated from this research (Output). These are represented as follows: 

Phase one (Preliminary study): This includes the research background, gap, justification, scope 

of study, and literature review to do with what are the BIM maturity and KPI metrics and how 

can both be linked together. This phase is aligned with Chapters 1-3, and with Objectives 1-3, 

where Chapter 1 is aligned with Objective 1, Chapter 2 aligned to Objectives 1 and 2, and Chapter 

3 aligned with Objectives 2 and 3.   

Phase two (Conceptual framework process): This includes the proposition of a conceptual 

framework from 4 stages based on the literature review on: Stage 1) The BIM maturity and KPI 

metrics (The What), Stage 2) Both be linked together (The How), Stage 3) The benefits that could 

emerge from linking both together (The Evidence), and Stage 4) Future actions to link both (The 

Why). This phase is aligned with Chapter 4, which is aligned to Objective 4. 
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Phase three (Research Methodology): This includes the research methodological approach 

adopted for this research based on the literature review findings and the proposition of a 

conceptual framework. This phase is aligned with Chapter 5, which is aligned to Objective 4. 

Phase four (Data collection): This includes the primary data collection based on the literature 

review findings, proposition of a conceptual framework, and the identified data collection 

methods from the research methodological adopted approach. The data will be analysed based 

on the collected results and an update to the framework will be conducted based on the findings. 

This phase is aligned with Chapters 6-9, and with Objectives 4-5, where Chapter 6 is aligned to 

Objectives 4, Chapters 7 and 8 aligned with Objectives 4-5, and Chapter 9 aligned to all objectives.   

Phase five (Initial framework development process): This includes discussions on the initial 

framework development based on the data that has been collected and steps that were taken to 

move from the conceptual framework to the initial framework development. This phase is 

aligned with Chapters 6-9, and with Objectives 4-5, where Chapter 6 is aligned to Objectives 4, 

Chapters 7 and 8 aligned with Objectives 4-5, and Chapter 9 aligned to all objectives.   

Phase six (Framework Validation, and Research Recommendations): This includes the final 

framework based on the initial framework and external validation being held with experts to 

finalise the final framework, and offers a number of contributions and recommendations to 

future research. This phase is aligned with Chapters 9-10, and with Objectives 5-6, where Chapter 

9 is aligned to all objectives, and Chapter 10 is aligned to Objective 6.   
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Figure 1.1 Research Process 
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1.11 Summary 
 

A brief background to the research has been provided that highlights the absence of a 

standardised linkage between BIM maturity and KPI metrics to recognise the benefits that could 

influence the overall performance of the UK construction industry. The justification on the need 

to develop a BIM Maturity-KPI assessment framework to determine the level of BIM maturity 

and adoption in accordance with the UK strategy and how linking BIM maturity and KPI metrics 

would enhance the performance of construction projects across the sector was established. The 

aim and objectives of the research that addresses the research problems and justifies the 

significance of the research was presented, which was followed by a number of questions that 

the research will aim to provide answers to related back to the research aim and objectives. The 

scope of the research linked to the UK public sector local authority client, UK construction KPIs, 

Level 2 BIM and the new UK specific BS EN ISO19650 standards was presented, the adopted 

research methodology methods have been highlighted and the structure of the thesis and the 

overall research process was demonstrated. The next chapter will provide a critical review of the 

literature that highlights existing problems within the UK construction industry, presents 

information on the UK clients sector and their levels of understanding to BIM, highlights the 

benefits and barriers to the adoption of BIM across the globe, and explores the levels of BIM 

adoption in the UK and links to the transition from Level 2 BIM to the new BS EN ISO 19650 

standards. 
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2.1 Introduction 
 

This chapter aims to investigate the key literature relating to the UK construction industry, 

clients, and BIM implementation in the UK and across the globe. It will start by presenting some 

general information about the UK construction industry in which an overview of UK government 

and industrial reports will be outlined to demonstrate existing problems, such as fragmentation, 

and ways to tackle them, such as the need and drive for change. A clear definition to the type of 

clients and their requirements will be made to avoid perpetuating any existing 

misinterpretations. This will be followed a description of current problems and challenges that 

clients face. The client’s approach to BIM and their lack of understanding will be discussed in 

order to help meet the objectives set. Client-related BIM benefits will be outlined to explore how 

they can endorse the client sector. Finally, the adoption of BIM across the globe will be explored, 

which will relate to an understanding of the levels of BIM adoption in the UK.  This will specifically 

link to the transition from Level 2 BIM to the new BS EN ISO 19650 standards.  

 

2.2 Overview on the UK construction industry  
 

The UK construction industry has a vital role and is a main contributor to the UK’s economic 

growth (Construction Industry Training Board. 2019). According to the latest statistics, in 2019, 

the construction sector contributed £117 billion to the UK economy, equating to 6% of the total 

economic output (Office for National Statistics. 2019) and it represents 2.4 million jobs, which 

comprises 7% of the UK total (Rhodes, 2019). Furthermore, according to the latest statistics from 

the UK Government, the number of people employed in the UK construction industry exceeds 3 

million and the number of organisations in the construction sector total 314,590 (NOMIS. 2018, 

ONS. 2019; Statista. 2019). Despite its relative importance to the UK economy, this is an industry 

that faces several deep-rooted problems, which derive from its origins as a craft-based industry. 

For example, the key stakeholders in any construction project are ‘forced’ to form short-term 

relationships and collaborate in order to successfully deliver projects (Kumar, 2015). The 

Construction Products Association’s (CPA) Summer Forecast report provided a full analysis of the 

construction drivers across thirty industry sectors; it identified infrastructure as a main driver of 

growth and vital to the fortunes of the construction industry in the next few years (CPA. 2019). 

Therefore, the industry needs to have appropriate infrastructure strategies, such as effective 

information exchange for effective partnerships. Key ingredients of this infrastructure, which are 

critical to the facilitation of smooth information flow is use of standards and protocols for 

effective information creation, storage, exchange and management (Kumar, 2015). 
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2.2.1 The need for improvement and drive for change 
 

Over several decades, a series of industry and government reports have been published to 

demonstrate key construction problems that exist and to provide recommendations that are 

considered to address many of these problems. The set of reports covers the context of the UK 

construction industry and are all demanding change; indeed, some were reviewed during the 

time period 1934-2018 (Design buildings wiki. 2019; Gruneberg, 2018; Murray and Langford, 

2003). These reports have addressed key issues related to fragmentation, lowest cost mentality, 

and the need for a high drive to change.  They offered ways to overcome problems related to 

performance, profitability, productivity and predictability to name but a few areas. Nevertheless, 

additional problems have emerged in recent years (Mckinsey. 2017, 2018) that relate to low 

productivity. The key focus and conclusions from the reports were the drive for change and 

prompted the need to focus on construction performance in order to modify how it operates for 

future improvement. These reports focused on promoting improvements to key areas, such as 

performance, profitability, productivity and predictability (Marsh, 2017); these are also known 

as the Key Performance Indicators (KPIs). A summary of key construction industry reports is 

provided in Table 2.1.  

Table 2.1 UK industry reports key focus and issues (Gruneberg, 2018; Murray and Langford, 2003) 
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From a chronological perspective, the series of reports goes back as far as 1934; they trace the 

development of criticisms against the standard performance of the construction industry and 

highlight problems associated with the UK industry (Bossom, 1934). Similar problems have been 

addressed in further reports, with a chronological focus on procurement, culture, and 

urbanisation, and mainly related to contractual problems, fragmentation, and productivity, 

performance and relationship issues (Banwell, 1964; Emmerson, 1962; NEDC. 1970; NEDO. 1983, 

1988; Philips, 1950; Simon, 1944; Tavistock, 1966; Wood, 1975). The issues presented in Table 

2.1 identify the main problems that the UK construction industry have faced over time, during 

which they have been criticised for being wasteful and adversarial.  Moreover, problems mainly 

relate to late delivery, poor budget control, inadequate quality, and more persistently poor 

performance (Design buildings wiki. 2019; Gruneberg, 2018). A few years later after further 

emphasis on existing problems a set of targets were developed to tackle those problems. 

These aimed to reflect changes to the industry, and recommendations were provided on how 

the industry could improve. Therefore, the reports published between 1994 and 2009 were 

critical in providing steps on how to tackle existing problems, and acknowledged a change in the 

way the industry worked, for example in its culture (BESC. 2008; Calcutt, 2007; Constructing 

Excellence, 2005; Egan, 1998, 2002; Latham, 1994; NAO. 2001, 2005; OGC, 1999; Stewart, 1995; 

Strategic forum, 2008; Wolstenholme, 2009). Similarly, the chronological focus of these reports 

builds on previous publications, and they focus more on client involvement, the introduction of 

measures known as Key Performance Indicators (KPIs), the impact of new modern technological 

methods, and a greater focus on supply chain management. Similar issues continue to be 

mentioned within these reports, and sustainability was also introduced as an additional concern. 

In particular, the Latham (1994), Egan (1998), and Wolstenholme (2009) reports proposed that 

the industry adopts improvements and suggested key issues to help support the UK sector’s 

competitiveness in driving and demanding more efficiency. This included enhancing client 

endorsements and partnering, and announcing supply chain management methods to 

construction projects and programmes (Dakhil, 2017; ECLLP. 2013). The recommendations and 

key issues suggested across these reports are known as the improvement agenda, and present a 

set of tasks to improve the UK industry as a whole.   

Between 2011 and 2021, a cultural shift occurred including minor changes to the UK industry’s 

vision which saw the focus placed on enabling economic growth through enhanced construction, 

but with reduced overall public sector cost (Adonis, 2017; Cabinet Office. 2011; Farmer, 2016; 

Hackitt, 2018; HM government. 2013, 2017, 2018, 2020a, 2020b, 2020c, 2021a, 2021b; IPA. 2016; 
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IPA. 2017; Mckinsey. 2017, 2020; NAO. 2011). Likewise, building on previous reports, they placed 

greater emphasis on BIM and digital transformation, and more focus on issues related to 

collaboration, modernisation, health and safety, apprenticeships, digitisation, and whole life 

cycle performance. The reduction to public sector costs was a key approach following these 

reports and mainly outlined in the Government Construction 2011-2015 Strategy report (Cabinet 

Office, 2011).  It focused on the government as a key player in securing better value for money 

through construction industry improved performance by controlling the cost expenditure, thus, 

the construction industry would be responsible for 40% of the total cost.  

Building on the key themes of the Government Construction 2011-2015 Strategy, the 

Construction 2025 report (HM Government. 2013) released a set of construction strategy actions 

for implementation by 2025. This involves attaining growth opportunities for the construction 

market of up to 70% (Leadership), whilst 50% derive from the following actions: improvement in 

exports (growth), lower emissions (sustainable), and faster deliver (smart), and 33% lower costs 

(people). these were the major actions set by the government strategy for the UK to achieve by 

2025 (HM Government. 2013). Further to the Construction Strategy 2011-2015 (Cabinet Office, 

2011) and the Construction 2025 Strategy (HM government. 2013), the Construction Strategy 

2016-2020 released a strategy plan to improve delivery, efficiency and performance (IPA. 2016). 

The report sets out targets and strategies, which build on the aforementioned reports by focusing 

on smarter procurement, improved digital skills, and increased client capability. This aims to drive 

collaboration and deliver enhanced efficiencies.  

Furthermore, a review of the UK construction industry was published, called “The Farmer 

Review” (Farmer, 2016). The report suggested that the UK’s construction industry faced 

‘inexorable decline’ unless longstanding problems were addressed. It also called for the 

government to drive change and to promote modernisation. For this, a set of recommendations 

were offered that focused on reforming the Construction Industry Training Board (CITB), while 

the industry, clients and the government were called to collaborate to increase investment in 

R&D and innovation, and to shift production towards prefabrication, and governmental 

intervention in order to maintain appropriate skills and promoting the use of pre-manufactured 

solutions. Following this, the Government published actions to deal with productivity, known as 

the Industrial Strategy (HM Government. 2017), which focused on a long-term plan to boost 

productivity and the earning power of people throughout the UK. The Industrial Strategy (2017) 

aimed to deliberately strengthen the five foundations of productivity: Firstly, ideas - the world’s 

most innovative economy; secondly, people - good jobs and greater earning power for all; thirdly, 

https://www.designingbuildings.co.uk/wiki/Report
https://www.designingbuildings.co.uk/wiki/UK
https://www.designingbuildings.co.uk/wiki/Construction_industry
https://www.designingbuildings.co.uk/wiki/Plan
https://www.designingbuildings.co.uk/wiki/Productivity
https://www.designingbuildings.co.uk/wiki/Power
https://www.designingbuildings.co.uk/wiki/UK
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infrastructure - a major upgrade to the UK’s infrastructure; fourthly, business environment - the 

best place to start and grow a business, and finally, places - prosperous communities across the 

UK.  This set a challenge to put the United Kingdom at the forefront of industries of the future, 

considering: clean growth, health ageing, and the future of mobility underpinned by AI and a data 

economy. Three strategic outcomes of the Transforming Construction Sector Deal were: Firstly, 

digital - delivering better, more certain outcomes using digital technologies; secondly, 

manufacturing - improving productivity, quality and safety by increasing the use of 

manufacturing, and performance – optimisation through life performance via the development 

of smart assets, as delivered by three key enablers (procure for better value, industry-led 

innovation, and skills for the future).  

Moreover, the Construction Sector Deal (HM Government. 2018) was published, which built on 

the set of construction industry reports previously mentioned and aimed to transform the 

productivity of the sector by working collaboratively on: procuring for value, industry-led 

innovation, and skills for the future. It recommended the provision of funds over three years to 

target the UK’s infrastructure in order to transform the sector through: the better adoption of 

digital and manufacturing technologies, the delivery of quality infrastructure and boosts to the 

skills of construction workers and training.  

Finally, The Construction Playbook (HM government. 2020b) outlines 14 key policies and 

guidance for how public works projects and programs are assessed, procured, and delivered. 

Those are: 1) Commercial pipelines, 2) Market health and capability assessments, 3) Portfolio and 

longer term contracting. 4) Harmonise, digitise and rationalise demand, 5) Further embedded 

digital technologies, 6) Early Supply Chain Involvement (ESI), 7) Outcome-based approach, 8) 

Benchmarking and Should Cost Models, 9) Delivery Model Assessments (DMA), 10) Effective 

contracting, 11) Risk allocation, 12) Payment mechanism and pricing approach, 13) Assessing the 

economic and financial standing of suppliers, and 14) Resolution planning. The policies are 

addressed throughout the project and programme lifecycle. The playbook states that the 

government will use public sector procurement to achieve the transformational change 

envisaged for the construction industry. The Playbook through using the power of public sector 

procurement seek to demand for the use of BIM and other digital technologies, platforms and 

standardised components and the creation of digital twins for built assets (Oti-Sarpong, 2021).  

In summary, the aforementioned set of reports published throughout the years has shown that 

problems continue to exist within the UK construction sector related to overall performance and 

poor productivity.  In addition, the UK industry was criticised for being wasteful, adversarial, 

https://www.designingbuildings.co.uk/wiki/Productivity
https://www.designingbuildings.co.uk/wiki/Works
https://www.designingbuildings.co.uk/wiki/Procuring_for_value
https://www.designingbuildings.co.uk/wiki/Innovation
https://www.designingbuildings.co.uk/wiki/Skills
https://www.designingbuildings.co.uk/wiki/Adoption
https://www.designingbuildings.co.uk/wiki/Digital
https://www.designingbuildings.co.uk/wiki/Manufacturing
https://www.designingbuildings.co.uk/wiki/Technology
https://www.designingbuildings.co.uk/wiki/Quality
https://www.designingbuildings.co.uk/wiki/Infrastructure
https://www.designingbuildings.co.uk/wiki/Skills
https://www.designingbuildings.co.uk/wiki/Construction_workers
https://www.designingbuildings.co.uk/wiki/Adversarial
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fragmented, reluctant to innovate, and poor at disseminating knowledge (Design buildings wiki. 

2019). The economics of the construction industry should inform the direction of change by the 

construction industry to resolve the many issues it faces, including skills shortages, an adversarial 

culture, disputes, productivity in the industry, and many more challenges (Gruneberg, 2018). 

Following a discussion on the problems associated with nature of the UK construction industry 

and the need for change, the next section will expand further on construction industry related 

problems that have emerged in recent years and the UK Government’s plans to address them. 

2.2.2 Common problems in the UK construction industry and the UK Government’s response 
 

As previously mentioned, one of the key problems faced by the UK construction is fragmentation. 

Examples of these issues relate to the short-term relationships between ‘collaborating’ firms in 

a typical project, which results in insufficient long-term engagement, and investments to increase 

productivity via effective collaboration (Kumar, 2015). According to Crotty (2013, p.26), 

“Unpredictability and low profitability are both caused by the same underlying phenomenon in 

large part – the devastatingly low quality of most of the information used on modern construction 

projects”. The lack of a holistic approach throughout the entire project asset lifecycle by the team 

has led to unacceptable outcomes, and this has become a significant characteristic of the industry 

(Kumar, 2015). It is a cause of fragmentation and the lack of coordination between team 

members; it has resulted in deliverables that do not meet team members’ project requirements. 

This ensures the importance of collaboration between team members and indicates that such 

constructability issues could be avoided or tackled at an early phase of the project lifecycle. The 

efficiency of a projects’ delivery cycle is illustrated by the Macleamy curve that delivers the 

concept of “shifting the effort” (Figure 2.1) (MacLeamy, 2004). 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Macleamy Curve (Macleamy, 2004) 
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The MacLeamy Curve highlights that the further you are through the design process, the higher 

the cost of design change. This also has a direct correlation with potential project delays, 

wastage, and increased delivery costs. MacLeamy explained that the optimal project plan calls 

for high initial effort in the preliminary design phase for a more effective, cost-efficient project. 

The “MacLeamy Curve” shows that design decisions made earlier in the project are more cost 

effective since the opportunity to influence positive outcomes is greatest at this stage and the 

cost of change is minimal (AIA. 2007). Hence, it supports the delivery of construction projects 

through early involvement from different project parties, including clients, and thus it delivers in 

a way that focuses on client requirements, project KPIs, and initiatives that operate under a BIM-

enabled environment. As mentioned in the previous section, the UK Government outlined a set 

of targets that directed the focus on clients, KPI measures, and the introduction to digital 

transformation and BIM (Egan, 1998; HM Government. 2011, 2016; Latham, 1994; 

Wolstenholme, 2009). This justifies the need to focus on clients and their requirements, along 

with how different project teams could collaborate. For this, the UK Government’s response to 

meeting clients’ needs dates back to Latham’s report (1994), which focused more on clients’ 

attitudes.  Thus, industry requirements would significantly reflect clients’ needs, which vary from 

one to another. The recommendations of this report tended to focus on clients’ needs through 

attaining improved value for money by enhancing the overall performance of the industry. This 

was revisited in Egan’s report (1998) who introduced five main drivers for improvements to the 

UK construction industry: 1. Committed Leadership, 2. A focus on the customer, 3. Integrated 

processes and teams, 4. A quality-driven agenda, and 5. Commitment to people. By focusing on 

clients, some ways have been offered to resolve the aforementioned challenges and deliver 

solutions to tackle them. The next section will discuss how the focus on clients helps to tackle 

such problems and emphasise the client type targeted for this research. 

2.2.3 Clients 
 

Client requirements constitute the primary source of information for a construction project, and 

their adequate understanding by members of the project team play a vital role in the successful 

outcome of the project and in satisfying the client perspective (Kamara et al., 2000; Sanvido et 

al., 1992). In understanding the client, the project team can become fully aware of, and 

understand, their needs (Masterman, 2003). However, the relationships between clients and the 

industry is fraught because of its complexity and adversarial nature (Boyd & Chinyio, 2008). 

However, in terms of the construction stage, clients are typically identified as a group of people, 

organisations or equivalents, rather than individuals. Hence, data is explained to clients on how 
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they can act better with the industry for their own benefit (Boyd & Chinyio, 2008). While this 

ensures that clients would meet different objectives, key industry reports (Egan, 1998; Latham, 

1994; Wolstenholme, 2009) indicated that client similarities would exist as represented by their 

project requirements.  This would be achieved through: Obtaining value for money; ensuring the 

project is delivered on time; incurring reasonable running costs; and being free from defects on 

completion” (Latham, 1994). Although clients may not have the relevant expertise, it is important 

that they are involved in the construction project process in order to deliver their project 

requirements by working with industry professionals. Different client categorisations will be 

explored to understand their nature and needs. Masterman (2003) stated that client 

organisations would typically be classified into private, public and mixed sector, and each has 

their own characteristics that reflect the organisation’s source of funding ownership. The 

different types of clients within the UK industry are thereby based on their funded sources and 

presented in Figure 2.2 and defined in Table 2.2 (Boyd and Chinyio, 2008; Dakhil, 2017; Kometa 

et al., 1994; Vennström, 2008). 

Figure 2.2 Client main types in UK construction industry (Boyd and Chinyio, 2008; Dakhil, 2017) 

Table 2.2 Client definitions (Dakhil, 2017; Kometa et al., 1994; Vennström, 2008) 
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Clients are important to the construction processes as they are normally the creators and funders 

of projects and as such the drivers for their developments. The ultimate goals of projects should 

be geared around the clients’ requirements in terms of their aspirations, ambitions, visions, aims 

and objectives (Challender and Whitaker, 2019). Hence, the Clients’ involvement at the early 

stages of projects is as such a paramount importance. According to Boyd and Chinyio (2008), in 

order to understand client businesses and their operational requirements, it is necessary to know 

the corporate environments that they work within. This involves examination of the purpose or 

service of their respective organisations, together with their company structures and the defining 

processes of their businesses. As such, this research aims to develop a BIM maturity and KPI 

assessment for the UK public sector local authority client and for this, it is of vital importance and 

based on the noteworthy governmental reports, the involvement of the clients in the early stages 

of the research to capture their current understanding with BIM maturity and KPI metrics, and 

how can both be linked together. This would indicate the need to educate clients with BIM 

maturity and KPI to understand what they are, and how can they both be linked together to 

enhance the overall performance of projects and team members within the UK industry. As a 

result, this research would target the public sector clients in delivering an assessment that would 

examine their levels of understanding with BIM maturity and KPIs and how they both link 

together, and how can this reflect back across the overall UK construction industry. This ensures 

that this research will be relevant in delivering an assessment that meets the clients’ vision on 

how BIM maturity and KPI metrics could be linked, how it can enhance the clients’ understanding 

with BIM, and will aim to improve the overall performance levels within UK organisations.  

After delivering a review of different types of clients, it is essential to explore ways that the 

lifecycle of construction projects is monitored and measured through KPIs, since this will help to 

address key areas related to poor productivity and performance, and low profitability and 

productivity. Likewise, it is vital to understand BIM, the digital transformation and modernisation 

in order to better understand how to overcome the previously mentioned problems and identify 

how this support could resolve other problems across the UK construction industry. The next 

section will deliver more detail on BIM and its approach to solving the UK construction industry’s 

problems. This will begin by delivering a review on the BIM evolvement. 
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2.3 The evolvement of BIM 
 

An international timeline for BIM development is shown in Figure 2.3 (Nisbet & Dinesen, 2010). 

This timeline depicts how BIM developed over time to reach to its current state. 

 

 

Around the late 1960s, the concept of BIM emerged as a subset of computer-aided design (CAD) 

software; this replaced manually generated 2D drawings (AbuEbeid and Nielsen, 2020; Akdag 

and Maqsood, 2019). As such, the Building Descriptive Systems (BDS) that was developed by 

Charles Eastman is widely acknowledged as the start of BIM in the 1970s. In the late 1970s and 

early 1980s building information modelling was based on 3D solid modelling and replaced 2D 

CAD for design development. Furthermore, in the 1980s, Gobar Bojar developed a BIM enabled 

modern building tool, namely ArchiCAD software (Gobar Adviseurs, 2010; Staub-French et al., 

2011). Moreover, a collaboration of data exchange and open standards sharing was delivered in 

1983 as a clear strategy to enable a process that combined success by improving engineering 

information communications (Bew and Underwood, 2010). The early 1990’s saw the need within 

the AEC industry for a data-sharing solution between organisations. Many within the industry 

wanted to develop a solution that used the Internet for project management, data storage, and 

Figure 2.3 BIM international Timeline (Nisbet & Dinesen, 2010) 
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collaboration (AbuEbeid and Nielsen, 2020; Akdag and Maqsood, 2019; Varghese, 2020; Vidalakis 

et al., 2020). Following this, deficiency issues related to technological information flow were 

recognised between 1990 and 2000s, which required action to tackle such problems. BIM 

authorising and model checking tools were released to support its evolution (Bew and 

Underwood, 2010) as software, and data transferred between these tools would be accessible 

through open data standards, known by IFC (Gobar Adviseurs, 2010). Over the years, BIM has 

seen further enhancements to include models (3D), a time/schedule model (4D), cost model (5D) 

operation model (6D), and sustainability model (7D) among others depending on the available 

information (AbuEbeid and Nielsen, 2020; Akdag and Maqsood, 2019; Gobar Adviseurs, 2010; 

Staub-French et al., 2011; Varghese, 2020; Vidalakis et al., 2020). The next section will consider 

the various definitions of BIM across the literature.  

2.4 What is Building Information Modelling (BIM)? 
 

Several definitions of BIM have been derived, which have mainly emerged from academia or 

government bodies; however, there is no single definition of BIM (Suermann & Issa, 2009). From 

an academic point of view, the BIM Handbook defined it as, “a new approach to design, 

construction, and facility management…BIM is not a thing or a type of software but a human 

activity that ultimately involves broad process changes in construction” (Eastman et al., 2018, 

p.366). From a government perspective, the US Associated General Contractors Guide (AGC) 

defines BIM as “……the development and use of a computer software model to simulate the 

construction and operation of a facility……..from which views and data appropriate to various 

users’ needs can be extracted and analysed to generate information that can be used to make 

decisions” (AGC. 2006, p.3). However, the National Institute of Building Sciences (Abbasnejad & 

Moud, 2013, p.289; NIBS. 2007) states that,  

A Building Information Model, or BIM, utilizes cutting edge digital technology to 

establish a computable representation of all the physical and functional 

characteristics of a facility and its related project/lifecycle information, and is 

intended to be a repository of information for the facility owner/operator to use and 

maintain throughout the life-cycle of a facility.  

The “M” in both definitions’ has been defined as a model that helps to serve existing project 

lifecycle information rather than a modelling process. An interesting note on this definition is the 

absence of 3D modelling description, which is replaced by a computable representation of all 

physical entities, and shows that the description of BIM is not only related to 3D but would relate 

to other dimensions such as 4D- 6D. Additional definitions of BIM are provided by Van Nederveen 

(2009) in (Abbasnejad & Moud, 2013, p.289), 
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A model of information about a building that comprises complete and sufficient 

information to support all lifecycle processes and which can be interpreted directly 

by computer applications. It comprises information about the building itself as well 

as its components, and comprises information about properties such as function, 

shape, material and processes for the building life cycle.  

McGraw Hill (2008) defines BIM as: “The process of creating and using digital models for design, 

construction and/or operations of projects”. Azhar’s (2011, p.241) definition is as “one of the most 

promising recent developments in the architecture, engineering, and construction (AEC) 

industry………... This model, known as a building information model, can be used for planning, 

design, construction, and operation of the facility“. In comparison, Kiviniemi et al. (2008, p.8) 

defines BIM as “an object-oriented model — a digital representation of a building to facilitate 

exchange and interoperability of information in digital format”. Moreover, the UK Government 

(HM Government. 2012, p.3) defines BIM as “a collaborative way of working, underpinned by the 

digital technologies which unlock more efficient methods of designing, creating and maintaining 

our assets.”.  Finally, Hooper (2015) outlined three “M” definitions of BIM:  

1) An object-oriented representation of a 3D physical attributes identified as a Model, 

2) The engagement of a creative processes within Modelling, and  

3) A management platform introduced as Management.  

Across most governmental bodies approaches, these definitions expressed BIM as either a model 

or management while most academic publications expressed it as Modelling. This shows the 

variations in approach when defining the “M” in BIM and confirms the absence of a universal 

approach across academia and the government. This suggests ongoing confusion when defining 

BIM between the academia and industry, which has resulted in a missing link within various BIM 

applications. These definitions are believed to be more relevant to BIM and clearly define its 

different concepts. As a result, this research aims to overcome issues in defining BIM at an early 

stage, which demands the identification of BIM requirements and the need to undertake actions 

to ensure its successful application. Having demonstrated a range of BIM definitions, the next 

section will explore how clients understand BIM.  

2.4.1 BIM for clients 
 

Previous challenges relate to clients’ understandings of construction projects and in meeting 

their needs (Boyd & Chinyio, 2008). In addition, BIM has been defined in different ways and a 

lack of understanding exists amongst clients on what BIM means to them, and how it could be 

applied across construction projects (NBS. 2020). Hence, it is essential for clients to be led into 

the BIM implementation phase, by educating them on BIM and providing a better understanding 
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of BIM requirements on construction projects; this would require significant change. However, 

the lack of client demand continues to represent a key barrier that prevents the gain of value 

from its adoption and arrests the widespread implementation of BIM within the industry (NBS. 

2020). The absence of a push (or support) from clients prevents the full realisation of its benefits 

(Lindblad & Vass, 2015). Key ways to tackle these issues involves the inclusion of sound 

knowledge and an experienced client representative; these are key BIM role requirements and 

represent an important BIM adoption process. A higher quality delivery process and whole life 

cycle asset performance are some benefits that the BIM process - or tool - may offer clients 

(Eastman et al., 2011). Design and construction methods are changed through BIM (Yan & 

Damian, 2008), and the reductions to cost and time result from this change (Love et al., 2013). 

Furthermore, performance through the various stages of the project lifecycle would significantly 

improve if the stakeholders ensured collaboration, which would help to expand the client’s 

organisational boundaries in understanding BIM. As a result, project stakeholders would get 

together at an early stage of a project to exchange project information and help deliver a better 

understanding of BIM to the clients, thus, creating a BIM collaborative environment (Arayici et 

al., 2011; Dado, 2011; Eastman et al., 2011; Laine & Karola, 2007). The usage of reliable project 

data and BIM processes are issues that client could make advantage of (Wilkinson, 2013). The 

next section will discuss the benefits and opportunities being linked to BIM, which would then 

reflect on how this who relate to clients. 

2.5 BIM Benefits and Opportunities 
 

Following a review of the links between BIM and the client, this section focuses on the benefits 

related to BIM. In particular, the benefit is “an outcome of change which is perceived as a positive 

by stakeholders” (Bradley, 2010). Haron (2013) claimed that realising the advantages of BIM 

would promote a comprehensive understanding by helping companies navigate a BIM 

implementation action plan to meet their needs. A range of benefits are widely recognised in 

association with the successful adoption and implementation of BIM, and the following positive 

outcomes for individuals, projects, and organisations. The benefits relate to BIM skills amongst 

user, namely: Early collaboration, reduced rework, improved quality through quality assurance, 

clarity in communication, increased profits, improved sustainability and creativity, more and 

faster decision making, and higher quality delivery (Azhar, 2011; Barlish and Sullivan, 2012; 

Becerik-Gerber and Kensek, 2009; BSI. 2010, Blay, Tulli, Mensah, 2019; Bryde et al., 2013; 

Farnsworth et al., 2015; Ghaffarianhoseini et al., 2017; Hardin and McCool, 2015; Kassem and li, 

2020; Marsh, 2017; McGraw Hill construction. 2013; Underwood, 2010; Yan and Damian, 2008). 
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Benefits that relate to project outcomes include: Reducing requests for information and changed 

orders, improving awareness of progress and current status, reduced overall project duration, 

improved visualisation, reducing time, reducing errors and omissions, overall better construction 

projects outcomes, fewer claims and litigation, and reduced workflows cycle times (Eastman et 

al., 2011; Kassem and li, 2020; McGraw hill construction reports. 2009, 2010, 2013; Nisbet and 

Dinesen, 2010).  

Most of their aforementioned benefits are associated with projects that have well-produced 

model developments.  These would be primarily enhanced through these benefits and focus on 

improved building quality and performances alongside the combination and maximisation of 

design and construction. In addition, some of the aforementioned benefits focus on the overall 

enhanced value brought to projects, and the continuously improved internal benefits. Finally, 

NBS surveys (2019, 2020) revealed that, across projects and organisations, BIM would bring: cost 

efficiencies amongst 60% of the participants, increased coordination of construction documents 

amongst 81% of the participants, and changes in the workflow, practices or procedures amongst 

91% of the participants. The aforementioned are some examples of benefits that would exist 

elsewhere. This helps to develop an initial list of benefits that could be realised to thus enable 

greater efficacies, performance and cost effectiveness across the overall UK construction 

industry.  

A summary of the benefits are provided in Table 2.3, which list the most frequently cited BIM 

benefits across the literature. It shows that six frequently cited benefits: Early collaboration, 

reduced time, improved quality, clarity in communication and better coordination, reduced 

rework, and reduced overall project duration. However, all of the benefits addressed are relevant 

to projects and organisations, and help to form an initial standardised list of BIM benefits. The 

next section will discuss how BIM relates to clients and the benefits that would be most relevant 

fore this sector.  
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2.5.1 BIM relationship to clients and its benefits 
 

Considering the relationship of BIM to clients helps to determine the potential benefits from this 

linkage. A total of 16 benefits have been linked to clients (Dakhil, 2017); having reviewed the 

benefits, some are linked to those presented in Table 2.3. Hence, Table 2.4 presents additional 

benefits along with their description, which are directly relevant to clients. 

Table 2.3 Summary of BIM benefits and opportunities 

Table 2.4 BIM benefits for the clients 
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The benefits emerge as a direct result of clients’ use of BIM in various areas across the project 

lifecycle (Bryde et al., 2013; Dakhil, 2017; Eadie et al., 2013). Its application across both design 

and construction phases along with significant operating savings could sell BIM’s benefits (Eadie 

et al., 2015; Lindblad and Vass, 2015). For stakeholders to provide high-quality, relevant 

information, BIM requirements need to be clearly defined. As such, its usage across different 

project lifecycle stages would require clients to meet certain BIM project requirements, in order 

to enable them to achieve the required benefits.  This would be possible through the adoption 

of a BIM investment plan that is accompanied by reviews to ensure alignment with strategic 

business interests and project specific focal points. BIM implementation through clients would 

play a vital role in the construction industry since it would help to enhance the levels of BIM 

understanding and thus provide a successful path to its implementation across projects (Lindblad 

and Vass, 2015; Underwood et al., 2016). Thus, 3D modelling to deliver digitally-enabled key 

decision makers and promote greater visual clarity on projects are the key benefits expressed by 

clients that would impact on the local context should the general public understand the finished 

asset. Furthermore, most agreed that the construction design delivery phases have become more 

effective and efficient through BIM’s improved collaboration and data sharing steps (Cousins and 

Knutt, 2017). According to the NBS report (2019), 61% of clients stated they would insist on using 

BIM due to the benefits it offers their practice. This indicates documented demands to tacking 

existing industry’s challenges for improvement. Those benefits are presented in Figure 2.4. 

 Figure 2.4 BIM benefits for the Clients (Cousins and Knutt, 2017; NBS. 2019) 
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It is necessary to identify how benefits could be measured in order to understand their impact 

on the client’s understanding of BIM, and how projects could be delivered through its use. Hence, 

it is vital to explore tools and methods that exist and to provide steps to quantify and measure 

the benefits (Kassem & Li, 2020). The next section will discuss the potential ways that BIM could 

be quantified and measured against client and project requirements. 

 

2.5.2 Quantifying and Measuring the Benefits of BIM 

Although general and client specific BIM benefits have been identified, there is currently no 

method to identify how these benefits could be measured or quantified. Hence, it is necessary 

to quantify and measure BIM benefits to understand how it would reflect on clients and the 

construction industry. As a result, existing tools and methods to assess BIM benefits have 

increased in number over recent years due to their promised value in guiding BIM 

implementation (e.g. identifying implementation challenges, informing BIM improvement 

strategies) and improving the outcomes for organisations and projects (Kassem & Li, 2020). 

Having reviewed a number of existing BIM benefits tools and methods, six have been identified: 

three are BIM benefit measurement tools and three are BIM benefit methods (Kassem & Li, 2020). 

The three BIM benefits tools are: BIM Return on Investment tool (Scottish Future Trust. 2017), 

BIM Value (NATSPEC. 2015), and BIM benefits (Kassem & Li, 2020). These are online 

questionnaire tools that measure the benefits across projects and organisations. The Three BIM 

benefits methods are: Transport for London (TfL) BIM Benefits Methodology Strategy in 2017 

(Kassem & Li, 2020), BIM Level 2 Benefits measurement methodology (PwC. 2018), and ROI BIM 

analysis (Giel & Issa, 2013).  All tools and methods can be used to measure the project benefits 

from adopting BIM. The distinction between tools and methods is simply that a tool has a 

platform, such as an online survey or an Excel workbook, to conduct the assessment. Methods, 

on the other hand, provide details of the methodology behind the maturity measure, but do not 

have a platform for measurement that is available for review.  

Some of the strengths of the BIM benefits tools were:  

 

1) All tools address benefits that are inherently associated with enablers/activities available 

through BIM and the supporting project/standards ecosystem under which BIM is adopted;  

2) The tools address benefits across the whole asset life cycle, from the early strategy through 

to design and construction, and operation and service delivery, and  

3) All tools provide useful information on the general benefits of adopting BIM.  
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Some of the weaknesses of the BIM benefits tools were:  

1) The accuracy of the BIM benefits evaluation by the tool is questionable;  

2) The outputs from the evaluation, including the quantitative evaluation provided by the 

tools, are generally not informative, and  

3) The complex nature of projects means that several factors influence the outcomes at 

different stages of the life cycle.  
 

As this research will identify and extract key benefits that emerge from combining BIM maturity 

and KPI metrics, the benefits within the methods and tools will be reviewed, and a random list 

will be populated.  This list will identify the key benefits that arise from combining BIM maturity 

and KPI metrics, and will be correlated with the set of benefits extracted from the literature, as 

noted in the previous sections. Following a review on the expected benefits from implementing 

BIM, the next section will review the existing key barriers and challenges associated with BIM 

and its negative impact on clients. 

2.6 BIM Challenges and Barriers 
 

Although BIM benefits and opportunities are widely acknowledged, several key challenges also 

exist. A key challenge lies in clients’ lack of acknowledgment of the latest processes. They would 

be entitled to be transferred to new emerging BIM possibilities, hence, to ensure clients can 

access BIM outcomes, they first need to understand what BIM is and how it can benefit them. 

The latest NBS survey (2020) on clients’ views on BIM barriers across the UK industry shows that, 

although the same barriers exist from the previous year’s survey (NBS, 2019), there has been a 

drop in percentage for the BIM barriers identified from the client’s point of view. The results 

revealed that 48% of clients involved in the survey indicated the lack of BIM training was a barrier, 

which was previously 59%.  Moreover, 28% indicated a lack of collaboration (which was 33% in 

2019), and 27% suggested the lack of standardized tools and protocols (33% in 2019). This 

indicates that, although year after year more clients in the UK industry are more aware of BIM, 

its meaning and the tasks involved, barriers still exist.  

Challenges related to information sharing issues concerning the operations and model were 

identified by Eastman et al. (2011), including: challenges with teaming, technical barriers, and 

legal and liability issues, changes in practice, legal changes to documentation ownership, and 

production and interoperability issues. Users may face challenges in finding suitable methods for 

sharing model information, which is particularly important for architects and contractors. 

Potential delays can be avoided should these methods be used and tailored to different project 

teams. It would be necessary to implement a controlled means to produce models and determine 
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its progress; this means it would be necessary to go through operational and maintenance data 

and address any associated legal issues (McGraw Hill. 2009, 2010, 2013). The required hardware 

upgrades are too expensive, while users lack sufficient time to evaluate them; moreover, 

functionality does not apply well enough to what we do, while costs issues and adaptation to the 

new process represent some key challenges that have been visualised in these reports.  

Reports raise concerns over the possibility that new technology will generate challenges related 

to over-costing and time consumption, and the focus needs to be on the project, rather than on 

converting to BIM. Furthermore, insufficient time to evaluate the presented data similarly 

impacts clients’ decisions on whether to adopt BIM. Additional challenges exist concerning BIM 

skills amongst users, which were: the lack of BIM skills across team members, issues with access 

to information, deficiencies with COBie, and excessive demands on time, a lack of clear 

responsibility allocation, organisational and cultural differences, Inconsistency in file naming, and 

the absence of information (Alwan et al., 2017; Anderson et al., 2012; Arayici et al., 2011; Azhar, 

2011; Azhar et al., 2015; Bataw et al., 2014; Blay et al., 2019; BSI. 2010, Dakhil, 2017; Eadie et al., 

2013; Eastman et al., 2011; Gledson et al., 2016; Gu and London, 2010; Gyarteng, 2014; Hardin 

and McCool, 2015; Khosrowshahi and Arayici, 2012; Mahamadu, 2017; Navendren et al., 2014; 

Succar, 2009). Such challenges may affect the progress of BIM, and thus, it is vital to consider 

alternative strategies to overcome such challenges. A summary of the general challenges 

associated with BIM is presented in Table 2.5. The next section will present challenges faced by 

clients.  

Table 2.5 Summary of BIM general Challenges 
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2.6.1 BIM Challenges for Clients 
 

Having presented key challenges associated with BIM implementation, this section will focus on 

those faced by clients. The report, What Clients Really Think: BIM Whitepaper (Cousins and Knutt, 

2017) was based on a survey of industry professionals within the Scottish client sector, which 

explored clients’ reflections on the Level 2 Mandate in Scotland. This study revealed that overall 

levels of confidence to implement BIM were relatively low, as 27% of respondents ranked 

themselves as "very unsure" about operating at Level 2 BIM; only 14% rated themselves as having 

"some confidence" and only 5% claimed to be "fully confident." The reports indicated that level 

2 experience was still dispersed unevenly across the industry. Overall, 49% said they had not 

worked on a Level 2 BIM project, while 28% had only worked on one to three projects. A question 

on "BIM's eight pillars" suggested its standards were weakly embedded.  

The latest NBS reports (2020, 2021) outlines a set of challenges that clients face to adopting BIM. 

The greatest challenge noted was no client demand for BIM as indicated by 64% pf the total 

respondents. Other examples included a lack of in-house expertise (56%), too costly (46%), and  

an inability to see the benefits (15%). Since collaboration is a key driver within the construction 

industry, these results indicate that users still see the problems.  This shows that a key route to 

meet client demand, and enable collaborative are yet to be achieved within the industry. Figure 

2.5 presents the challenges and barriers to the UK industry concerning BIM adoption by clients 

(Cousins and Knutt, 2017; NBS. 2020). 

 

Having identified the general benefits and barriers associated with BIM and how they relate to 

clients, the next section will discuss how was BIM adopted across the globe, and focus its 

adoption in the UK. 

Figure 2.5 Companies experience on Level 2 BIM (Cousins and Knutt, 2017) vs Main barriers of using BIM 
(NBS. 2020) 
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2.7 BIM Adoption Across the Globe  
 

Building Information Modelling is approached differently in various countries across the globe, 

while the adoption of BIM across the globe has increased over recent years. According to surveys 

conducted by Jung and Lee (2015), BIM has been adopted in 41 countries across six continents, 

including the UK, showing its rapid growth across the globe. According to Badrinath, Chang, and 

Hsieh (2016, p.839) “The BIM research associated literature review illuminates us that there are 

more than 1,500 BIM publications that have been published in the past 25 years by global BIM 

researchers from 65 countries”. There is an increase in the adoption of BIM across the 

international construction community and in countries with (or planning) a regulatory 

requirement for BIM (McAuley et al., 2017). This correlates with previous studies, which reveal 

that BIM is growing widely in various countries. The adoption of BIM is mandatory for increased 

productivity and efficiency through the digitalisation of work processes (Varghese, 2020).  

The adoption of BIM as an on-going process requires continuous monitoring, planning and 

execution (Acampa, et al., 2020; Akdag and Maqsood, 2019; Babatunde et al., 2020; Lindblad and 

Guerrero, 2020; Ma et al., 2020; Olawumi and Chan, 2019; Vidalakis et al., 2019). This suggests 

that the adoption of BIM continues to increase and there is global demand for its implementation 

across various construction sectors. Research direction and model uses (known as custom 

models) focus on its adoption in various sectors and construction organisations, and existing 

maturities have been presented across the globe. The BIM research compass consists of twelve 

directions, which are: Conceptual boundaries, adoption, maturity, standardisation, lean and 

green, process simulation and monitoring, Building Information Services (BIS), building and geo-

information integration, emergency response, industry-wide adoption, education and training, 

and real-life cases. It was recognised that related research directions were mainly evident in the 

US, Australia, and UK, which indicates that BIM is covered widely in these countries (Badrinath, 

Chang, and Hsieh, 2016). The compass is shown in Figure 2.6 on the left (Isikdag and Underwood, 

2010). The elements of the compass related to this research are highlighted in Figure 2.6 on the 

right. Thus, the highlighted areas represent 34% of the total distribution of studies related to this 

research. This indicates that the study is essential to explore how maturity is developed amongst 

clients within the UK construction industry.  
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The main reasons for the relatedness of the highlighted areas are as follows: 
 

1) Organisational adoption: Studies in this area relate to the BIM approach within the UK 

client sector, and the readiness to adopt BIM within organisations.  

2) Maturity: The development of BIM maturity to facilitate the UK client sector and identify 

key success factors associated with its implementation. Studies under this category will be 

useful, as they will help to understand how BIM maturity will be applied within the UK 

industry.  

3) Industry wide adoption: Better understanding of BIM adoption across the UK construction 

industry to achieve a governmental mandate to BIM. Studies under this category support 

a better understanding of how previous BIM applications have influenced its industry wide 

adoption based on the current and future statuses.  

4) Education and training: Understanding issues that may arise from the adoption of BIM 

maturity amongst the client sector. Studies in this category will help to see what current 

issues may exist from adopting the suggested BIM maturity to the UK client sector.  

The four research compass areas mainly cover the aspects addressed in this research and meet 

the ultimate research aim. Table 2.6 provides a definition and additional reasons for the compass 

area selections. 

 

 

Figure 2.6 BIM research compass (left) and Research direction distribution related to research (right) 
(Badrinath et al., 2016; Isikdag and Underwood, 2010) 
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In order to request the right information at the right time, it is vital that the BIM implementation 

process is fully understood by the client; thus, some studies discuss the importance of client 

involvement within the BIM implementation process and throughout the project lifecycle 

(Badrinath et al., 2016; Dakhil, 2017). However, a lack of client demand and minimal client 

understanding of BIM exists, which are essential for its successful implementation throughout 

the life cycle of the project.  This represents a research gap that this research intends to address 

concerning the UK approach to BIM. This could be embedded within Key Performance Indicators 

(KPIs) to determine how BIM maturity and KPI metrics could be integrated in order to serve the 

client and extract benefits to impact the overall performance of the construction industry for the 

UK client sector. Having reviewed the adoption of BIM across the globe, the next section will 

demonstrate how BIM has been adopted across the globe; this will be achieved by presenting a 

sample of standards that form part of the adoption of BIM globally. 

2.7.1 International BIM standards  
 

The previous section demonstrated where BIM is adopted and what methods were used in its 

adoption across the globe. A set of international standards have been published which explains 

how each country has met their governmental drive to adopt BIM. Figure 2.7 presents an 

overview of the BIM guides across the globe (McAuley et al., 2017).  

Table 2.6 Research compass areas definition and selection reasons (Isikdag and Underwood, 2010) 
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This shows that the countries covered in the figure require certain criteria and standards in order 

to effectively adopt BIM. Eleven countries (US, UK, Sweden, Finland, Russia, Denmark, Korea, 

Hong Kong, Australia, Dubai, and Singapore) have mandated the implementation of BIM across 

their industries, two countries (Norway and Austria) have IFC, Open BIM standards, and a 

mandate in place, six countries (Scotland, France, Mexico, Peru, Chile, and Qatar) will have future 

mandates fixed and adjusted across their industries, seven countries (Canada, Portugal, Spain, 

Netherlands, Germany, Japan, and China) have BIM programmes planned, and finally six 

countries (Brazil, Switzerland, Italy, Belgium, Czech Republic, and New Zealand) are setting out 

plans to prompt BIM adoption. This indicates the fast pace at which the globe is adopting BIM, 

whereby countries are either currently adopting or mandating it, or have various future plans to 

adopt and enforce BIM across their industries. Hence, as a result of government mandates on 

BIM, organisations and projects could be more ready to implement BIM, since it will help to 

recognise the benefits on construction projects, such as reduced overall cost and time, and 

increased efficiencies. Having reviewed how BIM was mandated across the globe, the next 

section examines the UK’s approach to BIM, known as the Level 2 BIM mandate and the new BS 

EN ISO19650 standards. 

Figure 2.7 Global BIM Regulation Evolution adoption of standards across the globe (McAuley et al., 2017) 
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2.8 UK Approach to BIM  
 

To introduce the UK BIM approach, maturity was used to define its implementation phases 

(Succar, 2009). The universal adoption road map expects that Level 2 BIM maturity is 

implemented across all public projects by 2016 (BIM Level 2. 2016). Thus, 73% of more than 1000 

professionals and organisations surveyed reported using BIM within the UK.  Moreover, the 

majority (at 37%) identified that the BIM use is a standardised process that either follows the BS 

and PAS 1192 series, previously known as BIM Level 2; In addition, 26% of the sample indicated 

the use of the latest BS EN ISO19650 standards (NBS. 2020). Figure 2.8 distributes the four levels 

of BIM demonstrated by Bew and Richards (2008), which was then transferred to the new BS EN 

ISO19650 standards (BS EN ISO 19650-1:2018, 2019). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A BIM maturity/evolution was developed by the BIM task group, which consists of four levels (0-

3). These levels provide an overview of project development, and enables and supports the 

collaborative delivery of a project. Table 2.7 provides the definition of BIM levels by the British 

Standards Institution (Bew and Richards, 2008; BSI. 2008). 

 

Level 0 indicates that collaboration does not exist. This is what the industry worked on as a whole 

following the computer revolution of the 1990's. CAD platforms were used to create drawings 

and Excel spreadsheets used to calculate costs on an organisational level (HM Government. 

Figure 2.8 UK BIM task group maturity levels (Bew and Richards, 2008; BIM task group, 2013) 

Table 2.7 BIM maturity levels definition (Bew and Richards, 2008; BSI. 2008) 
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2012). Thus, data exchange was limited to different paper formats. Level 1 refers to a 

combination of 3D CAD models with 2D drawings. This information is shared on a common 

platform at the contractor level and not shared with other disciplines. Overall, the industry has 

been operating at Level 1 for the past decade. Level 2 BIM focuses on the collaborative sharing 

of this 3D information. Whilst each party can use its own 3D CAD model, the sharing of 

information is made possible through a common file format. This in turn allows for any 

organisation to combine data from different models to form a federated BIM model. A federated 

model is a combination of data from various models that allows for the different analysis of the 

design's integrated aspects (i.e. clash detection). Level 3 takes a step further than the federated 

model approach, or collaborative BIM. It requires the use of a single BIM model, and demands 

that all participants use this model for data input. According to Bew and Richards (2008) and the 

UK BIM task group (2013), the classification of BIM into levels aimed to provide collaborative 

employment to better address various processes and evaluate the tools and techniques 

available. Overall project success rates and performance improvements are expected to occur 

from the application of Level 2 BIM.   

According to the government’s targeted aim, this includes 33% cost reduction, improved carbon 

performances and project delivery efficiencies (BIS. 2011, 2013a). It is hoped that, as a result of 

its many claimed benefits, BIM would promote these changes. BIM’s economic development is 

guided by local and international economies, according to HM Government (2013). By meeting 

the ambitious 15-20% savings goal for capital projects by 2025, the expected savings for UK 

infrastructure and its clients through the widespread adoption of BIM are expected to total £2bn. 

Nonetheless, as BIM is seen differently across various stakeholders, its various definitions have 

resulted in a lack of awareness and knowledge across the UK industry (Bew and Underwood, 

2010). Bew and Underwood propose that BIM can improve a facility's construction and 

operational efficiency by bridging the knowledge loss gap that occurs within the project’s 

handling stages from the design to construction teams and to prospective stakeholders. As a 

result, this would allow for a review of the BIM template information needs (Bew and Underwood, 

2010). The next section will explore how BIM was adopted across the UK in general.  

2.8.1 BIM Adoption in the UK  
 

The introduction of BIM is progressive and is often characterised as a journey. The government 

set out a specific direction of travel for the industry by defining various levels of BIM and 

mandating Level 2 BIM, as presented in Figure 2.11.  The NBS report (2018) shows that only 30% 

confirmed reaching Levels 0, 1 and 3, whereas 70% confirmed reaching Level 2 BIM in their 
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organisations. This indicates successful approach to Level 2 BIM as set out by the UK government 

and confirms the industry is moving forward with its implementation.  However, BIM in the UK 

has moved from Level 2 BIM to the BS EN ISO19650 standards, and its levels of adoption are 

presented in the NBS report (2018). Figure 2.9 presents the levels of BIM adoption in the UK. 

 

As a result of the HM Government mandate of Level 2 BIM in the UK and the NBS reports (2019, 

2020), the adoption of BIM has increased in the UK over recent years. It is worth mentioning that, 

since the UK mandate on Level 2 BIM in 2016, the statistics have subsequently shown an 

increased level of BIM adoption. This was based on a survey conducted with the UK construction 

industry on the knowledge of BIM users. The findings are shown in Figure 2.10 (NBS. 2021). 

 
 

This indicates that, since Farmer’s report (2016), the HM Government mandate on the 

implementation of Level 2 BIM (2012), and the NBS earlier reports (2019, 2020) have helped to 

raise industry awareness and understanding of BIM, as 54% stating this, while 71% confirmed 

this to DATE in 2021 (NBS. 2021). However, earlier in 2019, BS EN ISO19650 standards (Parts 1 

and 2) were launched, which supersede Level 2 BIM and refer to information requirements across 

Figure 2.9 Levels of BIM adoption in the UK (NBS. 2018) 

Figure 2.10 Levels of BIM adoption in the UK (NBS. 2021) 
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projects (NBS. 2020, 2021). This indicates the transformation from reference to a vague BIM 

concept, to better, specific information management on projects. This occurs by superseding 

Level 2 BIM standards, such as PAS1192:2 and BS1192:2007, to BS EN ISO19650 standards such 

as the PD19650 transition guidance, BS EN ISO19650 Parts 1 and 2. These are defined as 

collaborative processes for effective information management and would be recognised globally 

as the UK approach to BIM (UK BIM framework, 2019a; b). According to Shillcock (2019), the need 

for an international standard became apparent from the PAS1192 series benefits, which were 

recognised internationally by clients. Hence, an international set of standards; BS EN ISO19650 

standards were suggested to recognise the level 2 BIM standards at an international level. Having 

reviewed BIM adoption in the UK, the next section discusses the Level 2 BIM approach, followed 

by the transition from Level 2 BIM series to the BS EN ISO19650 standards. 

2.8.2 BIM in the UK (Level 2 BIM) 
 

The UK government imposed a mandate on Level 2 BIM on all central publicly procured UK 

projects by 2016 (NBS. 2016). The government mandate discusses a number of criteria on the 

main components that formulate Level 2 BIM. Thus, it is vital to clearly define Level 2 BIM and to 

clearly outline its expected benefits, which could be reflected amongst the UK industry towards 

their rapid adoption of BIM. Level 2 BIM has been defined as: “A series of domain and 

collaborative federated models, and the models consists of both 3D geometrical and non-

graphical data and are prepared by different parties during the project life-cycle” (BIM level 2. 

2016; NBS. 2016). It also states that, “BIM Level 2 requires all project and asset information, 

documentation and data to be electronic, which supports efficient delivery at the design and 

construction phases of the project.” (BIM Level 2. 2016).  

In 2012, the UK Government launched the Industrial Strategy to reduce the cost of public sector 

capital by up to 20 percent by 2016 (HM Government. 2012). This was implemented to accelerate 

the adoption of BIM processes across both the public and private sector in order to promote 

benefits such as: reduced risk, increased carbon efficiency, and consistent planning (BIM Level 2. 

2016). The strategy highlighted its challenge to existing business models and practises and 

encouraged greater collaboration, efficiency, innovation and value across all market elements. 

Table 2.8 presents a number of the Level 2 BIM standards and processes. 
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The sample of standards shown in Table 2.8 demonstrates the required standards and processes 

when implementing Level 2 BIM. The BIM task group published the Level 2 BIM standards across 

a set of reports and publications. Level 2 BIM requirements were identified through a set of 

standards and processes for application. The UK Level 2 processes for the Level 2 BIM approach 

in Asset Capital Delivery and Operational phases are available in Figure 2.11 (Kumar, 2015; NBS. 

2016). They demonstrate the processes for implementing the information set out in the PAS1192 

standards parts 2 and 3. 

Table 2.8 Level 2 BIM Standards and Processes (BIM level 2. 2016; BSI. 2013, Kumar, 2015) 
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Projects teams when adopting and implementing Level 2 BIM on projects follow these 

documents. Nevertheless, all documents are considered in many instances, but are not generally 

accepted, so the plan is often defined as operating "in the spirit" of Level 2 BIM, since there is a 

fear that the lack of understanding by clients that would prevent the adoption of the set of 

standards, as set out in the NBS survey (NBS. 2020). Having reviewed and presented the essence 

of Level 2 BIM, the next section will discuss the transition to the new BS EN ISO19650 standards, 

which superseded Level 2 BIM in early 2019. 

2.8.3 BIM in the UK (Transition to the new BS EN ISO19650 standards) 
 

The BS EN ISO19650 is based on a set of international standards that are recognisable from the 

PAS1192 standards. Thus, building upon the PAS 1192 standards, the BS EN ISO19650 standards 

enables teams from around the world to minimize wasteful activities and increase predictability 

around cost and time, through a common approach to the management of information (Shillcock, 

2019). International organizations from different countries demanded that the International 

Organization for Standardization (ISO) elevated the PAS 1192 standards to an international level 

(Dadmehr and Coates, 2019). According to Shillcock (2019) “the adoption of the UK 1192 series 

in the UK was hampered due to the lack of clear guidance. As a result, we ended up with a 

scattergun approach to guidance that was based upon different interpretations of the standards, 

which invariably included misinterpretations, contradictions or mistakes.” This clearly suggests 

that the PAS1192 standards lacked clear guidance, which resulted from the lack of understanding 

of level 2 BIM standards amongst clients (NBS. 2020). Although the results from the NBS reports 

(2020, 2021) indicated the relatively successful adoption of BIM (and specifically Level 2 BIM), in 

early 2019, this took a step forward when the new BS EN ISO19650 standards replaced Level 2 

BIM to promote better information management on projects through BS EN ISO19650 standards 

(NBS. 2020, 2021; Shillcock, 2019).  

Figure 2.11 Level 2 BIM Processes across the asset capital delivery and operational phases (NBS. 2016) 
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BS EN ISO 19650 is an international set of standards, which defines the collaborative processes 

for effective information management throughout the asset delivery and operational phase in 

the use of information modelling (BIM). The BS EN ISO19650 standards can be adopted by 

international organisations from various countries. For the UK, BS 1192 and PAS 1192-2 are 

superseded by BS EN ISO19650-1 and BS EN ISO19650-2; moreover, the publication of BS EN 

ISO19650-1 and BS EN ISO19650-2 represents a significant step forward in standardising 

information management requirements on projects through BIM as part of an internationally 

agreed set of concepts and principles. In addition, the transition guidance, known as the 

PD19650-0 has been prepared specifically to support existing adopters of BS 1192 and PAS 1192-

2. This helps to understand the changes made between the UK’s existing standards, and the 

superseding ISO documents (UK BIM framework. 2019a, b). The usage of the new BS EN ISO 

19650 standards reflects back on the UK strategy highlighted in the Construction Playbook (HM 

government. 2020c) across one of their policies (Further embedded digital technologies), which 

indicates the need from local authorities to use the UK BIM Framework to standardise the 

approach to generate and classify data, data security and data exchange, and to support the 

adoption of the Information Management Framework. The adoption of the UK BIM framework 

will improve the performance, sustainability and value for money of projects and programmes. 

This further justifies the need to develop the proposed BIM maturity/KPI assessment that follows 

the new standards based on the UK government strategy. Figure 2.12 demonstrates the timeline 

from Level 2 BIM standards to the new BS EN ISO19650 standards, while Table 2.9, on the next 

page, presents the transferred terms from PAS 1192 to BS EN ISO19650, which ensures that the 

essence of both remain the same and only the terminology used to describe the terms have been 

changed. This ensures that the usage of BIM in this research remains relevant to the UK approach 

to BIM as a result of the transition from Level 2 BIM to BS EN ISO19650. 

Figure 2.12 Transition from Level 2 BIM to BS EN ISO19650 (UK BIM frameworks. 2019a, b) 
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Figure 2.12 and Table 2.9 illustrate the transition from Level 2 BIM to BS EN ISO19650 as part of 

the UK approach to BIM from 2016 to the present time. In addition, the new BS EN ISO19650 

standards provide an updated transition for the levels from Level 2 BIM to BS EN ISO19650 parts 

1 and 2 (Figure 2.12). The figure demonstrates the transition of the BIM levels, and shows how 

the benefits are transferred into models across four layers and three different stages, in which 

the BS EN ISO19650 Parts 1 and 2 are met. This helps to better understand the purpose of the 

new standards. 

 

Figure 2.13 shows that maturity has been translated from Levels 0-3 to stages 1-3, and the 

maturity for which BS EN ISO19650‑1 and BS EN ISO19650‑2 have been designed apply 

predominantly across ISO maturity stage 2, but with some applicability in both stages 1 and 3 (UK 

BIM framework. 2019a, b). 

Table 2.9 Translated BIM metrics from PAS1192 to BS EN ISO19650 (PD 19650‑0:2019, 2019) 
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The BS EN ISO19650 diagram covers what has been referred to in the UK as BIM Level 2, plus 

some aspects of what has been referred to as BIM Level 1 and BIM Level 3. This is diagram is 

significant as it highlights that the ISO 19650 suite remains relevant as BIM implementation 

continues to develop. According to the PD 19650‑0:2019 Standard (2019), the similarities 

between both diagram are in the:  

1) increasing complexity and sophistication of information moving from left to right; 

2) recognition of differences in standards at different stages or levels of maturity; and 

3) increasing levels of collaboration with increasing maturity. However, the 

differences are as follows: 1) four clear layers to the ISO 19650‑1 diagram, including 

a business layer which is not explicit in the UK maturity model; 2) no equivalent to UK 

BIM Level 0 in the ISO 19650‑1 diagram; and 3) clearer subdivision of the information 

layer in the ISO 19650‑1 diagram than is shown in the UK maturity model.  

As a result, this shows the importance of the BS EN ISO19650 and how it has helped to deliver a 

better understanding of BIM in the UK. It also ensures that the proposed assessment as the main 

aim set for this research will need to reflect and embed the new standards to align with the UK 

government adoption strategies with new technologies (HM government. 2020c), which will 

return overall benefits to the UK public sector clients, and thus, this emphasises the importance 

of this research in achieving the aim of delivering an assessment (according to the new standards) 

that will be adopted  across the client sector. Having reviewed the UK approach to BIM in relation 

to Level 2 BIM and the transition to BS EN ISO19650, the next section will summarise this chapter. 

 

 

Figure 2.13 Transition from UK Level 2 BIM maturity levels to ISO19650 levels (BS EN ISO 19650-1:2018, 2019) 
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2.9 Summary 
 

This chapter presented a review of the literature on the current UK construction industry. 

Historical reports were presented and highlighted the significance of BIM to the UK industry. 

Problems that have continued to exist within the UK were discussed in order to explore the 

barriers and challenges that the UK construction sector currently faces. An exploration of 

construction clients and their different uses were emphasised. In addition to this, the chapter 

highlighted the vital role of clients in leading the implementation of innovation in the UK 

construction industry. The history of BIM, including what it is and the BIM approach for clients, 

was outlined; moreover, the BIM approach was explained in detail and some of the benefits and 

challenges derived for clients were extracted. A clear definition of the UK approach to BIM was 

presented, which examined the approach to Level 2 BIM in the first instance.  This was followed 

by the transition to the new BS EN ISO19650 standards and the need to adopt the UK BIM 

framework as part of the government initiative on the usage of Further embedded digital 

technologies. The next chapter will review BIM maturity assessments, KPIs, and their 

relationship. The next chapter will also discuss BIM and KPIs separately, including how they 

relate, and what they can offer clients.  
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3.1 Introduction 
 

Having reviewed the UK construction industry and the UK approach to BIM and digital 

transformation, this chapter explores existing BIM maturity assessments, KPI metrics, and their 

relationship.  It also examines how this aligns with the adoption of Level 2 BIM/BS EN ISO19650 

standards amongst UK construction clients. Hence, this chapter aims to explore maturity 

assessments, and highlight those mostly closely related to BIM maturity, as it is important to 

explore how maturity assessments began, and how BIM maturity is adopted across maturity 

assessments. Furthermore, a critical review of BIM maturity assessments in the literature will be 

presented to demonstrate their usage and various applications in the UK and across the globe. 

In addition, KPIs will be explored to identify the key elements that are used to measure the overall 

performance of the construction industry within the UK and across the globe. Moreover, a review 

will be conducted into how BIM maturity and KPI metrics have been linked to recognise the gaps 

that exist, which will help to deliver solutions to link the two, which is the aim of this research.  

3.2 What are Capability, Maturity, and Competency? 
 

Industry practitioners have offered Various definitions of capability, maturity and competencies. 

For example, capability is generally defined by the quality or state of being capable of or ability 

to perform a particular outcome. However, according to Winter (2000, p.983) “An organizational 

capability is a high-level routine (or collection of routines) that, together with its implementing 

input flows, confers upon an organization's management a set of decision options for producing 

significant outputs of a particular type”. This indicates that capability refers to the ability to 

perform and produce outputs that are significant to an organisation.  

In terms of maturity, Andersen and Jessen (2003) define maturity as the quality or state of being 

mature, whilst Appleby et al. (2007) state that maturity is, “a comparative level of advancement 

an organisation has achieved with regard to any given process or set of activities. Organisations 

with more fully defined and actively used policies, standards, and practices are considered more 

mature.” However, the general definition of maturity is the state of being fully developed, or of 

development having reached its optimum.  

Finally, competencies have been defined as “the skills, knowledge, abilities and other 

characteristics that someone needs to perform a job effectively” (Schuler and Jackson, 2003). 

Selby et al. (2000) described competency as an ability expressed in terms of behaviour. This 

indicates that competency is defined as applied skills and knowledge, which enable people to 

successfully perform their work, while learning objectives are specific to a course of instruction.  

Having defined each concept, existing assessments are performed for each concept. In terms of 
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capability assessments, these relate to how capable an entity is to perform activities under 

assessment. Maturity assessments test the performance of activities as a set of progressions 

from one level to another. Competence assessments determine the skills needed to perform 

under an assessment, which relies on the individual’s knowledge, experience, and behaviour. 

These three concepts denote the concept of ability; however “minimum ability” refers to the 

context of capability; “the extent of that ability” applies to maturity, and “a set of abilities” to 

competencies (Mahamadu, 2017). Having identified the differences between each concept, the 

next section will relate each concept to BIM.  

3.2.1 Differences between BIM Capability, Maturity, and Competency  
 

Individuals and organisations are unable to measure their success or failure without the presence 

of BIM metrics (Mahamadu, 2017; Succar, 2010). BIM metrics allows users to benchmark their 

performance and measure their methods (capabilities/maturity/competencies) across 

competitors (Succar et al., 2012; Kam et al., 2014). They also help to identify areas for better 

performance and improvements (Kam et al., 2013b). A series of frameworks conceptualising BIM 

capability, maturity, and competency have been developed (Azzouz et al., 2016; Badrinath et al., 

2019; Dakhil, 2017; Giel and Issa, 2013b; Mahamadu, 2017; Succar, 2009; Succar et al., 2013). In 

addition, such BIM assessment frameworks and toolsets have been developed for different 

capability assessments including at an individual, team, organisation, project and even country-

level (Succar, 2010; Dakhil, 2017). According to Succar et al. (2012), the presence of a BIM 

capability metrics measure would enhance capabilities to deliver better BIM services.  

Nevertheless, there are different definitions for each concept. The terms capability, qualification, 

performance, maturity, competence and readiness have been used inter-changeably to describe 

the ability to measure BIM progression (Dakhil, 2017). BIM capability has been defined as: “BIM 

capability is the basic ability to perform a task or deliver a BIM service” (Succar, 2009). Maturity 

has thus been defined: “BIM maturity is the quality, repeatability and degree of excellence within 

a BIM capability (Succar, 2009). According to Paulk et al. (1994) maturity is defined as, “the extent 

to which a specific process is explicitly defined, managed, measured, controlled, and effective.” 

Competency was described as “a combination of skills, abilities and knowledge needed to perform 

a specific task and an essential indicator and generic set of abilities suitable for implementing 

BIM” (Jones, & Voorhees, 2002).  

In the context of this research, “the extent of that ability” will be acknowledged when developing 

a BIM assessment, since not only it will be important to assess “the minimum ability and a set of 

abilities” when implementing BIM across individuals and organisation, but it will also be vital to 
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recognise the extent of that ability and how they could assess the implementation of BIM across 

an assessment. Maturity in this research is used to cover all relevant BIM concepts, namely 

assessments, models, capability, competencies, and maturities. As a result, the BIM concept that 

would best fit this research is BIM maturity, as it is represented by a list of BIM activities and 

processes which measure its progression from one point to another. Maturity is involved in 

simply delivering the required measure and a set of descriptions from one level to another. 

Furthermore, maturity assessments best fit with this research, since this type assesses the level 

of activity achievement from one level to another, which reflects the aim and objectives for this 

research. The next section will give a more detailed description of maturity assessments, review 

the most popular, and justify the assessment type for this research.  

3.2.2 Maturity Assessments 
 

In terms of management disciplines, the global market has developed an interest in maturity 

models, which similarly reflects an increasing concern to develop a BIM maturity model that 

enables growth in maturity and allows for the transformation within organisations by offering a 

model to guide the route (Almarabeh and AbuAli, 2010; Khoshgoftar and Osman, 2009). Maturity 

models have been used in many domains including construction, for example Standardised 

Process Improvement for Construction Enterprise (SPICE) (Sarshar et al., 2000). Other models 

have been developed for IT related capability including Benchmarking and Readiness Assessment 

for Concurrent Engineering in Construction (BEACON) (Khalfan et al., 2001).  

Maturity models are used to guide improvement efforts (Jugdev and Thomas, 2002) and the 

models help an organisation to benchmark their strengths and weaknesses through the 

information they obtain. All models were driven by the Quality Management Maturity grid 

developed by Crosby (1979) and related to the quality management requirements at each 

maturity level. Furthermore, maturity models differ from one another in the concepts they 

embody and the suggestions they make as to what the path to maturity looks like.  

Since there is an existing focus on the maturity assessments and models, a critical review of 

different types of maturity models is presented. Having reviewed the existing models that 

followed the same components of Crosby’s model, nine popular models are believed to correlate 

with a maturity model. Those are as follows: Process Maturity (Rummler-Brache Group. 1995), 

Project Management (PM2) (Kwak and Ibbs, 2002), NASCIO Enterprise Architecture maturity 

(NASCIO. 2013), Project Management Maturity (Cooke‐Davies, T. 2004), Business Process 

Maturity (Fisher, 2004), Supply Chain Maturity (Lockamy III and McCormack, 2004), Portfolio, 

Programme and Project Management Maturity (P3M3®) (Sowden, Hinley, & Clarke, 2008), 
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Capability Maturity Model Integration (CMMI) (Chrissis et al., 2003), and European Foundation 

for Quality Management (EFQM) Excellence (EFQM. 2012). The models, along with their 

descriptions, are available in Appendix B. In the context of this research, maturity is used as a set 

of levels to assess the progression of BIM as a software, management, and technological 

approach from one level to another.  

Having reviewed the existing maturity models, the most relevant model for the nature of BIM is 

the five-level Capability Maturity Model Integration (CMMI) since most of the BIM related 

maturity models have adopted the CMMI approach (Chrissis et al., 2003; Paulk et al., 1994). BIM 

has been defined as a software process and has been used as software; thus, CMMI is used to 

assess maturity. The model has frequently been used by organisations as the basis of a maturity 

model. Having presented the maturity model that is most relevant to the nature of BIM, the next 

section reviews the existing types of BIM Maturity Assessments to be linked back to the CMMI.  

3.2.3 BIM Maturity Assessments 
 

BIM maturity assessments have emerged from various studies by different authors across the 

globe, and a number of BIM assessments have been conducted. The main purpose of BIM 

maturity is to measure the effectiveness of BIM maturity abilities across construction industries, 

which may reflect the UK mandate and enable an examination of BIM project success across the 

UK (Aboumoemen and Underwood, 2017, 2019). BIM maturity assessments formally measure 

the level of ability, based on specific criteria, in order to help to derive benefit and value by 

developing their organisational maturity in relation to the implementation of BIM. To achieve the 

desired BIM benefits, the required maturity levels within models should be simplified in order to 

deliver valued benefit to BIM users and client organisations (Giel and Issa, 2013b; Nepal et al., 

2014; Succar, 2010a). According to Azzouz et al. (2016), BIM assessment methods (AMs) have 

been developed in different countries, such as the US (7 AMs), UK (3 AMs) and Australia (3 AMs); 

thus, BIM maturity models mainly focus on these countries. Models can be categorised into two 

main maturity classifications based on their evaluation process (Giel and Issa, 2013b), which are 

project and organisational. This agrees with the findings of Dakhil (2017) who categorised models 

into three classifications, namely individual, project and organisational.  

There has been an increase to the number of BIM maturity assessment methods in recent years 

(BRE. 2016; Badrinath et al., 2019; Chen et al., 2012; Giel and Issa, 2013a; Kassem & Li, 2020; 

Mom and Hsieh, 2012; Nepal et al., 2014; Succar, 2010a). Assessments were available in various 

countries across the globe, which ensures that BIM is spread widely across several countries. BIM 

maturity assessments in the literature measure BIM maturity at a project or organisational level. 
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Therefore, a review of these assessments shows that various BIM assessments exist, which 

measure the level of BIM maturity across different organisations. Furthermore, the number of 

existing assessments range from six (Aboumoemen, 2016; Giel and Issa, 2013), nine (Bougroum, 

2016; Wu et al., 2017), eleven (Dakhil et al., 2015; 2016; Månsson and Lindahl, 2016) 16 (Azzouz 

et al., 2016a; 2016b; Kassem & Li, 2020), 32 (Badrinath et al., 2019), 45 (Aboumoemen and 

Underwood, 2019) to 64. These are classified into three maturity types (project, organisational, 

and individual) and based on seven sub categories (Aboumoemen and Underwood, 2017).  

The maturity of a project is based on different maturity uses and categorised under project 

assessment models (PAM). The implementation of BIM across organisations’ maturity 

measurement processes is categorised under organisation assessment models (OAM). The 

classification of BIM assessments into project and organisational would follow the five-level 

assessment used by the Software Engineering Institute (SEI-CMM) (Humphrey, 1988; SEI. 1993), 

which in return follows the CMMI approach (Chrissis et al., 2003; Paulk et al., 1994). This is 

therefore relevant to an existing five-level assessment for assessing software levels that is 

relevant to the measurement of BIM maturity. Figure 3.1 illustrates the five-level SEI-CMM, and 

offers a description of each level (Paulk et al., 1994; SEI. 1993). 

 

 

Figure 3.1 Software Engineering Institute-Capability Maturity Model levels explanation (Paulk et al., 1994; SEI. 1993) 
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According to Figure 3.1, there are five maturity levels. The levels that define the BIM of 

implementation are defined as follows (Paulk et al., 1994; SEI. 1993): 

1) Initial (Ad-hoc): At this maturity level, a process produces results in which specific goals 

are satisfied; however, processes are unpredictable, poorly controlled and reactive, are 

usually ad-hoc and chaotic, and organisations do not usually provide a stable environment. 

2) Repeatable (Managed): A process is planned and characterised for projects, is often 

reactive, and executed in accordance with policy; it employs skilled people with adequate 

resources to produce controlled outputs. Software development successes are repeatable. 

The processes may not be repeatable for all projects in an organisation. 

3) Defined: A process is tailored to the organisation’s standard processes according to the 

organisation’s guidelines and is proactive. The organisation’s set of standard processes is 

established and improved over time. These standard processes are used to establish 

consistency across the organisation. 

4) Quantitatively Managed (Integrated): A process is managed and integrated using 

statistical and other quantitative techniques to build an understanding of the performance, 

or predicted performance of processes, where the processes are measured and controlled. 

Using precise measurements, management can effectively control the software 

development efforts. At this level, an organisation sets a quantitative quality goal for both 

software process and software maintenance. 

5) Optimising: A process is continually improved through incremental and innovative steps 

and technological improvements are based on a quantitative understanding of its business 

objectives. 

This shows that the essence of a BIM maturity assessment should follow the CMMI approach to 

maturity assessments in general and the SEI level assessment with BIM in specific. Having 

presented the five levels of maturity that are most relevant to the nature of BIM and having 

introduced existing BIM maturity assessments from key sources, and classified them into project 

and organisational assessments, the next section will demonstrate the method of analysis for 

BIM maturity assessments, which will be followed by an in-depth exploration of KPIs and their 

various assessments.  The potential relationship between BIM and KPIs will then be determined, 

and the analysis will be repeated across all three areas (BIM maturity, KPIs, and the combination). 
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3.3 Literature Review on Interrelationships between BIM Maturity and KPI metrics 

 

As the maturity assessment has been outlined and maturity, related to this research, has been 

selected, the next section aims to demonstrate how BIM assessments are relate to maturity 

assessments. Furthermore, it will provide a description of KPI metrics and how they have been 

used. Finally, it is vital to establish the previous efforts to combine BIM maturity and KPI metrics, 

including how they have been used in the construction industry across the globe. This will help 

to achieve the aim and objectives set within the literature. It is essential to provide a literature 

review on BIM maturity, KPIs, and their combination, including how they were previously used.  

KPI metrics provide the essence to identify a set of indicators that measure a project’s success.  

Furthermore, key KPIs act as good measures to meet the vision of UK clients. In comparison, KPI 

assessments deliver a number of assessments that help to deliver predefined KPIs, and measure 

and monitor the progress of construction projects within organisations through various types of 

assessments. Hence, BIM maturity assessments assess the level of ability related to BIM through 

progression from one level to another; in contrast, KPI assessments measure and monitor the 

performance of construction projects. BIM maturity and KPI metrics can be linked through the 

delivery of a list of metrics that could be used to assess one another and how they could be 

linked. Therefore, to achieve the main aim for this research, the concept will be used to measure 

project success and then linked to BIM to monitor project performance through KPIs. As a result, 

this section aims to demonstrate how BIM maturity and KPIs could be linked to measure project 

performances for UK clients.  

A comparative analysis will be conducted to provide the necessary information on what has 

existed previously. This will be achieved through the following procedures: 

1) A qualitative analysis will be provided, which will discuss the main reasons for the 

classifications and the main types relating to the assessments for comparison. This will 

include the classification of assessments into categories based on the methods used and the 

types of assessments applied. This entails outlining the strengths and weaknesses in order 

to reflect on the strengths and consider how to avoid/address the weaknesses. This type of 

analysis helps to answer questions related to who, what, why, and how.  

2) A quantitative analysis will be provided on the existing assessments to demonstrate their 

similarities and differences. This will include a statistical summary of the findings in the form 

of numerical representation. This type of analysis helps to answer questions related to how 

many, and where. 
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3) Finally, a critical evaluation from which key findings will be outlined and include an overview 

of the assessments including how they compare to those emerging from the literature. 

These procedures help to deliver a balanced of qualitative and quantitative analysis by extracting 

the findings for each type to determine the existing gaps in the literature. This also helps to 

summarise and compare the outcomes. The next section presents the BIM maturity assessments 

that emerged from both the project and organisational levels. The BIM maturity assessments will 

be demonstrated to show how assessments were used, the type of methods and categories in 

existence, and a summary of the main features within each assessment, along with their 

strengths and weaknesses. 

3.4 An Evaluation of BIM Maturity Assessments  

 

Industry practitioners and academics have developed a set of assessments was to evaluate BIM 

within the Architecture, Engineering, and Construction (AEC) industry (Giel & Issa, 2014). 

Following an extensive review of BIM maturity assessments from the literature, it was concluded 

that there are currently 92 in existence. Based on an analysis conducted on BIM, seven categories 

were established. These include the following:  

 

1. BIM competencies and capability assessment (self) (23 assessments): these assess 

individuals’ competencies and capability within organisations through a self-assessment 

tool (Amuda-Yusuf 2018; BIM-Profiler. 2020; BIMIcon. 2021; BIMTASKFORCE. 2013; BRE. 

2016; CDBB. 2021a; Chan et al., 2019; CPI. 2011; Dakhil, Underwood, & Alshawi, 2019; DBE 

Careers. 2021c; DFT. 2016; Giel & Issa, 2014; HS2 BIM. 2016, IfM. 2018; Lee and Yi, 2011; 

Liu et al., 2021; Mahamadu et al., 2019; NBS. 2016; NFB. 2016; Scottish future trust. 2017; 

Supply Chain Sustainability School, 2017; Wates, 2019; Yilmaz, Akcamete, & Demirors, 

2019).  

2. Assessment framework (22): outline requirements of BIM maturity through the provision 

of an assessment framework (Abbasianjahromi et al., 2018; Aboumoemen, 2016; Bew & 

Richards, 2008; CDBB. 2021b; Chen, 2015; Dakhil, 2017; DBE Careers. 2021b; Gao, 2011; 

Haron, 2013, Jayasena  and Weddikkara, 2013; Jones, 2020; Jung and Joo, 2011; Kumar and 

Hayne, 2016; Mansoon, Hampson, and Lindahl, 2017; Manzione et al., 2011; Mom, & Hsieh, 

2012; Marsh, 2017; Nepal, Jupp, and Aibinu, 2014; Olawumi and Chan, 2018; Shin, Jungsik, 

& Kim, 2015; Walters, 2021; Wu et al., 2017).  

3. Assessment method (other) (14): Other methods that were used to assess BIM (ACE. 2008; 

Cerovsek, 2011; Edirisinghe et al., 2021; Khosrowshahi and Arayici, 2012; Olawumi and 
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Chan, 2019; Olugboyega and Windapo, 2019; Park et al., 2013; PlanBIM. 2019; Shin and 

Choi, 2016 and 2017; Sun et al., 2021; Taylor and Bernestein, 2009; Tian et al., 2019; Won 

& Lee, 2014; Yun et al., 2018).  

4. BIM Functional model (tool) (11): assesses BIM progression on models through a 

functional model (Ahankoob et al., 2018; Chen, Dib, & Cox, 2014; Chen et al., 2016; DBE 

Careers. 2021a; Enegbuma, Aliagha, & Ali, 2014; Lee, Yu, & Jeong, 2015; Liu et al., 2020; 

Olugboyega et al., 2020; Rojas et al., 2019; Sebastian & Berlo, 2010; Siebelink et al., 2018).  

5. Maturity model for levels 1-5 (nine): maturity models are based on five levels: a) Initial, b) 

Defined, c) Managed, d) Integrated, and e) Optimised.  These are driven by the Capability 

Maturity Model and assess BIM maturity (ARUP. 2014; Badrinath, ASCE, & Hsieh, 2019; 

Hore et al., 2017; Messner and Kreider, 2013; Mott Macdonald, 2017; Munir et al., 2019; 

Pontes, 2016; Succar, 2009; Succar & Kassem, 2015). 

6. Scoring criteria percentages for projects (nine): identify where projects are regarding the 

adoption of BIM through project scoring criteria (BIMexcellence. 2016; bimSCORE. 2013; 

Böes et al., 2021; Jenaban, Dawood, Graggs, and Kassem, 2016; Joblot et al., 2019; Kam et 

al., 2013; Liang et al., 2016; MoJ. 2016; Vico. 2011). 

7. Scoring criteria percentage on a model with possible certification (four): scoring criteria 

with certification can help to identify where models are in relation to BIM adoption 

(Alaghbandrad et al., 2015; Du, Liu, & Issa, 2014; Indiana University. 2009b; NIBS. 2007).  

 

For the purpose of this study, nine of the BIM maturity assessments within these categories 

included KPI metrics, as identified by the authors of those studies, and are included in the 

following category: 

8. Combined BIM/KPI (driven from other categories) (11): Various lists of KPIs and methods 

are included within the BIM assessments (Aboumoemen, 2016; Manzione et al., 2011; MoJ. 

2016; Mom and Hsieh, 2012; Olugboyega et al., 2020; Park et al., 2013; Sebastian & Berlo, 

2010; Shin and Choi, 2016 and 2017; Shin, Jungsik, & Kim, 2015; Won & Lee, 2016; Yun et 

al., 2018).  

The complete set of studies on BIM maturity is available in Table 3.1.  
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Table 3.1 Existing BIM maturity assessments across the literature 
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This section presents the qualitative findings of the BIM maturity assessments available. Based 

on the evaluation of available BIM assessments, eight outcomes are required to evaluate existing 

BIM maturity assessments in the literature. They are:  

1. BIM parameters (minimum of ten which will cover the basic outcomes of BIM in the 

construction industry): this helps to set assessment criteria for the levels of BIM maturity. 

2. BIM should be considered as a modelling process that uses a set of documentation and 

not as a piece of software or 3D model: this is the universal definition of BIM, and the UK 

and other governmental bodies have acknowledged BIM as a modelling process. 

3. BIM should follow the 1-5maturity levels concept: most of the BIM maturity studies have 

adopted the concept of the BIM maturity levels 1-5. 

4. BIM capability self-assessments should reflect not only individuals, but also projects and 

organisations: it expects that benefits from a self-assessments should not only target the 

individual but also to be recognised within the organisation and amongst projects. 

5. A number of conclusions exist that some are considered strengths in the limited BIM 

maturity assessments within the literature: the conclusions will help recognise effects of 

the final outcomes in the studies and how these could be reflected in this research. 

6. A set of limitations exist which may be considered weaknesses in the limited BIM 

maturity assessment within the literature: these limitations will help to recognise the 

negative effects of the outcomes in the studies presented, and thus what actions could be 

required to overcome them, as directly reflected in the findings of this research. 

7. Existing most popular BIM maturity models/assessment/tools/frameworks: this helps to 

determine the common assessments that exist in the literature and their different types. 

8. Existing additional BIM maturity models/assessment/tools/frameworks: this helps to 

determine additional assessments that are not covered across studies and their different 

types. 

These outcomes help to visualise how BIM assessments are presented, what is required to 

develop a BIM maturity assessment, and what is the basis for developing an assessment that 

focuses on BIM maturity. These outcomes help to identify key focus areas for BIM maturity and 

the Level 2 BIM/BS EN ISO19650 standards. Thus, they represent a starting point to develop an 

assessment that expects to assess BIM maturity in relation to the BS EN ISO19650 standards.  This 

would be the first assessment to exist since it was not available for existing literature; this 

represents the main aim for this research. A complete list of the evaluations for a selective 

number of studies is available (Appendix B).  
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Having presented a detailed analysis of each study, the next section will present a summary of 

the assessments (Table 3.1) in order to extract key findings across the studies for each category. 

Having identified eight categories across the 92 available BIM maturity assessments, Table 3.2 

presents a definition of each category, its purpose of usage, and a summary of the overall 

strengths and weaknesses that occurred across the studies under each category, a number of 

categories are outlined that align with the aim of this research. 

 

The categories of BIM assessment in this research are mainly taken from a set of studies.  Some 

of these studies support the delivery of BIM maturity assessment through a five-level maturity 

matrix. The BIM maturity assessments presented demonstrate:  

1. A self-assessment strategy through BIM competencies and capabilities would be completed 

by various disciplines to visualise where they stand.  

2. Various types of frameworks are delivered, which is positive, and incorporate a set of BIM 

guidelines and standards to consider.  

3. The consideration of alternative assessment methods could be reviewed to assess BIM 

implementation across projects and organisations.  

Table 3.2 BIM maturity assessments category selection purposes, and strengths and weaknesses 
associated with studies in each category 
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4. Previous maturity related models were reviewed which led to the development of a 

functional model (tool) to examine BIM operations within organisations.  

5. A comprehensive model was delivered incorporating five levels of maturity within 

organisations and across various projects. 

6. Scoring criteria percentages focused on projects used in organisations that examined BIM 

deliverables across a set of models used in the industry. 

7. A positive impact from the scoring criteria percentages with certificates for projects and 

organisations operating BIM.  

However, a set of distinctions exist, such as:  

1. Individuals are assessed on a limited list of BIM metrics, and thus, there is no consideration 

of an applicable BIM maturity approach (i.e. a standardised maturity level criteria).  

2. Some frameworks are considered conceptual, as they may not operate well amongst various 

projects and organisations. 

3. There is no approach that delivers a standardised assessment method related to BIM 

maturity; most depend on individual perspectives. 

4. The proposed BIM functional models are not widely validated; thus, different users consider 

various BIM requirements. 

5. The delivery of a BIM maturity assessment that varies from one industry to another results 

in the lack of standardised delivery for BIM maturity assessment. 

6. The delivery of scoring criteria that does not follow a standardised BIM maturity, which 

results in its lack of validation by various industries. 

7. BIM is assessed as software through particular scoring criterion; this results in the 

assessment of a BIM model that does not follow a standardised BIM maturity criterion. 

These limitations will be reviewed in order to develop a BIM maturity assessment that will tackle 

existing obstacles across the studies. It was noted that some approaches were highlighted due 

to their significant impacts; which resulted in these studies, and the approaches were highlighted 

since they have a direct influence on the development of BIM assessment. Thus, it represents a 

starting point for a set of steps to be used as a basis to develop an approach to BIM assessment.  

Having qualitatively analysed the BIM maturity assessments, the next section will present the 

quantitative analysis of these assessments, including statistical data on the existing assessments 

to outline where and how many exist in the UK and globally. 

From the 92 identified BIM maturity assessments, 18 were presented as the most common, 

representing 20% of the total sample. Moreover 74 were available as additional existing 
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assessments, representing 80% of the sample. Furthermore, a total of eight categories emerged 

from the BIM maturity assessment types, of which one was acknowledged as a BIM maturity and 

KPI metrics approach. As previously mentioned, the assessments were classified into project and 

organisational. Moreover, 43 BIM maturity assessments were classified as Project Maturity, 

which accounts for 47% of the total; on the other, 31 BIM maturity assessment were classified as 

Organisational Maturity, representing 33% of the total.  In comparison, only 18 BIM assessments 

were acknowledged as project and organisational maturity combined (20%). Furthermore, in 

relation to the most popular assessments, seven project maturity (39%), nine organisational 

maturity (50%) and two project and organisational maturity assessments exist (11%). With 

regards to the additional assessments, 34 exist for project maturity (46%) 24 for organisational 

(32%), and 16 for project and organisational combined (22%).  

Finally, based on the literature review on maturity assessments, BIM maturity assessments exist 

in 23 countries across the globe.  Moreover, both the US and UK had 48 studies, representing 

52% of the total sample, and 44 studies were presented from other countries, representing 48% 

of the total sample. This confirms with studies that recognised a wide range of assessments 

covered across both the UK and the US and ensured that assessments were mainly used within 

both countries (Aboumoemen and Underwood, 2017; Azzouz et al., 2016a, 2016b; Badrinath et 

al., 2019; Kassem & Li, 2020). A summary of the BIM maturity findings is available in Table 3.3.   

 
 

As previously mentioned, a total of eight categories emerged from the BIM maturity 

assessments, of which one was acknowledged as a BIM/KPI approach relevant to this research. 

Figure 3.2 distributes the percentage of the BIM maturity assessments according to these 

categories, which would help to identify the most familiar category used with BIM assessments. 

Therefore, the BIM competencies and capabilities assessment (self) had the highest number of 

classifications with 23 assessments in total, representing 25% of the total sample. After this, 

Assessment framework had 22 in total, representing 24% of the total sample. Furthermore, the 

Assessment method (other) had 14 in total, representing 15% of the total sample. Moreover, BIM 

Functional model (tool) had 11 BIM assessments, representing 12% of the total sample. Scoring 

Table 3.3 BIM maturity findings 
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criteria percentages for projects had eight assessments, representing 13% of the total sample.  

After that, both Maturity model levels 1-5 and Scoring criteria percentages for projects had a 

combination of 18 assessments (nine each), representing 20% of the total sample or 10% each. 

In addition, the Scoring criteria percentage model with possible certification had four BIM 

assessments, representing 4% of the total sample. Finally, the Combined BIM/KPI (driven from 

other categories) had 11 assessments, representing 12% of the total sample.  These statistics are 

highlighted below (Figure 3.2).  

 

 BIM maturity assessments exist in 23 countries across the globe. The UK has the most 

assessments at 33, representing 36% of the sample, whereas the US had the second greatest 

number of assessments at 15, representing 16% of the sample. Multiple assessments exist in 

countries, such as Korea (eight studies), and Australia (six studies), Hong Kong (five studies), 

China (three studies), and Malaysia, Chile, South Africa, Brazil, and Netherlands (each had two 

studies). A single study existed in the following 12 countries: Taiwan, Canada, Sri Lanka, Iran, 

Portugal, Singapore, Slovenia, Ireland, Nigeria, Turkey, France, and Germany. The distribution of 

the BIM maturity across the globe is presented in Figure 3.3. 

 

Having critically evaluated the findings of the BIM maturity assessments from key literature, the 

next section will provide a summary of the BIM maturity assessment findings and discuss the 

outcomes relevant to the aim of this research. 

Figure 3.2 BIM maturity assessment percentage distribution 

Figure 3.3 Countries Where BIM maturity assessments existed 
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3.4.1 A Summary of the Findings from BIM maturity Assessments  
 
 

There has been a comprehensive review of BIM assessments across the literature. A number of 

studies have presented a list of BIM maturity assessments across the globe that ranged between 

six and forty five (Aboumoemen, 2016; Aboumoemen and Underwood, 2017; Azzouz et al., 

2016a; 2016b; Badrinath et al., 2019; Bougroum, 2016; Dakhil et al., 2015; 2016; Giel and Issa, 

2013; Kassem & Li, 2020; Månsson and Lindahl, 2016; Wu et al., 2017). With a focus on previous 

BIM maturity assessments in the UK, 33 assessments were identified based on the findings of this 

research, and a few points are noted on the outcomes of these assessments. According to Kassem 

& Li (2020), the BIM assessments addressed in their study cover nine key areas: strategy, the 

mobilisation and management of human resources, the mobilisation and management of 

technology, procurement, handover, the generation and delivery of information, assurance, 

organisational processes and management, and BIM processes. These areas have been 

addressed as part of the main categories and elements of BIM assessments, and hence correlate 

with those of Kassem & Li (2020), Azzouz et al. (2016a), and Badrinath et al. (2019). The key 

strengths of the assessments addressed by Kassem & Li (2020) were that they cover a range that 

varied from areas of readiness, capability, and maturity and competency.  This correlates with 

Azzouz et al. (2016a), Badrinath et al. (2019) and this research by presenting the differences 

between capability, maturity and competency and assessments that covered the same areas. 

Most of the studies are available to access and are free to use, which is a key strength that allows 

for the sharing of information and data amongst others and was addressed by Kassem & Li (2020), 

Azzouz et al. (2016a), Badrinath et al. (2019), and this research.  

However, some weaknesses were found amongst the assessments. Kassem & Li (2020) 

highlighted that most assessments were conducted at a low depth and with limited 

understanding of the performance of BIM across organisations and projects. This is confirmed by 

Azzouz et al. (2016a), Badrinath et al. (2019), and this research, as some of the assessments were 

not easy to understand and the level of assessments provided were low. Some of the 

assessments reviewed experienced issues with the quality of the assessments, and with the 

consistency and accuracy of the overall results. Moreover, some of the offered metrics are 

unreliable, whilst others were not properly defined and had insufficient descriptors. These points 

have been addressed across studies (Aboumoemen and Underwood, 2017; Azzouz et al., 2016a; 

Badrinath et al., 2019; Bougroum, 2016; Dakhil et al., 2015; 2016; Giel and Issa, 2013; Kassem & 

Li, 2020; Månsson and Lindahl, 2016; Wu et al., 2017) and were applicable to this research.  
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According to Kassem & Li (2020), the presented assessments did not deliver actions on how BIM 

maturity could be improved.  This is a key focus for the assessments developed in the UK, which 

would assess compliance to standards, specifically to Level 2 BIM standards. There is currently 

no assessment aligned and relevant to the BS EN ISO19650 standards.  Thus, most of the UK 

assessments focus on Level 2 BIM adoption, and do not align with the BS EN ISO 19650. However, 

it is worth mentioning that most assessments align with the guidance, since it would be necessary 

to convert and transfer the terms used in BS 1192 and PAS 1192-2 to those in the BS EN ISO 

19650-1 and BS EN ISO 19650-2 standards. This is presented in Table 2.10 (PD 19650‑0:2019, 

2019; UK BIM framework, 2019a). As a result, a number of recommendations have been offered 

by Kassem & Li (2020) that cover existing gaps in BIM maturity assessments and provide guidance 

on what actions need to be taken (Table 3.4).  

 

These recommendations provide a set of stepping-stones to consider for the assessment in this 

research. As such, the assessments should meet industry requirements, be able to extract 

benefits from a multi-level framework, provide learning opportunities from the assessments, and 

align with the BS EN ISO19650 standards. Most of these recommendations will be considered in 

this research; however, in terms of the BS EN ISO19650 standards, the assessment would be 

developed on the basis of Level 2 BIM and would supersede terms from Level 2 BIM to BS EN 

ISO19650 standards. Having critically discussed and reviewed existing BIM maturity assessments, 

the next section will discuss KPIs that exist across the literature along with their assessments.  It 

will aim to demonstrate how KPIs have been used, existing types of method and category, and 

how this could provide a means of assessment for this research. Like the procedure conducted 

for BIM assessments, the same process will be repeated in this section to recognise existing key 

features, including similarities and differences between them. Finally, a relationship between 

KPIs and project performances will be outlined to provide an understanding of project 

performance measurement within UK industry.  This will also establish how this can be beneficial 

for the client sector, and how KPI metrics can be linked with BIM maturity assessments. 

Table 3.4 Recommendations for maturity assessment tools and approaches (Kassem & Li, 2020) 
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3.5 Differences between Critical Success Factors (CSF), Key result indicators (KRIs), 

Performance Measurements (PM), and Key Performance Indicators (KPIs) 
 

Similar to the adoption and implementation of BIM, there is significant interest in measuring 

project success; however, individuals and organisations could not measure success or failure 

without the presence of Performance Metrics (Parmenter, 2015). Over the past few decades, a 

vast amount of publications and assessments has discussed concepts and topics related to 

performance metrics and the importance of criteria to measure performance success (Yang et 

al., 2010). As a result, a series of publications have been published that cover performance 

measurement, project success, performance indicators. A set of definitions has been delivered 

to define project success in construction (Chan, 2004). Joblot et al. (2019) states that “factors 

that affect the success of a project are called the critical success factor (CSF), key success factors 

(KSF), or at the startup, factors of technology acceptance; these must be studied and will be 

useful”. Performance measurement is used by organisations to ensure they are going in right 

direction, achieving targets in terms of organisational goals and objectives.  Project success is an 

abstract concept, and to determines whether a project is a success, or failure is far more complex. 

The subject of performance is vast and numerous authors continuously add to this body of 

literature. Too many, too few or inappropriate performance measures can easily create 

deterioration in overall performance (Parmenter, 2015).  

A CSF is described as a manageable critical factor that is responsible for the attainment of a 

desirable performance (Tsai et al., 2014). Key Result Indicators (KRIs) have been defined as an 

overall summary of how the organisation performs. KPIs inform management how one 

organisation could perform in terms of project success, which could allow an increase in overall 

performance (Parameter, 2015). Performance measurements are used to evaluate and control 

their overall business operations. Different concepts measure a project’s performance and 

success, which would be relevant to this research and to BIM maturity specifically in delivering 

the necessary linkage to measure the performance of UK construction organisations. The next 

section provides a detailed description of KPIs and emphasise their measures.  
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3.6 Key Performance Indicators (KPIs) 
 

Having identified KPIs as the main measure for use, it is necessary to deliver a number of 

definitions on what KPIs are, the different types of KPIs that exist, and the different types of KPI 

assessments across the literature. It is necessary to determine what KPIs are in order to 

demonstrate improvement within them. A KPI is the measure of a process that is critical to the 

success of an organisation. According to the Constructing Excellence report, several performance 

measures define the success of a project or organisation (Swan and Kyng, 2004). Lim argues that 

KPIs depend on a criterion for project success, which is split into macros and micros. Project 

success should be viewed from different perspectives that include the individual owner, 

developer, contractor, user, general public, and so on (Lim and Mohamed, 1999). Many 

researchers have applied the concept of KPIs to conduct benchmarking studies in construction 

management (Chan and Chan 2004).   

Key performance Indicators are numbers designed to succinctly convey as much information as 

possible. Good key performance indicators are well defined, well presented, create expectations 

and drive actions (Peterson, 2006). KPIs have been split into two categories: Firstly, quantitative 

is the most commonly accepted performance indicator, whilst qualitative is not commonly 

accepted as a reliable performance and productivity evaluation tool due to its perceived difficulty 

to measure them (Cox, Issa, and Athrens, 2003). Initially, Karim and Marosszeky (1999) 

introduced KPIs as performance measurement. After this, to review construction industries’ 

overall organisational performances and project measurements, KPIs included eight main factors, 

namely: Time, cost, quality, client satisfaction, client changes, business performance, health and 

safety, and environmental.  

In its latest report, the UK construction industry outlined the KPIs used in their study, which are: 

Economic indicators, client satisfaction, contractor satisfaction, profitability, predictability, 

respect for people, environmental indicators, housing, non-housing, consultants (UK industry 

performance report. 2017). Furthermore, for organisations to achieve best practice, KPIs could 

have benchmarking purposes that will act as key components (Enshassi, Mohamed, and 

Abushaban, 2009). Samson and Lema (2002) state that the importance of KPIs lie in the receipt 

of values by stakeholders; therefore, the right capabilities and processes should be identified by 

companies. This allows KPIs to illustrate improvements and maintenances, along with 

competitive and distinctive capabilities and processes. Ugwu and Haupt (2007) classified site-

specific and project-specific KPIs.  
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According to Long, Ogunlana, Quang, & Lam (2004), time, budget, quality, specifications and 

stakeholder satisfaction are indicators related to project performance measurement. Meng 

(2012, p.188) found that construction projects often suffer from poor performance in terms of 

time delays, cost overruns and quality defects, and concluded that “time, cost and quality are the 

three most important indicators to measure construction project performance”. From a survey of 

400 construction practitioners in the UK, at a response rate of 30%, his research found that 35.6% 

of the projects studied were delayed, 25.2% were overspent, and 17.7% had significant defects.  

Brown and Adams (2000) undertook 15 case studies derived from UK data, and found that project 

management within the UK failed to perform as expected in three predominant performance 

evaluation criteria - time, cost and quality. In fact, they showed that project management had 

little effect on time performance, no effect on cost performance, and a strong negative effect on 

quality performance. Finally, to achieve current and future projects, significant improvements in 

KPI performance measurements could be summarised by a performance measurement process 

that includes factors, such as time, cost, quality, client satisfaction, productivity and safety. 

Having defined what KPIs are, the next section will explore an example of how KPIs are being 

used across the globe. 

3.6.1 KPIs Assessments - Global perspective 
 

KPI outcomes have been presented differently in various multi-functional industries across the 

globe. Key Performance Indicators (KPIs) are compilations of data measures and used to assess 

the performance of a construction operation. They are the management methods used to 

evaluate employee performances on a particular task. These evaluations typically compare the 

actual and estimated performances in terms of the effectiveness, efficiency, and quality of both 

workmanship and product. KPIs have been split into two categories: first is quantitative, which is 

the most commonly accepted performance indicator and can be physically measured by dollars, 

units, or man-hours. This consists of: units/MH, $/unit, cost, on-time completion, resource 

management, quality control/rework, percent complete, earned man-hours, lost time 

accounting, punch list. The second category is the qualitative, which is not commonly accepted 

as a reliable performance and productivity evaluation tool due to the perceived difficulty and/or 

inability to be measured. This consists of: safety, turnover, absenteeism, motivation (Cox, Issa, 

and Athrens, 2004). According to Chan and Chan (2004), thirty measures have been provided, 

and some were outlined as completed measures - known as KPO - and in-progress - known as 

KPIs - that derived from different sources. They are all outlined as: Defects, client satisfaction, 

predictability, time, cost, profitability, productivity, environment, employee satisfaction, risk, 
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reuse of design, understanding client needs, design process, mobilisation, final account, 

extension of time, safety, sickness, training, qualifications, communication, staff turnover, pay, 

and working hours. Furthermore, the respective values are calculated from mathematical 

formulae used by the first group. Finally, the level of satisfaction amongst various stakeholders, 

and the building of functionality and qualities are included by the group (Chan and Chan, 2004). 

Having presented a global perspective of KPIs, the next section will discuss the UK vision of KPIs. 

3.6.2 KPI Assessments- UK perspective 
 

Since BIM has delivered various benefits to, and its importance has been examined across, the 

UK, KPIs shall be presented to outline the benefits. The essential outcomes of KPIs have been 

presented differently in various industries across the UK. A number of definitions have been 

provided to define KPIs, which were based on the development of the Latham (1994), Egan 

(1998), and Wolstenholme (2009) reports. 

According to the Construction Excellence report (Swan and Kyng, 2004), the success of projects 

and organisations are defined over a number of performance measures and, as a result, are the 

most common benchmarking experiences encountered by clients and companies. Furthermore, 

benchmarking standard data for an industry versus an organisation is possible through 

construction industry KPIs. Moreover, better performances and positive change in projects and 

organisations are led by a process of improvement and cultural change, and attained from KPIs. 

In addition, a commitment to continuous improvement is derived from companies that public 

sector clients seek to work with. Finally, three key elements are identified through a 5-6-10 model 

that includes the following:  

1) Drivers: the aspects that must be in place to drive improvement; including; a) Committed 

leadership, b) Focus on the customer, c) Product team integration, d) Quality driven 

agenda, and e) Commitment to people.  

2) Processes: the areas of process improvement, which includes; a) Product development, b) 

Project implementation, c) Sustainability, d) Partnering the supply Chain, e) Products of 

components, and f) Respect for people.   

3) Performance Targets: Key Performance Indicators, which consists of; a) Construction Cost, 

b) Construction Time, c) Predictability Cost, d) Predictability Time, e) Client satisfaction- 

Product, f) Client satisfaction- service, g) Defects, h) Profitability, i) Productivity, and j) 

Safety (Swan and Kyng, 2004).  

Table 3.5 outlines the ten KPI headlines description, that emerged from the targets of 

improvement in the 5-6-10 model.  
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Having presented the UK and global perspectives on KPIs, the next section presents the KPIs and 

their assessments that emerged across the literature. The KPIs will demonstrate how they and 

their assessments were used, the type of methods and categories that exist, a summary of the 

main features within each KPI and its assessment, along with the strengths and weaknesses. 

3.7 An Evaluation of KPI assessments 
 

According to Aboumoemen (2016), construction performance measurements are conducted 

through Key Performance Indicators (KPIs).  Therefore, to outline their potential benefits, it is 

necessary to demonstrate KPI progression. KPIs are measures of a process that are critical to the 

success of an organisation.  Furthermore, a number of performance measures define the success 

of a project or organisation (Swan and Kyng, 2004). After an extensive review of existing KPI 

assessments across the globe, it was revealed that a significant number of publications exist.  

For the purpose of this research, the researcher narrowed down the selection of KPI assessments 

to the most relevant publications.  As a result, 20 publications have been chosen to provide the 

essence of KPI assessments; these were KPIs in the literature that could be linked with BIM 

maturity. Having conducted analysis on existing KPIs assessments, they have been classified into 

the following nine categories:  

1) Questionnaires or surveys with the use of Likert scales: Likert scales were used in 

questionnaires to collect data on KPIs. This uses a rating scale of three and above for responses 

to questions that participants answer by selecting the appropriate rating (Alkilani, et al., 2015; 

Cox, Issa, & Ahrens, 2003; Ramırez, Alarcon, & Knights, 2004; Sibiya, Aigbavboa, & Thwala, 

2015; Vukomanović, Radujković, & Nahod, M. 2010).  

Table 3.5 Improvement targets KPIs headlines (Swan and Kyng, 2004) 
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2) Listed set of KPIs: Studies include a list of KPIs to support projects and organisations (BRE. 

2016; Chan, & Chan, 2004; Swan & Kyng, 2004). 

3) European Foundation for Quality Management (EFQM) excellence model: The model used 

as a continuous improvement strategy that consists of cause and effect relationships between 

what their organisation does on two criteria:  

i. Enablers with its five areas of: Leadership; strategy; people;  partnerships, and processes 

and products, and  

ii. Results with its four areas of: People, customer, society, business it achieves (Bassioni, 

Price, & Hassan, 2004; Beatham et al., 2004).  

4) Balanced Scorecard: Balanced Scorecard is presented and used to measure goals. The 

scorecard includes four perspectives, known as: Financial, customer, internal business, and 

innovation and learning (Luu et al., 2008). 

5) Other: includes methods to outline KPIs other than those already presented (Bassioni, Price, 

& Hassan, 2005; NWCH. 2014; Scottish Government. 2012). 

6) Relative Important Index (RII); Relative Importance Index is a method that indicates the 

importance of parameters.  This is a mathematical formula that aims to identify the 

importance of KPIs through a numerical ranking procedure that is correlated with others 

(Yeung et al., 2013). 

7) Rating criteria; Rating Criteria ranks the most used metrics in projects. It uses criteria to rate 

KPIs used in a study to outline their importance (Ali, Al-Sulaihi, & Al-Gahtani, 2013).  

8) Framework attempt: A framework approach exists to outline the distribution of KPIs (Takim 

& Akintoye, 2002; Toor, & Ogunlana, 2010).  

9) All (except Other and Likert Scale): This includes a set of methods that are used to outline the 

KPIs (Cha and Kim, 2011).  

The performance measures and KPIs of project performance and success were generalised on 

cost, time, and quality; however, other aspects of assessment have been introduced differently, 

such as Safety and Performance, which varied from one place to another. The KPIs aim to deliver 

overall improvements within the UK construction industry (Wolstenholme, 2009). Table 3.6 

presents a number of the most popular studies on KPI assessment in the literature. A number of 

KPIs will be extracted from these assessments to deliver a standardised set of KPIs for use.  
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Following a comprehensive review of such assessments and having extracted different KPI 

assessments, this section presents the qualitative findings of the available KPIs and their 

assessments. A number of outcomes are presented in the evaluation of the KPIs and their 

assessments. ten outcomes are required to evaluate existing KPIs and their assessments in the 

literature, which are:  

1) KPI elements [at least 7 (cost, time, quality, customer satisfaction, safety, productivity 

and performance)]: It is believed that KPIs should be within this range to cover the essence 

of KPIs in the construction industry.  They should not be treated as a set of questions to 

deliver BIM. 

2) A data collection procedure along with an assessment method should be available for the 

selection of KPIs: Some studies have included a data collection technique to assess their 

presented list of KPIs, which has helped those studies signify their KPIs. 

3) A set of conclusions exist that some consider as strengths in KPI studies: Most studies are 

expected to deliver an outcome that is practical and effective, and thus the conclusions will 

help to recognise the effects of the final KPI outcomes in their presented studies. 

Table 3.6 Selected most popular available KPI assessments across the literature 
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4) A set of limitations exist which may be considered weaknesses in KPI studies: The 

limitations help to recognise the negative effects of these outcomes and the set of actions 

needed to overcome them. 

5) Absence of one level (i.e. studies that contain project level and not organisational level 

and vice versa): Using one level may reflect negatively on the study’s outcomes. Hence, 

using both levels may help signify positive impacts to result from using both levels together. 

6) UK studies that have reflected on KPIs from other UK studies: These are required to 

recognise how UK studies reflect each other based on previous related studies. 

7) Delivering a set of studies for the UK and globally: This helps to compare between a global 

and UK perspective, extract similarities and differences between them.  It also helps to 

identify where global studies have introduced new methods and strategies to address the 

use of KPIs, their impacts across their industry and applicability within the UK context. 

8) Selected KPI assessments in literature: An extensive set of KPI studies exist with various 

assessments, so it would be essential to focus on the most popular studies that cover the 

essence of KPI assessments, and helps to select the most applicable assessment. 

9) KPIs approach in study: Each study expects to approach KPIs in a different way (i.e. project 

success), and hence it is necessary to see how a KPI is approached in these studies through 

the delivery of its particular approach. 

10) Selection of KPIs: Each study used different KPIs, and thus it is important to distribute the 

KPIs used, determine which were identified, and, may present KPI benchmarking criteria 

for this research. 

It is believed that the presented outcomes need to be available for KPI evaluations since they will 

help to visualise how KPIs previously existed, the requirements to develop a KPI assessment, and 

this shapes the requirements for a KPI assessment in this study. The presented outcomes cover 

KPI areas, and thus represent a starting point to develop an assessment for KPIs in this study.  A 

complete list of evaluations for each study is available in Appendix B.  

Having presented a detailed analysis for each study, the next section will present a summary of 

the presented assessments (Table 3.6) in order to extract key findings across the available studies 

for each category. After identifying nine categories across the selected most popular twenty KPI 

assessments, Table 3.7 presents a definition of each category, its purpose of usage, a summary 

of the overall strengths and weaknesses across the studies for each category, and a number of 

categories that are believed to align well with the aim of this research. 
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Having reviewed the categories, the highlighted categories are based on existing features, such 

as the usage of a balanced scorecard, the Relative Importance Index (RII), and Likert scales; these 

present the KPI requirements to consider for a KPI assessment. The rationale for the KPI 

classifications is based on their existence in studies, which supports the overall delivery of KPIs; 

however, some of the classifications may not be suitable for the KPI assessment for this research. 

The studies on KPIs have demonstrated the following: 

1) A list of KPIs is required, which is examined across project and organisational levels.  

2) Concepts, such as the IDEF0 diagram, are used in frameworks to evaluate a project’s 

performance.  

3) EFQM model and balanced scorecard as benchmarking systems and integrated to assess 

KPIs at the organisational level. 

4) RII and rating criteria as methods to rank KPIs that define their importance and measure 

their performance on projects.  

5) Use of a Likert scale through questionnaires to evaluate the importance and use of KPIs 

across projects. 

6) Methods, such as Specific, Measurable, Attainable, Relevant, and Time-bound (SMART), to 

examine the provision of KPIs and combined methods (listed set of KPIs and RII) to verify 

the importance of the KPIs used.  

Table 3.7 Selected KPI assessments in Literature category selection purposes, and strengths and 
weaknesses associated with studies in each category 
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However, a set of variances exist, such as:  

1) The delivery of different sets of KPIs according to each study’s requirements, resulting in 

the absence of a standardised set of KPIs,  

2) Various frameworks used to examine KPIs, meaning the absence of a standardised 

framework for use in projects.  

3) Not understanding the usage of KPIs through the EFQM model, resulting in the lack of 

understanding and misinterpretation of KPIs.  

4) A non-comprehensive performance measurement tool exists as a result of the balanced 

scorecard, but was not validated.  

5) Measures are not well defined through the RII method, causing a variance in KPI delivery 

across projects. 

6) KPIs are ranked randomly without a rating basis, which means that KPIs do not necessarily 

reflect projects.  

7) Multiple methods are not examined across the project lifecycle, which results in the 

absence of strong relationships between various methods. 

The addressed limitations will be reviewed in order to develop a KPI assessment that will tackle 

the existing obstacles that existed amongst these studies. It was noted that some of the KPI 

approaches were highlighted due to their significant impact.  The approaches were highlighted 

because they may have a direct influence on the development of a KPI assessment, and thus 

represent a starting point to determine a number of considerations that may need to be 

considered for the development of a KPI assessment. Having qualitatively analysed the KPIs and 

their assessments, the next section will present the quantitative analysis of the KPIs and 

assessments, including statistical data.  

Figure 3.4 distributes the percentage of KPIs according to their classification categories. This 

helps to identify the most familiar category used to identify KPIs and deliver KPI assessments. 

Figure 3.4 KPIs percentage distribution 
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The highest number of KPI assessments (five) used questionnaires (or surveys) with Likert scales, 

representing 25% of the total sample. Furthermore, a listed set of KPIs, the EFQM excellence 

model or the Balanced Scorecard, Other, and the RII and Rating criteria had a combination of 

twelve KPI assessment classifications, at three each, representing 60% of the total sample (or 

15% each). Moreover, Framework attempt had two KPI assessment classifications, representing 

10% of the sample. Finally, the category All (except Other and Likert Scale) had one assessment 

type for the KPIs used and represented 5% of the total sample. 

Having evaluated the KPIs assessments. the next section will discuss the criteria being taken to 

selecting the most occurring and suitable KPI metrics for this research. 

3.7.1 The selection criteria for KPI metrics and extraction of most relevant KPI metrics 

 

This section will discuss the criteria that will be taken to extract the most relevant KPIs emerging 

from the literature, are believed to assess the performance of projects and organisations, and 

achieve the aim set for this research. According to Kerzner (2017), the criteria for defining the 

key characteristics of KPI metric would involve the usage of the “S.M.A.R.T” rule to establish 

meaningful objectives for projects and the identification of metrics and KPIs. This rule; in regards 

to the selection of the KPIs, is explained as follows: Specific: The KPI is clear and focused towards 

performance targets or a business purpose, Measurable: The KPI can be expressed 

quantitatively, Attainable: The targets are reasonable and achievable, Realistic or relevant: The 

KPI is directly pertinent to the work done on the project, and Time-based: The KPI is measurable 

within a given time period. Chan and Chan (2004) and Parmenter (2015) have established the 

criteria for identification the most relevant KPIs across projects and organisations as objective or 

quantitative measures, those that are measured and presented as numerical units, and 

subjective or qualitative measures, those that have the potential to be measured based on the 

behaviours of users. Finally, Cox et al., (2003), (Mincks & Johnston, 2003), and Ng et al. (2002) 

identified the criteria for selecting the KPIs to be process oriented, which deals with the 

management of outcomes such as resources, communication, and human resources, and result 

oriented, which deals with meeting the end goal and target for achieving a KPI and measuring it, 

which includes the following: Cost, Time, Quality, Safety, and Satisfaction.  

Based on the identified criteria, and having reviewed the literature related to the KPI metrics, the 

most relevant KPI metrics that would fit within this research and meets the previous addressed 

criteria includes a standardised list of nine KPIs are believed to present a set that could be 

considered across projects and organisations (Table 3.8). On one hand, KPIs that appeared in all 

previous studies and industry and formed the basis of Key Performance Indicator measurement 
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in any project or organisation are: Cost, Time and Quality. These are considered as the primary 

KPI metrics, since they represent the key element to assess primary and objective measures. On 

the other hand, after a set of KPIs has been reviewed, an additional set of KPIs emerged that 

varied from one study to another, and form a further set of six standardised KPIs to the existing 

primary three and are: Safety, satisfaction, performance, profitability, productivity and 

sustainability. These are believed to represent the secondary KPI metrics and relevant to 

assessing a project and organisation; this would form the basis for the delivery of a set of KPIs for 

use in this research. The KPIs that were identified from the key literature (Table 3.8) are classified, 

according to Parmenter (2015), as primary KPIs (Objective measures) and secondary KPIs 

(objective and subjective measures). 
 

 

Based on Table 3.8, the KPIs are defined and measured based on the S.M.A.R.T rule, result vs 

process oriented, objective vs subjective measures, and Primary vs Secondary KPI metrics. This is 

Table 3.8 A standardised set of KPIs emerging from the literature (Primary and Secondary KPIs) 
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explained as follows (Chan et al., 2002; Chan and Chan, 2004; Cox et al., 2003; Kerzner, 2017; 

John, 2018; Mincks & Johnston, 2003; Ng et al., 2002): 

1) Cost (Budget): The improvement of capital cost year on year cost is defined as the degree to 

which general conditions promote the completion of a project within the estimated budget. 

This KPI is classified as a Primary objective KPI that would be measured quantitatively (in 

currency) and is a result oriented KPI that measures cost goals as an indicator and meets target 

budgets as an attribute. 

2) Time (Schedule): The improvement of time year on year time is defined as the degree to which 

general conditions promote the completion of a project within the allocated duration. This KPI 

is classified as a Primary objective KPI that would be measured quantitatively (in percentage 

of schedule completion) and is a result oriented KPI that measures cost goals as an indicator 

and meets target budgets as an attribute. 

3) Quality (Defects): Quality is defined as the degree to which the general conditions help to 

meet the project’s established requirements of material and workmanship. This KPI is 

classified as a Primary objective KPI that would be measured quantitatively (in number of man 

hours and material costs for repairing works) and is a result oriented KPI that measures quality 

goals as an indicator, and meets quality specification and addresses total number and cost of 

change orders as an attribute. 

4) Satisfaction (User and Organisation): Satisfaction describes the level of ‘‘happiness’’ of people 

affected by a project. Satisfaction could be considered an attribute of success. This KPI is 

classified as a Secondary subjective KPI that would be measured quantitatively (in percentage 

of overall user satisfaction with end product), and is result oriented on how to improve user 

satisfaction and increase number of repeat users as attributes. 

5) Health and Safety (Safety): Accident Incident Rate for the Company. Health and safety is 

defined as the degree to which the general conditions promote the completion of a project 

without major accidents of injuries. This KPI is classified as a Secondary objective KPI that 

would be measured quantitatively (in number of site accidents and percentage of overall 

safety of working environment), and is result oriented that measures safety goals as an 

indicator, and addresses total number of site accidents and near misses as attributes. 

6) Performance (Business or whole life): ‘‘Meeting specifications’’ is considered one success 

criterion for design/build projects consistent with technical performance measurement. This 

KPI is classified as a Secondary subjective KPI that would be measured quantitatively (in 

percentage of meeting specification and overall performance of organisations and projects). 
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7) Profitability (Finance Stability): Profitability of the Construction Company. Nowadays, 

competition is increasing and firms are aware that the project must be properly managed to 

be profitable. Profitability measures the overall financial success of the project, as an 

indication of a Secondary objective measure being measured quantitatively (in currency of 

total net revenge over total net cost).  

8) Productivity (Efficiency): Value added per person working on the project. Productivity is 

universally accepted as one success criterion as it is the main key to the cost-effectiveness of 

projects. It refers to a quantitative measure through the amount of resource input to complete 

a given task and it is usually assessed on a ranked basis, as an indication of a Secondary 

objective and subjective measure. 

9) Sustainability (Environment): Environmental sustainability is measured in the post-

construction stage. One common example is the generation of construction waste, which can 

be measured quantitatively by the difference between the amount of the total delivery of 

materials to the site and the amount of work completed, as an indication of a Secondary 

objective and subjective measure. 

Table 3.8 reveals that the primary KPIs (cost, time, and quality) are addressed across all reviewed 

studies, and thus represent primary benchmarking criteria when developing a list of KPIs. 

Whereas secondary KPIs, (safety, satisfaction, performance, profitability, productivity and 

sustainability) have been addressed by some of the reviewed studies, which indicates that these 

secondary KPIs will form the standardised list used for KPI assessment in this research. Thus, the 

standardised list of KPI metrics used for a KPI assessment in this research will be the nine 

identified in Table 3.8, and will all be measured quantitatively according to the S.M.A.R.T rule.  

Having identified the criteria for selecting KPIs, and discussed those KPIs that were selected and 

are relevant for this research, the next section will summarise the KPIs and the assessment 

findings, and discuss the outcomes relevant to the aim of this research 

3.7.2 A Summary of the Available KPIs and their Assessments  
 

An extensive review has been conducted to determine the KPIs that emerged from the literature 

and the assessments that were used to assess project performances and measure project success 

across organisations. The literature revealed an exhaustive list of KPIs and assessments, which 

were filtered to cover the main aspects of KPIs needed to assess project performances/success 

and organisations. As such, a set of standardised KPIs was presented, as follows: Cost, time, 

quality, safety, satisfaction, performance, profitability, productivity and sustainability (Table 3.9).  

These recurred across a set of studies within the body of literature reviewed (Bubashait and 
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Almohawis, 1994; CBPP. 2002; Chan, 1996; Chan et al., 2002; Costa et al., 2006; Hatzigeorgiou & 

Manoliadis, 2018; Hegazy, 2012; Ikediashi et al., 2012; Langston, 2013; Li, 2010; Lin and Shen, 

2007; Liu and Walker, 1998; Marr, 2012; Maya, 2016; Ofori-Kuragu et al., 2016; Parfitt and 

Sanvido 1993; Parmenter, 2015; Peterson, 2006; Robinson et al., 2005; Skoyles, 1987; Songer and 

Molenaar, 1997; Sousa et al., 2006; Swan and Kyng, 2004; Tayler, 1992; UK Industry Performance 

Report (IPR). 2018; Westerveld, 2002; Yang et al., 2010; Yeung et al., 2013). 

To confirm the list presented, it was essential to present a comparison of KPIs from the selective 

set of studies; these were believed to best align with the presented list in Table 3.10 and the aim 

of this research. Those KPIs were as follows: Cost, time, quality, safety, client satisfaction, 

business performance, productivity, sustainability, predictability, and people (Ofori-Kuragu et al., 

2016), cost, time, quality, safety, satisfaction, technical performance, profitability, productivity, 

environment (sustainability), and educational, social and professional aspects (Chan et al., 2002), 

and construction cost, construction time, predictability cost, predictability time, client 

satisfaction product, client satisfaction service, defects, profitability, productivity, and safety 

(Swan and Kyng, 2004). These KPIs align with the list presented in Table 3.10 and used to examine 

both projects and organisations.  Thus, the previously highlighted KPIs are reviewed within the 

data collection techniques and will be discussed later in this research. 

Having critically reviewed the KPIs, the next section will discuss the combined BIM maturity/KPI 

assessments that exist in the literature and will demonstrate how both BIM and KPIs were used, 

the type of methods and categories that exist, and how these could offer a means of assessment 

in this research. The same process will be repeated in this section to recognise existing key 

features, including key similarities and differences. 

3.8 Establishing a relationship between BIM maturity and KPI metrics 
 

Having separately defined BIM maturity and KPI metrics, it is necessary to provide a link between 

BIM maturities and the Key Performance Indicators (KPIs).  This will be further discussed in this 

section in order to identify the possible values and benefits of this link. BIM Maturity is about 

assessing abilities, and construction performance measurements are conducted through the 

application of Key Performance Indicators (KPIs).  Therefore, to outline its potential benefits and 

values, it is necessary to demonstrate improvement within the KPIs, which would an 

understanding of the link between BIM maturity and the KPIs. According to Aboumoemen and 

Underwood (2017), a few publications were published that addressed the possible links of BIM 

implementation on the primary KPIs across construction projects.  
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As there have been previous efforts to link BIM and KPIs, this section will establish existing links 

to demonstrate the relationship. According to Ashworth and Tucker (2018), to deliver a better 

product, KPI operations aim to benefit the construction industry and form a key focus across the 

publications. Furthermore, two performance indicators are: the effective adoption of the BIM 

concept, and the benefits of BIM business adoption for the delivery of a company’s KPIs. 

Although both sets are isolated, it is necessary for them to operate together in order to matching 

parts of the business success to the overall picture. Moreover, the business case for the adoption 

of BIM would be justified through the establishment of business related KPIs. It is essential to 

justify the return on investment, due to the costly investment of implementing BIM processes, 

technology and organisations. The presentation of systematic KPIs requires the adoption of BIM 

for business improvements that can be observed and for accurate measurements to be 

structured. Hence, BIM adoption methods could be: “1) Measuring the quality of projects, 2) 

Standardizing information and measurement process throughout the community, 3) Setting 

appropriate benchmarking targets, and 4) Recording effectiveness of action” (Coates et al., 2010). 

3.9 BIM Maturity and the Assessment of KPI relationships  
 

BIM maturity models have been widely identified across various studies by different authors. 

Measuring the effectiveness of BIM assessments and adoption across construction industries is 

the main reason for BIM maturity; it may reflect on the UK government’s mandate and examine 

the success of BIM projects across the UK. The main KPI outcomes have been presented in diverse 

ways across UK industries. KPIs are measures of a process that is critical to the success of an 

organisation.  A number of performance measures define the success of a project or an 

organisation (Swan and Kyng, 2004), which are based on the development of construction 

industry reports. There needs to be a framework to show the potential relationships between 

BIM maturity and KPIs and enable the measurement of construction project success 

(Aboumoemen, 2016; Yeung et al., 2013). Few studies identify the association between BIM and 

KPIs in the construction industry. According to Khanzadi, Sheikhkhoshkar, and Banihashemi (2019, 

p.2), “The appropriate decision-making criteria grounded on BIM and KPIs should encapsulate a 

complex trade-off of different processes requiring all alternatives to be considered 

simultaneously”. BIM maturity emerged as a method to measure a project by assessing levels of 

BIM maturity across projects and organisations, and KPIs acting as a method to measure 

construction project and organisation success.  However, an assessment is needed to combine 

both concepts in order to effectively assess and meet the desired end goals. As a result, a limited 

number of publications exist that demonstrate a link between BIM and KPIs. Therefore, the next 
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section elicits the most recent literature on combined BIM-KPI assessments and will demonstrate 

the linkages between BIM and KPIs across a number of publications in order to establish some 

links between BIM maturity and KPIs. 
 

3.10 An Evaluation of BIM maturity and KPI metrics combined  

 

Few publications demonstrate the potential links between BIM maturity and KPI metrics across 

construction projects (Smits et al., 2016). This either implies a failure to link BIM maturity and 

KPIs, or that it has not been a priority to realise the benefits from such a combination. Having 

conducted analysis on existing combined BIM/KPI assessments across the globe, efforts were 

made to link BIM maturity assessment and KPIs across 22 BIM and KPI assessments.  From this, 

11 additional assessments were identified from the BIM assessments (Table 3.1) with KPIs, which 

brought the total to 33 combined BIM/KPI assessments. Moreover, six categories comprise the 

essentials of a BIM and KPI combination across these assessments. These are as follows:  

1) BIM impact on construction projects (KPIs) (nine): Demonstrate the effect of BIM on KPIs 

and the performance on construction projects (Chen et al., 2018; Eadie, et al., 2013; 

Gyarting, 2014; Hassan, 2012; John, 2018; Olawumi and Chan, 2019; Olugboyega et al., 

2020; Smits et al., 2016; Suermann, & Issa, 2007). 

2) KPIs impact on BIM implementation (eight): The impact of KPIs on the implementation of 

BIM and the variations from one study to another (Awwad et al., 2020; Chan et al., 2019; 

Coates et al., 2010; Liu, 2021; Manzione, et al., 2011; McAuley et al., 2015; Ozorhon and 

Karahan, 2016; Sarkar, Raghavendra, & Ruparelia, 2015).  

3) Assessment Framework (five): Assessment frameworks to combine BIM and KPIs 

(Aboumoemen, 2016; Badrinath, ASCE, & Hsieh, 2019; Mom & Hsieh, 2012; Shin, Choi, & 

Kim, 2015; Wong, Salleh, & Rahim, 2016). 

4) Assessment method (five): The presentation of a Balanced Scorecard and its use for 

comparison (Khanzadi, Sheikhkhoshkar, & Banihashemi, 2019; Park et al., 2013; Shin and 

Choi, 2016; Won & Lee, 2016; Yun et al., 2018). 

5) BIM implementation within Organisations (four): Outline the impact of BIM on 

construction industries/organisations (Ashworth and Tucker, 2018; Barlish & Sullivan, 

2012; Poirier, Staub-French, & Forgues, 2015; Shin, Choi, & Kim, 2015; Sun & Zhou, 2010). 

6) Assessment tool (two): An assessment tool presented to demonstrate the relationships 

between BIM and KPIs. (MoJ. 2016; Sebastian & Berlo, 2010).  

The identified studies on existing BIM/KPIs across the literature are listed in Table 3.9. 
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This section presents the qualitative findings of the combined BIM and KPI assessments. A set of 

outcomes is presented on the evaluation of BIM and KPIs. Based on the combined BIM and KPIs 

assessments, 19 outcomes are required to evaluate existing studies in the literature. These are:  

1) Responses received should total at least thirty (Flick, 2011), since the proposed sample size 

allows validity and reliability across the presented studies. 

2) An assessment method should be presented in BIM maturity or combined BIM/KPI studies, 

to allow for clarity on the studies’ direction when presenting and delivering the data 

collection results. 

3) Questions prepared should total at least ten questions for each both area to allow for 

easier identification and clarification on both areas along with validity and reliability. 

4) BIM and KPI parameters combined should follow the same procedures as those performed 

separately, since the procedures should support the findings of those studies.  

5) Numerical data presented in the study should be meaningful and clear; it is expected that 

the numerical data presented are clear in terms of meaning and representation. 

Table 3.9 Existing BIM / KPIs parameters and assessments across the literature 
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6) BIM and KPI parameters should exist in a study and not be treated as a set of questions to 

define them, since it is essential that both BIM and KPIs are presented as a set of parameters 

instead of a set of questions that aim to arrive at BIM or KPIs. 

7) Previous literature on combined BIM/KPI, determine the combined BIM/KPIs that exist in 

the literature and would represent a contribution to knowledge.  

8) Previous literature on combined BIM/KPI (driven from the BIM maturity table) was 

assigned as a separate category in the evaluation of BIM maturity assessments as they 

contain KPIs, and signify that they have been previously acknowledged. 

9) Comparison of combined BIM/KPI according to the country, as it is necessary to compare 

outcomes of each study to see how each country approached the combination of BIM/KPI. 

10) Comparison of combined BIM/KPI according to the type, as it is necessary to compare 

the studies to see how the use of the same type existed in each study. 

11) BIM approach: It is necessary to address how BIM was approached in these studies to 

identify the similarities or differences that exist and to compare between the studies. 

12) KPI approach: It is necessary to address how KPIs were approached in these studies to 

identify the similarities or differences that exist and to compare between the studies. 

13) BIM/KPI approach in study: It is necessary to address how both BIM and KPIs were 

approached in these studies to identify the similarities or differences that exist and compare 

between the studies. 

14) Data collection considers how the data was collected in studies, whether similar or 

different data collection methods were used, and if new methods were introduced. 

15) Findings: Considers the findings of all combined BIM/KPIs studies and reflects on the 

targeted sample within each study.  

16) Strengths and weaknesses based on the BIM and KPI approaches (separate): Consider 

the combination of data collection and findings, since this will  determine the strengths and 

weaknesses in those studies. 

17) Strengths that exist in the studies: Determines that which could be considered 

appropriate for the development of combined BIM and KPI assessment in this research. 

18) Weaknesses that exist in the studies: Aims to introduce a new way to deliver BIM and 

KPIs together, and therefore offers a contribution to knowledge by delivering a new 

assessment that represents missing gaps existing in the literature. 

19) Highlighted combined BIM/KPI studies and approaches: Those highlighted in red are 

believed to operate well within the development of the combined BIM and KPI assessment 
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for this research and may have a direct influence on the development of combined BIM and 

KPI assessment for this research, and thus represent a starting point for a set of steps that 

may be needed for the development of an assessment. 

The outcomes will present the combined BIM maturity and KPI metrics evaluations and will help 

to visualise how BIM maturity and KPI metrics previously existed.  They will also demonstrate the 

requirements to develop a BIM maturity and KPI assessment, and how this can shape the 

requirements for a BIM maturity and KPI assessment. The presented outcomes cover the 

essential areas of BIM and KPIs, and thus represent a starting point to develop an assessment 

that assesses BIM maturity with respect to the BS EN ISO19650 standards and KPIs. It was noted 

that, based on Table 3.9, 17 of these studies presented an existing relationship between various 

BIM metrics and the primary KPIs (cost, time, quality) (Aboumoemen, 2016; Barlish and Sullivan, 

2012; Eadie et al., 2013; Gyarting, 2014; Hassan, 2012; John, 2018; Khanzadi et al., 2019; McAuley 

et al., 2015; Olawumi and Chan, 2019; Olugboyega et al., 2020; Poirer et al., 2015; Smits et al., 

2016; Suermann and Issa, 2007; Sun and Zhou, 2010; Won and Lee, 2014; Wong et al., 2016; Yun 

et al., 2018). This confirms a link between BIM maturity and KPI metrics and a relationship across 

the primary KPIs but not the secondary KPIs. It thus shows the absence of a standardised list of 

secondary KPIs, and ensures the need to develop a standard list of primary KPIs. In comparison, 

16 other studies demonstrated a linkage between BIM maturity and KPI metrics by presenting 

KPIs as either BIM components, by treating KPI metrics as Critical Success Factors or as processes 

that would lead to such linkages with no mention of the actual KPIs (Awwad et al., 2020; 

Ashworth and Tucker, 2018; Badrinath et al., 2019; Chan et al., 2019; Chen et al., 2018; Coates 

et al., 2010; Liu, 2021; Manzione et al., 2011; MoJ. 2016; Mom and Hsieh, 2012; Ozorhon and 

Karahan, 2016; Park et al., 2013; Sarkar et al., 2015; Sebastian and Berlo, 2010; Shin et al., 2015; 

Shin and Choi, 2016). It indicates that these studies treat KPI metrics as BIM maturity, which does 

not follow primary or secondary KPIs, and fails to delineate linkages between BIM maturity and 

KPI metrics. A complete list of evaluations for each study is available in Appendix B. 

Having presented a detailed analysis for each study, the next section will present a summary of 

the presented assessments (Table 3.9) in order to extract the key findings across the available 

studies for each category. By identifying six categories across the available 33 combined BIM/KPI 

assessments, Table 3.10 presents a definition of each category, its purpose of use, a summary of 

the overall strengths and weaknesses across the studies under each category, and the categories 

that align well with the aim of this research.  
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The purpose of the classification for combined BIM maturity and KPI assessments is mainly 

attributed to their existence in studies where they support the overall delivery of combined 

BIM/KPIs. BIM maturity and KPI assessments demonstrate that:  

1) KPIs are mainly used in projects and how BIM maturity will be implemented within projects.  

2) BIM is a main driver and how KPIs tend to reflect on the implementation of BIM maturity in 

the industry.  

3) A framework reflects on the combination of BIM maturity and KPI metrics.  

4) Methods (such as Balanced Scorecard) assist the integration of BIM maturity and KPI metrics. 

5) KPIs are mainly used in organisations and how BIM will be implemented in organisations.  

6) A tool that combines BIM and KPIs through the delivery of a set of KPI questions to reflect 

the BIM metrics.  

However, a set of distinctions exist, such as: 

1) KPI metrics as a set of numbers and implementations across projects, resulting in the absence 

of a standardised set of KPIs across projects.  

2) BIM approached in various ways, resulting in absence of a standardised BIM approach. 

3) BIM maturity implementation across organisations, which causes the absence of standardised 

BIM metrics across organisations.  

Table 3.10 Combined BIM-KPIs categories selection purposes, and strengths and weaknesses associated 
with studies in each category 
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4) Different methods also exist, which result in the operation of diverse methods in some 

organisations. 

5) Different sets of BIM maturity and KPI metrics used, resulting in the delivery of a framework 

that suits specific studies but not applicable generally.  

6) KPI metrics are treated as a set of questions to meet the BIM requirements, resulting in a 

different approach to KPI metrics within a single study.  

The limitations will be reviewed in order to develop a combined BIM and KPI assessment that 

tackles existing obstacles amongst those studies. It was noted that some BIM and KPIs 

approaches were highlighted due to their significant impacts; this has resulted in the presented 

studies, and the approaches were highlighted because they have a direct influence on the 

development of a BIM and KPI assessment.  Thus, it represents a starting point to develop a set 

of considerations needed for the development of a BIM and KPI assessment.  

Having qualitatively analysed the combined BIM and KPI assessments, the next section will 

present the quantitative analysis of the assessments, including statistical data on the 

assessments, to outline where and how many assessments exist in the UK and globally. 

 According to Table 3.9, of the 33 publications on combined BIM maturity and KPI assessments, 

22 presented combined BIM/KPI metrics, representing 67% of the total sample and 11 addressed 

combined BIM/KPI metrics being driven from BIM maturity assessments (Table 3.1), representing 

33% of the total sample. Hence, a total of six categories emerged from the BIM maturity and KPI 

assessment types. Finally, based on the literature review findings on the available assessments 

across various authors; BIM maturity and KPI assessments existed in 17 countries across the 

globe. The UK had seven studies, 21% of the total sample, and 26 studies were present in other 

countries, representing 79% of the total sample. This confirms a limited range of BIM maturity 

and KPI assessments across the globe, but suggests that those studies only delivered a combined 

BIM maturity and KPI assessment based on context and relevance for each study, and that this 

may not be generalised (Ashworth and Tucker, 2018; Badrinath et al., 2019; Eadie et al., 2013; 

Ozorhon and Karahan, 2016; Smits et al., 2016; Wong et al., 2016). A summary of the combined 

BIM maturity and KPI assessments is available (Table 3.11). 

Table 3.11 BIM maturity and KPI assessments findings 
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As previously mentioned, a total of six categories emerged from the combined BIM/KPI 

assessment types. Figure 3.6 illustrates the percentage distribution of the combined BIM/KPIs 

assessments according to their classified categories.  This helps to identify the most familiar 

category used to link BIM and KPIs. BIM impact on construction projects -KPIs had the highest 

number of combined BIM/KPI classifications at nine assessments, representing 27% of the total 

sample. Furthermore, KPIs impact on BIM maturity implementation had eight assessments 

(24%). Moreover, both Assessment framework and Assessment method had ten combined 

BIM/KPIs assessment classifications (15% each), representing 30% of the total sample. In 

addition, BIM maturity implementation within organisations had four assessments (12%). Finally, 

the Assessment tool had two assessments acknowledged as combined BIM/KPIs and represents 

7% of the total sample, as highlighted in Figure 3.5. 

 

Combined BIM-KPI assessments exist in 17 countries across the globe. Accordingly, the UK has 

the most studies at seven, which represents 21% of the sample, Korea had five studies (15%); US 

had four studies (12%) Netherlands, Hong Kong and Taiwan each had two studies (6% each) 

representing six studies in total and 18% of the total. A single study exists in the following 

countries: Gulf countries, India, Canada, China, Brazil, Iran, Malaysia, Turkey, South Africa, 

Singapore, and Ireland, presenting 34% of the sample (Figure 3.6). 

Figure 3.5 Combined BIM-KPI assessments percentage distribution 

Figure 3.6 Countries where combined BIM maturity and KPI assessments existed 
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Having critically evaluated the findings of the combined BIM maturity and KPI assessments from 

the literature, the next section will provide a summary of the combined BIM maturity and KPI 

assessment findings and discuss the outcomes relevant to the aim of this research. 

3.10.1 A summary of the available combined BIM maturity and KPI assessments findings  
 

After the combined BIM maturity and KPI assessments were presented, a comprehensive review 

of BIM maturity and KPI assessments across the literature was conducted, which will be discussed 

in this section. Most of the previous examples identified the combined BIM and KPI assessments 

as a general tool or process for how it could operate within the industry.  Authors have generally 

recognised a range of three to five assessments (Ozorhon and Karahan, 2016; Sarkar et al., 2015; 

Shin and Choi, 2016; Smits et al., 2016; Wong et al., 2016), six to eight assessments (Ashworth 

and Tucker, 2018; Khanzadi et al., 2019) and up to 16 assessments (Aboumoemen and 

Underwood, 2017). Although there have been several efforts to link BIM maturity and KPI 

metrics, all of the available studies within the UK and globally have shown that various KPIs were 

used, that BIM metrics were treated as KPIs, and that there was no standard assessment exists 

to assess combined BIM maturity and KPI metrics, which represents an existing limitation and a 

gap in the literature.  

As a result, the studies fail to deliver a generalised usage of BIM maturity and KPI metrics for use 

within assessments. Furthermore, studies provided data analysis based on the information 

collected within each area, while some approached a relatively high sample of users within their 

studies. However, most of the results lacked reliability and the researcher could not rely on any 

of the results due to absence of a standardised list of linked BIM maturity and KPI metrics. In 

addition, most studies considered a number of methods on how BIM maturity could influence 

KPI metrics for the construction sector.  In contrast, some studies considered a number of 

methods for how KPI metrics could influence the BIM maturity implementation process. This 

raises a question as to how BIM maturity and KPI metrics should be defined, whether a strong 

link exists between them, and if this link could occur from one parameter to another or if both 

could operate together to deliver this link.  

Some studies delivered a tool or framework to link them; however, none of these tools could be 

verified and validated within these studies since some tools were not accessible, while others 

were conducted within a particular industry and was not being prevalent in other industries.  

However, the rest did not deliver potential links between BIM maturity and KPI metrics and 

instead collected data on a selective number of KPI metrics, or questions were posed on the 

impact of BIM maturity on individual KPI metrics. Therefore, this research will identify a 
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generalised outcome concerning BIM maturity and KPI metrics along with an assessment to 

outline how BIM maturity and KPI metrics could be linked.  

Having identified a number of strengths and weaknesses across the identified assessment, this 

research reflects on the strengths and tackles existing weaknesses in order to fill in the gaps that 

currently exist and meet the aim of this research. The similarities across the literature on BIM 

maturity assessments, KPI metrics, and combined BIM maturity and KPI assessments will be 

discussed. This will help to extract key findings across the literature. 

Existing literature on BIM maturity, KPI metrics, and combined BIM/KPIs assessments have 

delivered the most frequently used assessments across the literature. The most common 

approach in the studies is the Likert scale, since it helps to explore levels of opinion on a particular 

query, and for this research, would help to determine potential links between BIM maturity and 

KPI metrics. This aligns with the “level of ability” in maturity that was discussed previously in 

section 3.2. Additional similarities exist across all research areas (BIM/KPI/both combined), which 

include the following:  

1) An applicable model/framework/tool that was tested in construction industries 

2) A set of conclusions that justified the goals of for the studies. 

3) All presented studies were used in various countries across the globe 

4) The use of questionnaires in various presented studies 

5) A mixed use of quantitative and qualitative techniques for the data collection 

6) A set of limitations within the presented studies, which required future work. 

However, the literature review revealed that there has not been a single study to deliver an 

applicable assessment framework that combines BIM maturity and KPI metrics separately, and 

BIM maturity and KPI metrics together, nor does it offer validated results that are examined 

generally across the industries and in the UK specifically. This represents a key contribution to 

knowledge and will deliver a new combined BIM Maturity/KPI assessment for validation by the 

UK construction industry, the client sector specifically, and may be validated across other 

industries across the globe.  

Based on the literature review, a set of methods and analysis that best fits with this research shall 

be selected to develop the assessment proposed. In total, 33 BIM assessments and five BIM/KPI 

assessments have been identified across the UK. Although studies have offered to link BIM 

maturity and KPI metrics, there has not been a single study to deliver an assessment that was 

validated and examined within projects and across organisations. The focus is on linking both 

BIM maturity and KPI metrics in the UK and on delivering an assessment to determine the 
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relationship level between both. Therefore, the focus of this study is the development of an 

assessment to combine the concepts of BIM maturity and KPI metrics in order to examine the 

relationships between them, and to propose a final assessment for adoption and validation 

across the UK client sector. It is anticipated that this would align with Level 2 BIM/BS EN ISO19650 

standards and their adoption in the UK construction industry. The next section will discuss the 

steps that will be taken to develop the proposed BIM maturity and KPI metrics assessment for 

the UK client sector that will be detailed in the next chapter.  

3.11 Development of a BIM maturity and KPI metrics assessment for the UK client sector 

 

Having conducted an extensive review on the available BIM maturity assessments that delivered 

a total of 92 assessments, selected the most occurring list of KPI metrics which consists of nine 

KPI metrics classified as Primary and secondary, objective and subjective measures, result 

oriented, all being measured quantitatively and follow the S.M.A.R.T rule, and identified a total 

of 33 existing BIM maturity and KPI metric assessments, the next chapter will discuss the 

development of the BIM maturity and KPI assessment based on the findings of this chapter. This 

will consist of the following steps to be taken: 

1) A review of the available assessments and selecting those that are most relevant and would 

support the development of an assessment based on the aim set for this research. 

2) The identified nine KPI metrics will be brought and assigned as part of the assessment 

development. 

3) Reflecting back on the strengths of the identified assessments with the development of the 

proposed assessment for this research and tackling existing problems (i.e. weaknesses) 

with the identified assessments. 

4) Providing a set of steps on how the assessment will be developed based on the findings of 

this chapter and based on the aim and objectives set for this research. 

Having provided the process that will be achieved to develop the proposed assessment set for 

this research, the next section will provide a summary of the chapter. 

 

 

 

 

 

 



95 | P a g e  
 

3.12 Summary  

 

This chapter discussed the differences between capability, maturity and competency along with 

their assessments. It described the relationship between each concept within BIM maturity, and 

justified reasons for selecting maturity as the main method for use for this research. 

Furthermore, the chapter explored maturity assessments that currently exist and highlighted the 

maturity assessments that were most relevant to BIM maturity. Moreover, an extensive 

discussion and critical review of BIM maturity assessments, KPI metrics, and both combined was 

provided to highlight the key findings for each assessment, how were they used, and the types 

of assessments between them. Due to the lack of linkages between BIM maturity and KPI metrics 

for the client sector, the potential relationship between BIM maturity and KPI metrics along with 

their assessments was outlined to examine the linkage between them and how they were broadly 

used.  

A review of assessments concerning BIM maturity, KPI metrics, and both combined was 

conducted to outline the key features between them, and to offer a summary of all assessments.  

The main categories were highlighted, and the similarities and differences were presented, along 

with the strengths and weaknesses. They were then categorised to provide a comparative 

analysis, to extract the essential strengths, and reflect on and overcome the weaknesses. The 

similarities that exist across the literature were outlined to elicit the key findings and identify the 

outcomes, which would help to develop an assessment that would link BIM maturity and KPI 

metrics, and identified as a current gap in the literature. As a result, the next step is to formulate 

the initial development of the assessment for this research, which will be explained in detail in 

the next chapter. 
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Chapter 4: A Conceptual BIM 

Maturity-KPI assessment framework 
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4.1 Introduction 
 

Having identified the absence of standardised, linked BIM and KPI parameters within an existing 

assessment to tackle the overall performance of UK clients, this chapter discusses the steps taken 

to address this. This chapter is structured into four main sections. The first section identifies 

existing ‘dimensions’, ‘representations’ and ‘approaches’ that support the selection of a 

theory/concept for a BIM maturity-KPI assessment. The second section will develop the 

framework, which will represent key factors for UK construction; it will link elements to show 

relationships, and thus meet the research’s aim and objectives. The third section will review 

previous BIM/KPI frameworks by demonstrating how these are linked to BIM maturity-KPI 

assessments. Finally, the last section will discuss key factors that have been defined within the 

literature in order to formulate an initial assessment that explains the links between BIM 

maturity, KPIs, and their extracted benefits.  It will also provide a detailed explanation of how the 

assessment was developed. 

4.2 Management ‘Dimensions’, ‘Representations’ And ‘Approaches’  
 

 ‘Dimensions’, ‘representations’ and ‘approaches’ are management issues that represent the 

means to define complex issues by researchers. They deliver an insight into issues concerning 

management 'representations' and 'approaches'. According to Shehabuddeen et al. (1999, p. 5) 

“Management representations are ways of depicting management issues or problems.” A 

number of dimensions exist across studies that categorise management representations and 

approaches. The dimensions, representations, and approaches selected for the theory and 

concept of BIM maturity/KPI assessment within this research are presented in Figure 4.1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.1 Dimensions for categorising management representations and approaches (Shehabuddeen et al., 1999) 
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Management dimensions depict management issues or problems. Figure 4.1 presents two main 

dimensions that structure the meaning of management representations and approaches. They 

are as follows:  

1) Static-Dynamic: Concerned with the structure and position of elements within a system, 

and the causality and interaction between the elements of a system. 

2) Conceptual-Applied: Deals with the abstraction or understanding of a situation and aligns 

with concrete action in a practical environment. 

Both dimensions (Figure 4.1) help to deliver a structured illustration on a Static-Dynamic and 

Conceptual-Applied axis that resolves management issues. These dimensions can be used to then 

structure and understand the four different representations concerning the conceptualisation of 

management issues. The relationship of representation to each dimension is shown in Figure 4.1. 

The management representation is as follows:  

1) Model: Supports the understanding of the dynamic interaction between the elements of a 

system. This is aligned to the Static-Dynamic dimensional axis. It is necessary to signify the 

possible relationships between BIM maturity and KPI metrics, although this does not 

require an understanding of the dynamic interaction between the elements of a system. 

Therefore, model will not be the selected representation used. 

2) Map: Supports the understanding of the static relationship between elements of a system. 

This is aligned with the Static-Dynamic dimensional axis. The BIM Maturity/KPI assessment 

is designed to identify links that could occur between BIM maturity and KPIs through 

physical attributes.  However, this does not require an understanding of the static 

relationship between elements of a system, and thus a map will not be the selected 

representation. 

Since this research seeks to understand and explore the relationships between BIM maturity and 

KPI metrics, it will deliver an assessment that can be implemented in a practical environment.  

Thus both models and maps were not the selected form of representation. 

3) System: Defines a set of bounded interrelated elements within the context of a paradigm. 

This is aligned to the Conceptual-Applied dimensional axis. The BIM Maturity-KPI 

assessment is not required to establish elements and relationships in order to identify what 

needs to be delivered.  Thus, a system will not be the selected form of representation. 

4) Framework: Supports understanding and communication concerning structure and 

relationship within a system for a defined purpose. This is aligned to the Conceptual-

Applied dimensional axis. An understanding of the relationship between BIM maturity and 
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KPIs will be presented in an assessment that will examine the data collected. Hence, a 

framework will be the selected representation. The selection of a framework helps to meet 

the main aim and objectives to deliver a BIM maturity-KPI assessment for UK clients. 

Since this research seeks to understand and explore the relationships between BIM maturity and 

KPI metrics, and between systems and frameworks, this research will develop a framework to 

assess the performances of UK clients. However, the BIM maturity and KPI metrics relationship 

first needs to be explored and understood to determine how BIM and KPIs could be linked 

through the framework and how would the relationships could reflect the overall project and 

organisational performance amongst UK clients. A framework will be required to deliver a better 

understanding of the relationships between BIM maturity and KPI metrics, and thereby to ensure 

these are relevant and applicable to the nature of a conceptual framework.  

Moreover, there are four approaches concerned with practical problem solving in the 

management context, which are as follows:  

1) Procedure: This is a series of steps to operationalise a process. Although the assessment 

framework will involve a number of steps that the UK clients will undertake, the framework 

will depend on the decisions and views of clients, with no transfer of inputs into outputs.  

Thus, a procedure has not been selected for this research. 

2) Technique: This is a structured way to complete part of a procedure. The BIM Maturity-KPI 

assessment will not involve a set of steps to be taken and will not be followed by a 

procedure concerning activities or tasks.  Moreover, it will not include the transfer of inputs 

into outputs; therefore, a procedure will not be selected for this research. 

3) Tool: This is used for data collection purposes and as online databases. Tools are presented 

as a set of instruments (i.e. web-based tool, online database, worksheet, etc.) that supports 

the collection of data and facilitates the assessment. Tools do not include the transfer of 

inputs into outputs, and therefore, a tool will not be selected for tis study. While tool was 

not selected, based on the collected data and the proposed conceptual framework, a tool 

could be developed, and thereby considered in the future.  This would depend on the data 

collection process based on the needs of UK clients. 

4) Process: This is an approach to achieve a managerial objective, through the transformation 

of inputs into outputs. A process will be developed to support the formulation of a BIM 

Maturity-KPI assessment by transferring data regarding key areas (BIM Maturity, KPIs, 

combined BIM/KPI), known as the inputs, into an action plan that will be examined by UK 

clients.  This will examine ideas presented in the framework within the context of practic 
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(known as the outputs). Due to its ability to transfer inputs into outputs, the process was 

selected for this research. 

Since this research considers the transfer of inputs (BIM Maturity, KPIs, combined BIM/KPI) to 

outputs (the UK Client sector), a process is more suited to this research, which intends to deliver 

to deliver an assessment of the performance of UK clients. Having selected a framework and 

process as the main representation and approach, respectively for the assessment, the next 

section will highlight the importance of developing a framework.  

4.3 Differences between three frameworks, and selection of a framework type 
 

As previously discussed, a framework has been selected as the management representation to 

develop in this research. Frameworks are used in research to give an overall picture of the choices, 

or to highlight a preferred approach to an idea in providing the overall structure of the research 

(Yin, 2009). Three main types of frameworks have been introduced, ‘practical’ (Scriven, 1986) 

‘theoretical’, and ‘conceptual’ (Eisenhardt, 1991):  

1. Practical framework: Scriven (1986) stated that a ‘practical framework’ directs the 

research in what works in the experience or exercise of doing something by those directly 

involved in it. According to Lester (2005), findings resulting from use of a practical 

framework tend to be, only locally generalizable (i.e., the researcher finds out “what 

works’ now under certain specific conditions and constraints, but learns little or nothing 

that goes beyond the specific context. Furthermore, there has been more focus in 

academic research towards distinguishing differences between a conceptual and a 

theoretical framework to select one type to be used for a research. Thus, a practical 

framework was not selected as the adopted framework for this research.  

2. Theoretical framework: Imenda (2014, p.189) defined a theoretical framework as: “the 

application of a theory or a set of concepts drawn from one and the same theory, to offer 

an explanation of an event, or shed some light on a particular phenomenon or research 

problem”. In addition to this, Borgatti (1999) states that “ A theoretical framework guides 

your research, determining what things you measure, and what statistical relationships 

you look for.” According to Ngulube et al., (2015), state that “Theories are tested through 

propositions or hypotheses using a methodology that fits with the model or theory.” Lester 

(2005) states that theoretical frameworks “deals with justification, which is why a 

particular research question is proposed to be answered in a particular way”. As such, 

according to Crawford (2019), it could be seen that theoretical frameworks could be 

linked to how studies relate to the generation or testing theories being explored within 
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the literature, where it would undergo a process of identifying a theory cluster group, 

explore the theories within the cluster group, select the most suitable theory from the 

group and relate it to the study. This research aims to investigate the potential links and 

establish proposed relationships between BIM maturity and KPI metrics. Thus, this 

research will not investigate a particular theory related to BIM maturity and KPI metrics 

and not undergo the process explained, but rather, will explore how can BIM maturity 

and KPI metrics be linked together. Thus, a theoretical framework was not selected as the 

adopted framework for this research.  

3. Conceptual framework: Miles and Huberman (1994, p.39) defined a conceptual 

framework as a visual or written product in that it “explains, either graphically or in 

narrative form, the main things to be studied the key factors, concepts, or variables and 

the presumed relationships among them”. Conceptual frameworks provide 

understanding, rather than offering a theoretical explanation (Jabareen, 2009). According 

to Ngulube et al., (2015), Conceptual frameworks are also known as “an analytical 

framework”, and finally, Van der Waldt (2020) states that conceptual frameworks have 

“the ability to answer the ‘what-if’, ‘what’, ‘how’, ‘where’ and ‘when’ questions related to 

research topics and titles, and the basis of constructing a conceptual framework is often 

using a cause–effect relationship where the Cause–effect relationships frequently include 

several independent variables that affect the dependent variable”. The foundation of 

conceptual framework would rely on three sources: 1) Personal experience, 2) Literature 

based, and 3) Theoretical framework. This shows that theoretical frameworks would be a 

part of the conceptual framework in exploring the theories emerging and testing them. 

There are three key purposes for the need of conceptual frameworks: 1) argumentation, 

2) explanation, and 3) generation. Argumentation focuses on the importance of studying 

the topic, the appropriateness of the design, and the rigor of the methods. Explanation 

stresses the relationships among who and what will be studied. Generation gives rise to 

the problem, research questions, and methods of a study.  

This research aims to investigate the potential links and establish proposed relationships 

between BIM maturity and KPI metrics. Thus, it will investigate the cause-effect relationships 

on how BIM maturity and KPI metrics could be linked together. The construction of the 

conceptual framework will rely on the researcher’s personal experience with the research 

topic, will include an overview of previous related frameworks in the research field, as those 

addressed in the literature in Chapter 3, and will include a set of related BIM maturity and 
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KPI theories that will aid in packing the ideas together to develop the conceptual framework. 

Finally, the proposed conceptual framework will include a graphical representation on how 

BIM maturity and KPI metrics would be linked together. Hence, it is proposed that the 

relationship between BIM maturity and KPIs would best be represented through the adoption 

of a conceptual framework. This will be based on: 

1) The connection of BIM maturity and KPIs within an organisation across clients’ needs: this 

would be achieved through the framework which will provide answers to questions such 

as ‘what’ and explanations to ‘why’ and ‘how’. 

2) The relationship between BIM and KPIs will be identified by the delivery of relationships 

between potential variables; these will be presented through the conceptual framework.  

3) There is no empirical evidence of a previous relationship between BIM maturity and KPIs; 

thus, validating the proposed relationship through provision of a conceptual framework 

can validate existing theory. 

4) Due to the subjective relationship between BIM maturity and KPIs, it would be impractical 

to describe their relationship in quantitative terms only. As a result, conceptual framework 

will aim to understand the relationships between BIM maturity and KPIs beyond theory.  

Having discussed the differences between practical, theoretical, and conceptual frameworks, and 

selected a conceptual framework for this research, the next section will discuss existing 

frameworks that combine BIM maturity and KPI metrics. It will also illustrate and explain the 

process of developing the proposed framework, which will follow the proposed BIM Maturity-

KPI assessment framework, and will be based on existing frameworks. 

4.4 Existing BIM/KPI frameworks that Support the BIM Maturity-KPI Assessment Framework  
 

As discussed in Chapter 3, 33 studies have previously attempted to link BIM maturity and KPI 

metrics (Table 3.9). Amongst those studies, five discuss the use of frameworks to link BIM 

maturity and KPI metrics. The relationship between these studies and the proposed framework 

will be presented in detail in the next section. The studies are as follows: 

1) Level 2 BIM Maturity/KPI Assessment Framework (Aboumoemen, 2016). This study was 

closely linked to the proposed framework through the conceptual framework that connects 

BIM and KPIs. Due to the scope of the work, the development only focused on BIM maturity 

(based on Level 2 BIM) and neglected to link this with the KPIs. Due to this limitation, it is 

necessary to link BIM maturity and KPIs in order to demonstrate how they can enhance 

adoption across the UK construction sector and assess BIM according to the Level 2 BIM 

standards and the new BS EN ISO19650 standards (UK BIM Framework, 2019a) (Figure 4.2). 
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The Level 2 BIM Maturity / KPI Assessment Framework was split into 4 stages.  

1. The 1st stage introduces “The What” stage which defines possible inputs of BIM and how 

they could be used to measure BIM maturity through 7 inputs.  

2. The 2nd stage discussed on “The How” stage which defines the possible maturity assessment 

that could be measured in 3 different maturity assessments; the 1st associated with possible 

awareness of Level 2 BIM but not being applied necessary, the 2nd related with current 

application of Level 2 BIM but with minor application, and the last one linked with the 1st 2 

assessments and being applied consistently and the use of minimum Level 2 BIM, subjected 

to transfer to level 3.  

3. The 3rd stage presents “The Why” stage that distributes the possible anticipated benefits 

that could emerge from the BIM inputs and their maturities explained in the 1st 2 stages of 

the assessment framework.  

4. Finally, the last stage displays “The Evidence” which will integrate the 15 NWCH KPIs 

discussed previously along with all stages of the assessment framework discussed, and how 

they can collaborate together to develop a complete framework to be used in the platform.  

This study have conducted 2 out of the 4 proposed stages, where it conducted a review of the 

BIM maturity inputs (stage 1) and identified what are the BIM metrics descriptors and their 3 

maturity level descriptors (stage 2), and then suggested to review the expected benefits to 

emerge (stage 3) and the alignment of the previous stages to the KPIs (stage 4) in future studies. 

Figure 4.2 Level 2 BIM Maturity / KPI Assessment Framework (Aboumoemen, 2016) 
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2) Empirical Approach to Identify Operational Critical Success Factors (CSF) for BIM Projects 

(Badrinath et al., 2019). This study conducted an extensive review of existing BIM and CSF 

assessments, which were re-evaluated and discussed in Chapter Three. An analysis of the 

relationship between BIM and CSF was presented in this study and the process of the 

analysis is considered within the proposed framework. 

3) BIM Capability Maturity Model to assess the performance of BIM technology 

implementations (Mom & Hsieh, 2012). This study presented the assessment of a BIM 

capability maturity model and included a list of KPIs. It delivered a BIM performance 

assessment framework that included three levels (1. Preliminary, 2. Standard, and 3. 

Comprehensive). 

4)  A Study on BIM Performance Assessment Framework for an Architecture Firm (Shin et 

al., 2015). This study presented the assessment of 22 KPIs that were presented as BIM 

metrics across the performance of three firms, and delivered a BIM performance 

assessment framework. The KPIs assessment was based on a Likert scale that assessed the 

performance of BIM.  

5)  A Relationship Framework for Building Information Modeling (BIM) Capability in 

Quantity Surveying Practice and Project Performance (Wong et al., 2016). This study 

presented 11 BIM capability metrics and their linkages to KPIs (time and cost) through a 

relationship assessment.  This links both BIM capability and KPIs through correlation and 

regression analysis. Based on both analyses, a relationship framework was presented that 

illustrated the relationship between the 11 BIM capability metrics and KPIs (time and cost). 

An extract of the relationship framework is presented in Figure 4.3. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 Sample of Relationship Framework of BIM Capabilities and Project (Wong et al., 2016). 
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Having reviewed these frameworks, elements within these frameworks have been selected to 

develop the proposed framework.  However, it was found that different BIM and KPI parameters 

were used amongst the existing frameworks, which resulted in a delivery that included a varied 

list of BIM and KPI parameters that suited specific studies, whether in the UK or globally, but not 

generally. This indicates the need to develop a framework that not only includes a standardised 

list of BIM maturity and KPI metrics, but also can be used to assess the performance of various 

clients in general, and in the UK specifically. In the context of this research, a framework will be 

developed that is tailored to UK construction industry clients.  Thus, elements of the previous 

frameworks have been selected to support the development in this research. 

Following a review of the existing combined BIM maturity and KPI frameworks, the next section 

will present the proposed framework for this research.  This will be aligned to the new BS EN ISO 

19650 standards, and with the frameworks that were discussed previously (Aboumoemen, 2016; 

Badrinath et al., 2019; Mom & Hsieh, 2012; Shin et al., 2015; Wong et al., 2016).  

4.5 Proposed BIM maturity-KPI assessment framework  

 

A framework has been selected as a management representation for the development of a BIM 

maturity-KPI assessment framework. Having reviewed the existing frameworks, a new 

framework will be developed based on the critical review and analysis on the literature and the 

existing related frameworks. The development process will consist of three stage elements; 

which is Stage 1: the process to identify the BIM maturity and KPI metrics, Stage 2: to examine 

the previously identified metrics, and Stage 3: The benefits and evidence from linking BIM 

maturity and KPI metrics together, which will then help to identify a potential relationship 

between BIM maturity and KPIs and achieve the aim and objectives of the research. 

The aim of the framework is to measure the performance of UK clients and demonstrate how, by 

linking KPIs with BIM maturity, the benefits of BIM maturity could have an impact on the UK 

construction industry’s performance. Having discussed the process of developing the proposed 

assessment framework, Figure 4.4 presents the proposed BIM maturity-KPI assessment 

conceptual framework. It consists of 3 stages:  

1. Stage 1 “The What”: Identifying BIM maturity and KPI metrics. 

2. Stage 2 “The How”: Assessing proposed BIM maturity and KPI metrics 

3. Stage 3 “The Evidence and The Why”: Benefits of the Aligned BIM and KPIs, and the 

Assessment of their Relationship from “The How” stage. 

The next subsections explain each stage of the framework in detail to demonstrate how it was 

developed and the inclusion of the potential relationships between BIM maturity and KPIs. 



106 | P a g e  
 

Figure 4.4 Proposed BIM Maturity-KPI assessment conceptual framework (1. “The what”, 2. “The How”, and 3. “The Evidence and The Why”) 
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4.5.1 Stage 1: Identifying BIM maturity and KPI metrics 

 

The development process of the framework relies on a critical review of the literature by 

delivering a list of KPI and BIM maturity parameters; these are populated across stage 1 of the 

framework. The separate identification of BIM maturity and KPI metrics begins in stage 1, which 

addresses “The What”, as it outlines a standardised list for both metrics. Figure 4.5 will discuss 

stage 1 of the framework development process.  

Figure 4.5 presents an extract of 

stage 1 of the framework. The 

framework beings with “The 

What”: Establishing BIM maturity 

and KPI parameters stage. The 

stage has been identified as “The 

What” since it aims to outline the 

expected standardised metrics that 

meet the UK government’s 

transition from Level 2 BIM to the 

new BS EN ISO19650 standards.  

 

As presented in Table 3.8, nine KPIs emerged from the previous studies, where Cost, Time and 

Quality were considered the primary KPIs, and Safety, Satisfaction, Performance, Profitability, 

Productivity and Sustainability were regarded as secondary KPIs. Based on the literature review 

findings, the data will be collected from a sample of UK construction industry clients, and the KPIs 

will be aligned to deliver a list of standardised KPIs (Figure 4.6).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5 “The What: Establishing BIM maturity and KPI metrics 
 

 

Figure 4.6 “The What”= Establishing KPI metrics sample 
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Having presented information that covers the KPI metrics presented in this research, the 

requirements for BIM maturity are presented in Figure 4.7. 

 
 

Following a review of the literature on BIM, as presented in Chapter Three, a number of BIM 

maturity parameters emerged. Due to the existence of several parameters, a selection criterion 

was proposed to select those that could be measured and assess the levels of BIM maturity. 

Therefore, a diverse list of BIM maturity metrics will be reviewed that will focus on BIM maturity 

outcomes; hence, a standardised list of BIM maturity metrics will be presented. 

Aboumoemen (2016) identified the importance of acknowledging the proposed users who would 

be responsible for understanding how each of the BIM maturity metrics would be conducted. 

Hence, this study proposed to split the parameters amongst different levels (organisational 

levels). The organisational levels would include the BIM maturity metrics, which are linked 

amongst users across each organisational level. Thus, it was proposed to split the organisational 

levels into three main levels, as follows: 

1) Strategic - Organisational and project levels that are managed by the organisation team. 

2) Implementation - Implementing BIM across the organisation, and placing and setting up 

information. 

3) Operational - Operating BIM across the organisation, and how the information is 

collected. 

Figure 4.7 “The What”: Establishing BIM maturity metrics sample 
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According to Aboumoemen (2016), three organisational levels were proposed amongst which to 

distribute the BIM maturity metrics.  These are believed to assess the degree of BIM maturity 

across each organisational level.  

Several BIM maturity metrics have been identified from the literature, and a list of BIM maturity 

metrics was identified. These follow the information presented according to the transition from 

Level 2 BIM standards to the new BS EN ISO19650 standards (Aboumoemen, 2016; BIM Level 2. 

2016; UK BIM framework. 2019b).  

The BIM maturity metrics are subsequently linked to the information delivery cycle and measure 

the levels of BIM maturity. The selected metrics using the naming convention metrics as a term 

being used to identify BIM maturity metrics. Furthermore, it was proposed to split the BIM 

maturity metrics into three metrics that would fit each organisational level (Aboumoemen, 

2016): 

1) Top Metrics: The main BIM maturity levels and their descriptions that are expected to be 

measured when adopting BIM.  

2) Sub Metrics: Secondary levels within the main BIM maturity levels that are expected to be 

measured when adopting BIM. 

In addition to the aforementioned metrics within each organisational level (Aboumoemen, 

2016), this research proposes the inclusion of an additional third metric that would feed into the 

previous two metrics:  

3) Essence of descriptors: Full description of the secondary levels within the main BIM 

maturity levels with a clear definition of each level. This will then be measured to 

demonstrate the adoption of BIM. 

The BIM metrics were identified as top levels that would include other BIM metrics, known as 

sub levels, and a description of what each sub level meant (identified as the essence of 

descriptors). BIM maturity metrics that emerged from the literature will align with those 

collected from UK construction industry clients, and enable the development of a list of 

standardised BIM maturity metrics (Appendix C). Having presented stage 1 of the framework’s 

structure, the next section will outline stage 2.  
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4.5.2 Stage 2: Assessing proposed BIM maturity and KPI metrics  

 

Following the identification of BIM maturity and KPI metrics, they are then introduced to 

establish potential relationships and how an assessment of both metrics will deliver a 

standardised method of assessment. Stage 2 of the framework is “The How” and involves the 

process of assessment for BIM maturity and the KPI metrics. At this stage, the assessment of the 

relationship between the metrics is conducted. Figure 4.8 will discuss stage 2 of the framework 

development process.  

 

 

Figure 4.8 presents an extract of stage 2 of the framework. The framework moves on to “The 

How” Assessing BIM maturity and KPI parameters. This stage signifies “The How” as it aims to 

assess the potential relationship between BIM maturity and KPI parameters to determine their 

strengths, and how the BIM maturity parameters are acknowledged in projects and organisations 

within the industry. 

 

 

Figure 4.8 “The How”: Assessing BIM maturity and KPI metrics 
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As presented in Section 3.4, different BIM maturity assessments exist and, based on the literature 

review findings and data collected from the UK sample, the emerging BIM maturity metrics and 

assessment method are expected to align to deliver a standardised assessment for the identified 

BIM maturity metrics. 

According to a review of maturity levels across the literature, BIM maturity assessments 

delivered a five-level assessment (ARUP. 2014; Change Agent AEC. 2013; CIC. 2013; Succar, 2009), 

which were based on work by the Software Engineering Institute (SEI. 1993). Nevertheless, 

Aboumoemen (2016) recommended reducing the maturity assessment from five to three levels 

in order to provide the necessary distinction between the levels since similarities could be seen  

(level two being in between levels one and three, and level four being in between levels three 

and five). This was also achieved in the BIM performance assessment framework study (Mom & 

Hsieh, 2012) which had three levels (Preliminary, Standard, and Comprehensive), and correlates 

with Aboumoemen’s three-level assessment (Figure 4.9). 

This stage proposed three maturity levels:  

1) Awareness (Aw): General knowledge and understanding of 

the BIM level 2 strategic level across the organisation.  

2) Occasional Application (Oa): Partial application of the BIM 

level 2 strategic level, it is recognised, but not generally embedded.  

3) Consistency (Co): Full application and maintenance of the 

level 2 BIM strategic level; it is embedded across projects generally 

and consistently recognised. 

 

 

 

Having presented the assessment process of BIM maturity metrics, the next step is to identify 

how the nine KPI metrics will be linked to the BIM maturity metrics. As presented in Section 3.10, 

several attempts to link BIM maturity and KPI metrics were proposed. However, as there is 

currently no standardised method to link BIM maturity and KPI metrics, this research proposes a 

method to connect them. This method follows similar steps that have been conducted with 

previous assessments (Section 4.4). A relationship analysis was proposed to assess BIM and CSF 

(Badrinath et al., 2019). 

Figure 4.9 “The How”: Assessing BIM maturity metrics 
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As a result, Figure 4.10 presents the proposed standardised list of KPIs (Figure 4.6) and a sample 

of BIM maturity metrics that are aligned to demonstrate the potential relationships of both. As 

discussed in Section 3.10, across the 33 identified BIM maturity and KPI metric studies, 17 studies 

presented the existing relationship between various BIM metrics across all primary KPIs (cost, 

time, quality) but not with the secondary KPIs.  This indicates that all BIM maturity metrics would 

link to all of the primary KPIs; however, 16 other studies have demonstrated links between BIM 

maturity and KPI metrics across all primary KPIs, but only across some of the secondary KPIs 

(safety, satisfaction, performance, profitability, productivity and sustainability) are linked to the 

BIM maturity metrics. This indicates that not all of the secondary KPIs would be linked to the BIM 

maturity metrics, and a relationship assessment would need to identify the relationship between 

BIM maturity and the secondary KPI metrics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Having presented the proposed relationship assessment between BIM maturity and KPI metrics, 

the next step will demonstrate how BIM maturity and KPI metrics will be analysed. A BIM 

performance assessment framework was proposed to measure 22 KPIs that were presented as 

BIM metrics, and a Likert scale was applied to assess the KPIs across a BIM performance (Shin et 

al., 2015). The analysis in the literature that considered relationships in frameworks  conducted 

correlation and regression; these analysed the strength of relationship between BIM and KPIs 

(Wong et al., 2016). This study presents the link between BIM capability metrics and KPIs through 

a relationship assessment that links BIM capability and KPIs. Figure 4.11 demonstrates the 

proposed correlation and regression between BIM maturity and KPI metrics. 

Figure 4.10 “The How”: Assessing BIM maturity and KPI metrics proposed relationship 
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The Likert scale is used with questions that ask 

participants about areas related to frequencies, 

level of agreement, and accomplishments. The 

Likert scale will be used to ask participants about 

the level of relationship between BIM maturity 

and KPIs. Likert scales have been used across a 

number of studies and typically apply a five-point 

rating. However, similar to the proposed BIM 

maturity assessment that follows a three-level 

assessment, a three-point Likert scale 

relationship is proposed, to provide the 

necessary distinction between the levels since 

similarities could be seen across some levels 

(level two being between levels one and three, 

and level four being between levels three and 

five).  The three-point Likert scale used to assess 

the relationship between parameters is as 

follows: 1. Non significant, 2. Neutral, and 3. 

Significant. 

 

 

Having presented stage 2 of the framework’s structure, the next section will outline the and final 

stage (3). 

4.5.3 Stage 3: Benefits of the Aligned BIM and KPIs, and the Assessment of their Relationship  

 

Having presented the BIM maturity assessment and the combined BIM-KPI relationship 

assessment that will be conducted with both separately and together, the final stage of the 

framework aims to demonstrate the expected benefits from combining BIM maturity and KPI 

metrics and from the proposed maturity and relationship assessment.  This is “The Evidence” 

stage, and determines the proposed future actions that are expected from the previous maturity 

and relationship assessment, or “The Why” stage. Figure 4.12 will illustrate the final stage of the 

framework development process.  

 

 

Figure 4.11 “The How”: The Relationship assessment of 

BIM maturity and KPI metrics together  
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Figure 4.12 presents an extract of the final stage of the 

framework, which is “The Evidence”: Benefits from the 

combined BIM maturity and KPI parameters. This stage is 

called and focused on “The Evidence and The Why”; it aims to 

consider a number of benefits that are expected to emerge 

from the proposed BIM maturity assessment and combined 

BIM-KPI relationship assessment. Moreover, it aims to deliver 

a number of future improvement strategies on tasks that need 

to be addressed in order to improve from one level to another.  

 

 

 

 

The final stage of this framework considers the alignment of the three organisational maturity 

assessment levels (Strategic, Implementation, Operational) alongside the relationship 

assessment.  The intention is to extract the benefits from the BIM maturity-KPI assessments and 

align them with the benefits noted within the literature. As presented in Sections 2.5 and 2.6, a 

number of benefits related to BIM maturity emerged from its implementation across projects 

and the benefits related to clients were noted. The benefits will be collected through the 

proposed data collection techniques that will be identified from the UK construction industry 

sample who will focused on the advantages to the client sector (Figure 4.13).  

 

According to Aboumoemen (2016), the benefits that 

could emerge from combining BIM maturity and KPIs 

are as follows: Improved collaboration, communication 

and relationships; improved certainty and reduction of 

uncertainty; out turn cost certainty and reduced risk 

provision; programme certainty; performance certainty; 

improved change implementation and management; 

improved safety; improved user satisfaction, and 

reduced lifecycle cost.   

 

 

Figure 4.12 “The Evidence and The Why”: benefits of the combined BIM 

maturity and KPI metrics and proposed future improvements to occur 

Figure 4.13 “The Evidence”: Extract of Benefits 
from the combined BIM maturity and KPI metrics 
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Some of the BIM benefits that could reflect on clients are as follows (Dakhil, 2017): Improved 

information control; improved project planning; improved communications; the enhanced 

integration of processes; improved project quality; improved decision-making process;  improved 

overall project duration control, and improved project cost control.  Furthermore, numerous 

benefits have been identified from the institution of effective Key Performance Indicators (KPIs): 

An enhanced ability to deliver projects on time; an enhanced ability to deliver projects on budget; 

a reduced number of defects on projects; optimized processes involved in delivering projects, 

and raised customer satisfaction levels (M&D Task force. 2014).  

Based on the results of the BIM maturity assessment and combined BIM-KPI relationship 

assessment, a number of actions could be introduced and would help to increase the maturity 

levels from one level to another, and the relationship assessment from one level to another 

(Figure 4.14).   

In addition, based on the assessment in “The How” stage, a list 

of action plans and future improvement strategies would be 

provided that would recommend what needs to be undertaken 

to allow users to move from one level to another and to achieve 

the benefits previously outlined. 

 
 

Having presented the structure of the proposed framework and the essence of each stage in 

order to identify the BIM maturity and KPI metrics, maturity assessment, relationship 

assessment, anticipated benefits and future actions, a summary of the main purpose of the 

framework will be discussed. 

The proposed BIM maturity-KPI assessment framework will help bridge the missing combination 

of BIM maturity and KPI metrics that does not exist in the literature.  It thus helps to establish 

how the parameters could be linked within the stage 1 of the framework. Furthermore, the 

proposed assessment in stage 2 helps to realise the strengths of the potential link between both 

BIM maturity and KPI metrics.  These are based on their assessment and signify the relationship 

between BIM maturity and KPI metrics. Finally, stage 3 of the framework includes the extracted 

benefits and recommended actions for future improvements, and outlines the links between BIM 

maturity and KPI metrics. The actions and benefits in this stage are vital in realising the 

importance of the previous assessment, as it will offer proposed actions and benefits from stage 

2 of the framework.  Having presented the three stages of the framework, the next section will 

deliver the summary of this chapter.  

Figure 4.14 Proposed future actions for 
the Combined BIM-KPI assessment 
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4.6 Summary 

 
 

A discussion of the development of the BIM maturity-KPI assessment framework was presented 

in this chapter, which demonstrated the different management dimensions, representation and 

approaches, and selected those that best fit the proposed assessment (Framework and Process). 

Furthermore, a justification was offered for the importance of developing a framework in relation 

to the pre-defined concepts of BIM Maturity, KPIs, and both combined. Moreover, five 

frameworks were reviewed; these supported the development of the proposed framework and 

aligned with this research. A proposed framework was presented and the development stages of 

the framework were outlined through a critical review of the literature and by extracting the 

main strengths of the proposed framework. The relationship between BIM Maturity and KPI 

metrics based on the literature review was illustrated in the proposed framework.  

Thus, the development of the conceptual framework, and the achievement of the research aim 

and objectives were discussed, which comprise the research process and associated 

methodological choices. This chapter is followed by the discussion and validation process 

(Internal and external), which will form the next chapter. 
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Chapter 5: Research Methodology 
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 Introduction 
 

This chapter presents the methodological process that will be conducted to achieve the research 

aim and objectives. It outlines the research methods that exist, the selected methods that are 

believed to fit well within this research and provide reasons for not adopting other methods. 

Furthermore, the adopted data collection techniques are discussed along with the analysis 

procedures selected. Moreover, a connection between the conducted methods and research 

objectives will also be distinguished. This chapter discusses various research methods, selects the 

most suitable for this study and justifies the reasons for selecting these methods in order to meet 

the research aim/objectives/questions. 

 Research and Research methodologies 
 

Effective research relies on an exploration of the methodological techniques that would allow for 

the exploration of a research problem in order to achieve academic success (Fellows and Liu, 

2015). Furthermore, the choice of an appropriate method ensures an ethical approach to the 

enquiry and supports the analysis of results. This is achieved by considering a set of logical 

processes within a research methodology, namely principles and procedures, which are 

subsequently used within the scientific enquiry (Knight and Ruddock, 2008). Hence, a research 

methodology acts as an overall strategy to investigate the research philosophy, approach and 

techniques (Haron, 2013). 

A number of proposed research methodological models demonstrate the research methods and 

how a research methodological process could be undertaken. According to Kagioglou et al. (2000) 

there are three approaches to a research methodology: Research Philosophy, Research Approach, 

and Research Techniques. These approaches form a nested model where the selection of 

techniques/tools is reached by a process of narrowing down the philosophical stance to selecting 

an appropriate paradigm (Figure 5.1). A nested approach has three layers, which can make it 

easier to follow, but might not cover all essential requirements to meet the research needs 

(Kagioglou et al., 2000). 

 

 

 

 

 

 Figure 5.1 Nested research model (Kagioglou et al., 2000) 

 



119 | P a g e  
 

The second model is a new research proposition “Research Methodology Life Cycle” by Dawood 

and Underwood (2010) (Figure 5.2). Various branches of this model are presented, and the 

sequence begins by identifying different branches of the Research Philosophy (metaphysics, 

ethics, logic, aesthetic). This is followed by Research Epistemology (positivism, realism, and 

interpretivism), after which the next step is Research Ontology (subjectivism and objectivism). 

Afterwards, the model identifies the Research Approaches (deductive, inductive and abductive), 

followed by Research Strategies (experiment, grounded theory, case study, action research, and 

ethnography), Research Choices (mono/mixed/multi methods) and Time Horizon (cross sectional 

and longitudinal). Finally, Axiology is explored and linked through to the data collection 

techniques (sample, secondary data, observation, interviews, and questionnaires). Although the 

model provides a holistic picture through the research methodology and assists researchers with 

their research process (Dawood and Underwood, 2010), it has not been adopted by previous 

academic researchers and is thus not reliable on this basis.  

 

 

 

 

 

 

 

 

 

 

 

 

The third model was proposed by Sexton (2007) (Figure 5.3), but is confusing, especially for 

researchers who are not native speakers of English (Dawood and Underwood, 2010). Unlike the 

nested model, this model consists of two approaches:  

1) Research Dimensions, which consists of realism and idealism under Ontology; positivism 

and interpretivism under Epistemology; and value neutral and value- based under Axiology. 

2) Research Techniques, which comprises experiment, survey, case study, action research, 

ethnography (Dawood and Underwood, 2010; Pathirage, Amaratunga, and Haigh, 2005). 

Figure 5.2 Research methodology lifecycle (Dawood and Underwood, 2010) 
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The last model was proposed by Saunders, Lewis, and Thornhill (2019) and represents six layers 

of a research methodology, called the “Research Onion” (Figure 5.4). The layers consist of: 

Research Philosophy (positivism, critical realism, interpretivism, post modernism and 

pragmatism), Research Approach (deductive, inductive and abductive), Research Methodological 

Choice (mono/multi methods qualitative and quantitative/mixed method simple and complex), 

Research Strategies (experiment, survey, archival research, grounded theory, case study, action 

research, ethnography, and narrative inquiry), Time Horizon (cross sectional and longitudinal), 

and Data Collection and Data Analysis. For this study, the “Research Onion” will be adopted as it 

fully reflects the various research concepts that exist, and on details different methodological 

approaches that are believed to fit well for this research. 

 

 

 

 

 

 

 

 

 

 

The Research Onion provides a complete picture, which offers an understanding of the research 

components and the appropriateness of various methods when considering the research aim. 

Furthermore, the “Research Onion” is the main model adopted across various academic research, 

which contrasts with the other research models that are not being widely adopted, and not 

completely reliable. 

Figure 5.3 Research approach (Pathirage, Amaratunga, and Haigh, 2005; Sexton, 2007) 

 

 

 

 

Figure 5.4 Research Onion (Saunders et al., 2019) 
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The subsequent sections of the chapter will align to the sequence of the “Research Onion” model 

by discussing how they support the research aim/objectives and the justification for the 

methodological choices. Having introduced the different models that exist and the rationale for 

the adopted model, the next section outlines the research design followed by the research 

methodological process adopted. 

 Research Design  
 

According to Robson (2002), the research design helps to transform the research question into a 

research project, whereas Gray (2014, p. 128) defines research design as “the overarching plan 

for the collection, measurement and analysis of data”. According to Crotty (1998), methodology 

is the plan of action, approach, design or process behind the preference and application 

techniques in research. Yin (2009) describes the research design process as a plan for navigation 

through the research journey. Research design is therefore the general plan for successfully 

answering research questions after the identification of a research philosophy, research methods, 

strategies, and techniques (Creswell et al., 2007). Figure 5.5 presents a summary of the research 

design, which comprises three phases. The next section will discuss how the phases of the 

research design relate to the study’s research aim and objectives. 

 Figure 5.5 Research Design process for this research 
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 Alignment of Research Design phases to Research Aims and Objectives 
 

It is vital to present the relationship between the aim, objectives and research design, and to 

understand this relationship in order to acknowledge if the proposed objectives align with the 

adopted research phases (Robson, 2002). Furthermore, different objectives are achieved within 

different phases. Moreover, a selective data collection technique(s) is required to achieve certain 

objectives. The alignment between the three research phases of the research design and the 

research aim and objectives are detailed in Table 5.1: 

1) Phase one (Literature review to establish the conceptual framework): A critical review of key 

literature in the field will span all objectives since it will explore and search for information 

that relates to the overview of the UK construction industry, client sector requirements, and 

approach to BIM. It will extract the key issues that exist when identifying the research 

problems and relate them to the objectives. The literature will also conduct a detailed critical 

review on existing separate BIM maturity and KPI metrics, and both metrics combined. This 

will assist in developing a draft conceptual framework that examines the proposed metrics 

and culminates in the presentation of a final conceptual framework. Having proposed a 

conceptual framework, the literature will be reviewed, and updated based on each of the 

phases (Figure 5.5). A proposed conceptual framework will meet objectives two-six, since the 

framework will be initially based on the critical review of key literature. 

2) Phase two (Data collection to examine a proposed conceptual framework): Prior to the data 

collection phase, a pilot study will be conducted in order to collect feedback from experts in 

the field on the framework and thereby check whether it meets the UK client vision for linking 

BIM maturity and KPI metrics. Furthermore, three data collection methods have been adopted 

for this research. The first method is a series of focus group workshops, which will meet 

objectives two-six since it relies mainly on the outcome (findings) from Phase one (critical 

review of the key literature leading to the proposed conceptual framework). The workshops 

will collect information as set out in the objectives and further update the proposed 

assessment framework. The workshop data will be saturated once no further new information 

is collected. The second method is a set of semi-structured interviews, which will meet 

objectives four-six by building on the findings of Phase one, and that of the focus group 

workshop findings, to further develop the proposed assessment framework. The third method 

will be a questionnaire survey, which will meet objectives five and six by building on from the 

findings of the semi-structured interviews and inform the design of the questionnaire. The 

development from the proposed framework (conceptual framework) to the framework stages 
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(initial framework development) will be provided in the end of each data collection stage.  

3) Phase three (Evaluation and development of the final framework): The final phase, based on 

phase one and two findings, aligns to the final objective. Having completed the data collection 

phase, this phase will review the alignment between the literature review, and data collection 

findings, and the proposed framework (conceptual framework), which will be achieved 

through internal discussion (internal validity) that discusses the development of all stages of 

the framework (initial framework development). In this final phase, the framework will be 

evaluated within a single focus group workshop (external validity), which aims to further 

develop and finalise the proposed framework (Final framework). Table 5.1 presents a 

summary of the research design and objective alignment. 

 

There are a number of methods that will be adopted and considered to best fit with the aim and 

objectives for this research. Figure 5.6 illustrates the adopted research methods for this research. 

Table 5.1 Alignment of the research design phases and the research aim and objectives 
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Having presented an outline on the research design, its relationship with the aim and objectives, 

and a summary of the adopted data collection methods aligned to the three phases of the 

research design, the next section will discuss the research design in accordance with the 

methodological layers of the Research Onion. 

 Research studies associated with the Research Onion layers  
 

Saunders et al. (2019) state that the way in which research questions are asked can determine 

the research studies. Yin (2018) explains the significant impact of the research studies on the 

Figure 5.6 Research Design (methodologies chosen) for research 
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data collection and analysis choices. The research study is associated with all layers of the 

Research Onion; therefore, different studies will be discussed in order to specify the purpose that 

best reflects this research. There are four types of research study, which can also be combined 

in one study (David and Sutton, 2011; Saunders et al., 2019): 

1. Exploratory (asking open questions to explore a phenomenon): Exploratory studies with ask 

questions to discover findings and explore a topic. Exploratory research is based on questions 

that ask “who” and “what” (Yin, 2018). Questions used in this study aim to explore and 

understand issues. Studies are flexible and adapt to change. 

2. Descriptive (collecting and describing data): Descriptive studies tend to collect precise 

information on diverse existing data. Descriptive research poses questions such as “who”, 

“what”, “where”, “when” and “how” (Yin, 2018). Questions used in this study aim to describe 

issues in order to have a clearer understanding. This study maintains a high level of persistence 

from the data collected and aims to describe it in such detail. 

3. Explanatory (explaining relationships between variables by addressing the current situation): 

Explanatory studies establish relationships between variables. Exploratory research poses 

questions such as “how” and “why” (Yin, 2018). These questions aim to identify existing 

problems to explain these relationships. The data is explained in detail. 

4. Evaluative (assessing the effectiveness of an organisational or business strategy): Evaluative 

studies try to recognise if the data collected will be valid and appropriate. Descriptive research 

considers “who”, “to what extent”, “where”, “when”, “which”, and “how” questions to further 

evaluate reasons and make comparison between objects (Yin, 2018). The questions used aim 

to evaluate existing data in order to understand and conduct comparisons. 

Based on the nature of the phenomena explored, the adopted research study will be a 

combination of exploratory and explanatory as the research seeks to understand what BIM 

maturity means, what KPI metrics are used, how BIM maturity and KPI metrics can be linked, and 

why linking them help to tackle existing problems within the UK client sector. The relationships 

between BIM maturity and KPI metrics will be explained to see if it operates within the 

framework and how. The framework will be validated across the UK client sector, and the 

collected data will seek to support the framework development based on the feedback received. 

Having presented an outline of the research design and the research study, the next section will 

discuss the adopted research methods, as aligned with the layers of the Research Onion. 
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 Research Philosophy  
 

When conducting any research, a strategy is a fundamental consideration for the researcher 

(Gray and Malins, 2004). This is referred to as the ‘philosophical paradigm’ (Collins, 2010; Fellows 

and Liu, 2015; Saunders et al., 2019; Trochim and Donnelly, 2006). The research philosophy is 

conducted by identifying a set of vital assumptions upon which the researcher views the world. 

These assumptions will help to support the research strategy and methods used to achieve the 

aim and objectives. Identifying the research philosophy will provide guidance on how the 

researcher views the world (Collins, 2010). These assumptions underpin the research strategy 

(Creswell et al., 2007): Ontology (nature of science and truth), Epistemology (what constitutes 

acceptable knowledge) and Axiology (role of values). Assumptions have been defined by 

Fumerton (2008) as divisions of a research philosophy; the research philosophy explains how 

research methods will be adopted and offers reasons why they have been adopted. The next 

section will discuss the first of these research assumptions (Ontology) and the extreme positions 

on the continuum. 

 Ontology 
 

In the context of social research, ontology refers to a theoretical behaviour that is defined by, or 

comprises, social reality. Bryman (2016) defines ‘ontology’ as the reflection of reality with 

respects to social units, while ‘epistemology’ is a reflection of the adequacy of knowledge. Two 

concepts define ontology (objectivism and subjectivism) which represent extremes on a 

continuum. Objectivism is defined by the position that social phenomena exist external to social 

actors and are related to how they are presented (Crotty, 1998). Constructivism (subjectivism) 

states that social phenomena are represented by different views that result from the actions of 

social actor and relate to how they are presented (Saunders et al., 2019). Usually, research adopts 

philosophical stances that fall between these extremes, which accords with specific a research 

aim and objectives (Quick, 2014; Uhl-Bien and Ospina, 2012).  

This research develops a BIM maturity and KPI assessment framework to assess the levels of BIM 

adoption and their alignment with the UK construction strategy.  This requires the involvement 

of UK practitioners to reflect from their individual experiences in adopting BIM maturity and KPIs 

within their working environment. This will be driven by the social reality of organisations, 

interactions with people and exploring their perceptions and actions. As such, the adopted 

ontological position will be a variation of objectivism and subjectivism, since a set of assumptions 

are made when developing a BIM maturity and KPI assessment framework that requires both 

extremes.  
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 Epistemology 

 
Epistemology is influenced by what creates satisfactory knowledge in a specific field of study 

(Saunders et al., 2019). “Epistemology is the branch of philosophy that concerns the origins, 

nature, methods, and limits of human knowledge” (Fellows & Liu, 2008, p. 68). It is vital for a 

researcher to determine their epistemological position in order to critically select the appropriate 

methodology in relation to the nature of the research.  There are five epistemological positions: 

1) Positivism (Detached from the participant): The positivist position adopts quantitative 

experimental methods to test hypothetical-deductive generalisations. Positivism assumes 

the world conforms to fixed laws of causes and effect, and complex issues can be tackled 

using simplified and systematic approaches (Crotty, 1998). This research will aim to establish 

a potential relationship between BIM maturity and KPI metrics (quantitatively), as associated 

with a positivist strategy. However, the research will not rely solely on these relationships, 

but also on direct contact with participants and their views on the adoption of BIM maturity 

and KPI metrics within the UK industry. This requires the involvement of participants’ 

personal views, and the research will not distinguish between feelings and reality. Therefore, 

this shall not be the adopted epistemological position. 

2) Critical Realism (reality is vital and seen as external): Similar to a positivist position, the 

essence of critical realism is what humans’ sense as reality and objects have an existence 

independent of the human mind (Crotty, 1998; Saunders et al., 2019). According to Crotty 

(1998), realism is different from the concept of idealism, which only describes the existence 

of the mind and its peculiarities. This position is based on the assumption of a scientific 

approach to the development of knowledge. This research aims to identify the relationships 

of BIM maturity and KPI metrics through an assessment framework, which relies on the idea 

of objectivity, and assesses the levels of BIM adoption within the UK industry, which would 

link to the human mind. However, the research does not only depend on objectivity and the 

human mind, but on interactions with participants. There is no control over the data 

collection process and bias cannot be reduced with the interactions with people. Therefore, 

this shall not be the adopted epistemological position. 

3) Interpretivism (open to new knowledge): Interpretivism proposes qualitative and naturalistic 

approaches to inductively and holistically understand and explain a certain phenomenon. 

According to Creswell and Clark (2011), interpretivism aims to increase the overall 

understanding of the subject in which the research develops through the collection and 

induction of rich data. This position assumes that a researcher should consider the differences 
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that exist between humans as social actors (Saunders et al., 2019). This research explores the 

levels of BIM adoption and their alignment to the UK construction industry.  This is achieved 

by developing an assessment framework and identifying the BIM maturity and KPI metrics 

used (qualitatively), which is associated with an interpretivist position. The researcher will 

approach participants to understand their requirements, how different groups of people 

influence each other, and the impact of direct contact with participants. However, the 

research will not rely solely on participants’ views on the adoption of BIM within the UK 

industry, but on the relationships between BIM maturity and KPI metrics, which will rely on 

facts and reality. Therefore, this shall not be the adopted epistemological position. 

4) Postmodernism (no absolute truth to reality): Postmodernism emphasises the role of 

language and power relations, by seeking to question accepted ways of thinking and give voice 

to alternative marginalised views. A postmodernist researcher would focus on the ongoing 

processes of organising, managing and ordering that constitute such entities. As a philosophy, 

postmodernism rejects concepts of rationality, objectivity, and absolute truth to reality, unlike 

critical realism, which sees reality as fundamental. Instead, it emphasizes the diversity of 

human experience and multiplicity of perspectives. There is no in-depth investigation of how 

the framework is conducted and there is no focus on ongoing processes. However, concepts 

of rationality, objectivity, and universal truth will be achieved in this research by presenting 

statistical outcomes on how the BIM maturity and KPI metrics are linked, which will be driven 

by human experiences of the potential relationship of both within the UK industry. Therefore, 

this shall not be the adopted epistemological position. 

5) Pragmatism (problem solving and informed future practice): According to Creswell (2014), 

pragmatism is seen as a foundation that relies on more than one methodological approach of 

enquiry, and this allows the strengths of more than one methodological approach to better 

arrive at results that tackle existing problems and benefits from the extremes of a research 

continuum (objective and subjective). Therefore, it must be adapted to achieve better 

outcomes that depend on the nature of the research question (if it is multi-dimensional). 

Pragmatism deals with reality and truth, rather than theory and opinion, and is assumed by 

considering competing philosophical worldviews (positivist and interpretivist) (Morgan, 2007).  

This enables the capture of strengths from each extreme rather than just the adoption of one 

and neglect of the other. This research aims to explore the potential links of BIM maturity and 

KPIs in order to overcome existing problems with absence of a link. This aims to reflect on the 

overall performance of the UK construction industry and better educate the client sector. As 
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a result, the adopted epistemological position shall be pragmatism, since the research starts 

with a problem. This will be achieved by adopting both the objective and subjective stances in 

order to take the strengths of each to better arrive at results that solve the problem. This 

philosophy is achieved from the mix of inputs that include human experience and statistical 

evidence regarding the potential relationship between BIM maturity and KPI metrics. Hence, 

pragmatism aims to achieve this outcome and is best suited for this research that measures 

the levels of BIM maturity by linking it with KPI metrics in an assessment framework based on 

the current literature (Bryman, 2016). Figure 5.7 presents a summary of the epistemological 

positions and highlights the adopted position for this research. 

 

Having described the epistemological position, the next section will discuss the research 

assumptions (Axiology) and select the position most relevant for this research. 

 Axiology  
 

Axiology is defined as a branch of philosophy that studies judgment about value. Axiology, in the 

Research Onion, is viewed as a philosophical branch that emphasises the judgement of research 

values (Saunders et al., 2019). There are five axiological classifications, which are linked back to 

each of the epistemological positions (Section 5.4.2) in numbering order. They are:  

1) Value-free (research is free and detached from social beliefs to avoid bias): The researcher 

Figure 5.7 Research Epistemological positions and selection of a position (Saunders et al., 2019) 
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maintains an objective stance, and will be detached from their research and the presented 

data (Crotty, 1998; Saunders et al., 2019). As this research investigates a BIM maturity and 

KPI metrics relationship, the researcher will not be detached from the research and social 

beliefs.  Instead, the research will be based on direct contact with participants and their views 

on the adoption of BIM maturity and KPI metrics within the UK industry. Therefore, this shall 

not be the adopted axiological position. 

2) Value-laden (research is not detached from people (values) and strong views are taken): 

Similar to value free research, the researcher tries to minimise bias and error, and is as 

objective as possible; however, value-laden research is not detached from people and the 

researcher acknowledges bias in their world views and cultural experience (Saunders et al., 

2019). This research explores the relationship between BIM maturity and KPI metrics, which 

is based on arguments and explanations provided by practitioners and authors. The 

mechanism that structures those arguments and explanations will rely on the researcher’s 

knowledge and expertise in the research area, which will adopt to an objective stance. This 

relies on the researcher’s experience in the field and interactions with other axiological 

positions, and therefore, will not be the adopted axiological position. 

3) Value Bound (Researchers are part of what is researched, subjective): Contrary to value-free 

and laden, researchers are part of what is researched and take a solely subjective stance; 

moreover, the researcher’s interpretations are key to the contribution (Saunders et al., 2019).  

This research will adopt to a subjective stance, however, this research will not rely solely on 

the subjective stance when identifying the relationships between BIM maturity and KPI 

metrics and capturing tacit knowledge and expertise from practitioners on the research area.  

Rather, it will also depend on the objective stance taken to demonstrate the relationship, 

which relies on facts, reality, and will rely on the research’s expertise on the research area.  

Since this involves adopting an objective and subjective stance, it will not be the adopted 

axiological position. 

4) Value Constituted (researcher and research embedded in power relations): Similar to value-

laden research, the researcher and research are embedded in power relations, and some 

research narratives are silenced at the expense of others.  Similar to value bound research, a 

subjective stance is taken (Saunders et al., 2019), hence, an objectivist stance and universal 

truth is rejected, and value constituted research challenges ways of thinking and knowing in 

demonstrating the relationship between BIM maturity and KPI metrics and makes a distinction 

between feelings and reality. Therefore, this shall not be the adopted axiological position. 
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5) Value-driven (Research initiated and sustained by researcher’s doubts and beliefs): Research 

relies on doubts and beliefs, and the researcher’s values drive the reflexive process of inquiry, 

which is initiated by doubt and a sense that something is wrong or out of place (Saunders et 

al., 2019). This means addressing the research problem and adopting a mix between the 

objective (value-free) and subjective (Value bound) stances to reach solutions to those 

problems and inform future practice, which may contain a mix of feelings and reality.  

Having reviewed the different axiological positions, and based on the nature of the phenomena 

explored and its relationship with the ontological and epistemological positions, a value-driven 

axiological position will be adopted since the researcher’s values drive the reflexive process of 

inquiry, when proposing an assessment framework that delivers practical solutions that aim to 

overcome existing problems in the UK. The adoption of value driven would support the 

ontological position of objectivism and subjectivism by adopting a mix of both reality and social 

interaction with participants in order to deliver a linkage between BIM maturity and KPI metrics.   

Having established the research axiological position, the next section will discuss the second 

Research Onion layer (research approach) and select the approach relevant for this research. 

 Research Approach 
 

The Research Approach relies on the use of a theoretical position to build on a research design 

and formulates the philosophical stance adopted (Saunders et al., 2019). Each study starts with 

a theory, and it is the clarity of the theory at the outset that most affects the choice of research 

approach and design. Thus, there are three research approach positions: 

1) Deduction (testing a theory built from literature to generate it): A deductive approach 

includes the progress of a theory that is methodically tested. The initial step identifies a 

theory related to a topic of interest, after which this theory is narrowed down into a more 

specific hypothesis that can be assessed before narrowing down further. A deductive 

approach is appropriate when the research topic is supported by extensive literature, where 

a hypothesis is developed and a research strategy is subsequently used to test this 

hypothesis, which occurs within the boundaries of existing knowledge (Fellows and Liu, 2008; 

Saunders et al., 2019). Trochim and Donnelly (2006) believe that deductive thinking works 

from broader to more particular and could be called a ‘top-down’ method (Hyde, 2000). The 

steps of deductive reasoning are available in Figure 5.8. 

 

 

 Figure 5.8 Deductive Reasoning (Trochim and Donnelly, 2006) 
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Although the research will start with a review of literature on BIM maturity and KPIs and how 

they could be linked within an assessment framework, the framework shall be tested and 

validated within the UK construction industry.  Moreover, the data collected shall be analysed 

to deliver a final combined framework from the literature (specific) to be examined and 

subjected to validation by UK clients. Therefore, based on the data collected and the theory 

developed, the research will conclude with a framework. This would result in the usage of 

more than one approach and will not rely solely on deduction. Thus, this would not be 

adopted research approach. 

2) Induction (generating a theory from data collection and testing it): In contrast, an inductive 

approach contains perceptions that promote the development of a hypothesis. The inductive 

approach is frequently used in subjectivist ontology and is often referred to as a ‘bottom-up’ 

approach in that it goes from the specific to the general. A inductive approach is appropriate 

when the research topic is new and there is insufficient literature; thus, data is collected and 

theory is developed, which extends beyond the boundaries of existing knowledge (Fellows 

and Liu, 2008; Saunders et al., 2019). Trochim and Donnelly (2006) suggest that inductive 

reasoning moves from specific observations to broader generalisations and theories. The 

steps of inductive reasoning are illustrated in Figure 5.9. 

 

 

 

 

The critical review of the current literature on BIM maturity and KPIs starts from general 

information (specific) for both that will guide the development of a framework that will 

subsequently be tested in relation to its usage in the wider UK construction industry (general). 

This requires the usage of a deductive approach where the research topic is supported by 

extensive literature on BIM maturity and KPI metrics (general), but addresses an issue 

concerning the links and leads to the development of a framework (specific). However, the 

research will deliver a framework that will be implemented within the UK construction 

industry. Therefore, since the research will require the interactions between the specific and 

general context, reviewing the literature means consulting existing knowledge and therefore 

the study will not rely solely on induction. Thus, this would not be adopted research 

approach. 

3) Abduction (generalising from the interactions of theory built from literature and theory 

tested from data collection): An abductive approach is a mix of both deductive and inductive, 

Figure 5.9 Inductive Reasoning (Trochim and Donnelly, 2006) 
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known as the “V” or “W” model or “top-down vs bottom up”. Mixing deductive and inductive 

may lead to a more significant result. An abductive approach is appropriate when the theory 

underlining the phenomena is plausible, where data is collected to explore a phenomena and 

to modify an existing theory, and, as such, it interacts within the boundaries of existing 

knowledge (Fellows and Liu, 2008; Saunders et al., 2019). Abductive reasoning is a successful 

way of researching; however, the outcome is satisfactory if a pure inductive or deductive 

approach were implemented (Bryman, 2016; Teddlie and Tashakkori, 2009; Trochim and 

Donnelly, 2001). The steps of the abductive reasoning are shown in Figure 5.10. 

 

The adopted research approach will be abductive, since it will build on existing literature on BIM 

maturity and KPIs before developing a theory by combining BIM Maturity-KPI in an assessment 

framework. The framework will be refined and examined across the UK construction industry, 

and the results shall be used to generate an update to the existing framework.  This will be done 

through the use of deduction and induction (Bryman, 2016; Gray, 2014), as the framework will 

be refined, tested and generated from the literature and the data collection. 

Figure 5.11 presents a summary of the research approaches and highlights the adopted 

approach. 

 

Having adopted a research approach, the next section will discuss the third Research Onion layer 

(methodological choice) and select the methodological position relevant for this research. 

Figure 5.10 Abductive Reasoning (Trochim and Donnelly, 2001) 

Figure 5.11 Selection of research approach based on research aim and objectives 
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 Research Methodological choice 

 

According to Crotty (2003) methodology is the plan of action, the approach, design or process 

behind the preference and application techniques in research. This layer involves the choice 

between quantitative, qualitative methods, or a mix between quantitative and qualitative (mixed 

method). The methodological choices outlined include the mono method (usage of a single 

method in quantitative or qualitative methods), multi-method (usage of multiple methods in 

quantitative or qualitative methods), and mixed methods (Saunders et al., 2019). Methods used 

are expected to rely on the philosophical position of the research and the numerical or factual 

data collected, whether it is numerical, based on personal opinions or both. The methods 

identified in this layer (Saunders et al., 2019) are: 

1) Quantitative: Quantitative methods calls for data to be collected in numerical form, where 

the data presented could include a use of diverse statistical and graphical techniques. 

Quantitative research is mainly connected with experiments, survey research strategies, 

archival research, and case studies (Saunders et al., 2019). It has been found to be suitable 

for addressing research questions relating to what, how much and how many (Fellows and 

Liu, 2008). Quantitative methods are mainly driven by the objectivism, positivism, value-

free, and deduction research continuum since they rely on factual data which requires an 

objective stance.  

The literature shall provide existing data on BIM maturity, KPI metrics and how it has been 

approached. The data presented will need to establish a potential linkage which would be noted 

numerically by determining the levels of BIM maturity [Awareness (1) to Consistency (3)] and 

determining the strength of relationship between the BIM maturity and KPI metrics [No 

relationship (0) to Significant (3)]. The inputs involve people’s opinions on where they score 

themselves with BIM maturity and how they determine the strength of relationship between BIM 

Maturity and KPI metrics. This research will not rely solely on quantitative methods, but on UK 

client views to determine the BIM maturity and KPI metrics used within the industry, if there is a 

potential linkage between both, and how this linkage would be reflected to the industry.  This 

will require the collection of personal opinion (qualitative data) to further support the numerical 

data (quantitative). Thus, this requires a mixed use involving numerical facts and personal 

opinions; as a result, quantitative would not be the adopted research methodological choice.  
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2) Qualitative: Qualitative methods calls for data collection methods that focus on participant 

opinions, and could thus include a diverse range of data collection techniques in order to 

contribute to a theoretical position that will not adapt to a regular procedure. It provides the 

means to explore and understand subjective thoughts that individuals or groups ascribe to a 

phenomenon (Creswell, 2009). Quantitative methods are mainly driven by subjectivism and 

interpretivism; moreover, they are value-bound, and since they rely on personal opinions 

require a subjective stance. A range of strategies are utilised with qualitative research, 

including action research, case study, ethnography, grounded theory and narrative research.  

The literature provides existing data on BIM maturity and KPI metrics and how UK clients see 

themselves regarding the levels of adoption and BIM maturity, and the KPI metrics used within 

the UK construction industry. The data collected will then be presented to the UK client sector to 

collect their opinions on the levels of adoption concerning BIM maturity, the KPI metrics used, 

whether there is a linkage, and the benefits that could be extracted from a linkage. This research 

will not rely solely on qualitative methods, but will require these methods to establish a potential 

linkage.  This will be collected numerically by determining the levels of BIM maturity and 

determining the strength of relationship between the BIM maturity and KPI metrics, which will 

include collecting numerical facts (quantitative).  This will further support the personal opinions 

(qualitative). Thus, this requires a mixed use between numerical facts and personal opinions, and 

as a result, which will form the adopted research methodological choice.  

Within quantitative and qualitative methods, the following may be used: 

• Mono-method research: The usage of a single method quantitative or qualitative method. 

Both research types can also stand on their own before being integrated to form 

conclusions (Saunders and Tosey, 2012).  

• Multi-method research: The usage of multiple methods, which are either quantitative or 

qualitative. In multi-method quantitative studies, the researcher develops their hypothesis 

based on objectivism, which is validated by implementing different types of quantitative 

methods (for example, a questionnaire) with associated quantitative analysis procedures 

(Bryman, 2016; Creswell, 2014; Saunders et al., 2019). For multi-method qualitative 

designs, the researcher adopts a subjectivist philosophical paradigm to establish their 

proposed ideas, which will be validated by implementing different types of qualitative 

method (for example, in-depth interviews) with associated qualitative analysis procedures 

(Tashakkori and Teddie, 2009).  

Table 5.2 presents the differences between quantitative and qualitative research (Bryman, 2016). 



136 | P a g e  
 

 

 

 

 

 

 

1) Mixed Methods: Mixed methods combine quantitative and qualitative mono or multi 

methods in various ways, where the data collected can be presented in different ways from 

graphical and statistical and meaningful patterns identified. Mixed method research is 

advocated when the nature of the problem lends itself to use of data collection methods 

across quantitative and qualitative methods (Amaratunga et al., 2002). Mixed methods are 

mainly driven by the two objectivist continuums (positivism, value-free, and deduction 

research) and this is followed by a subjectivist stance (interpretivism and postmodernism, 

value-bound and value-constituted, and induction research) or vice versa.  Alternatively, it 

can include a combination of objectivism and subjectivism, pragmatism and critical realism, 

value laden and value-driven, and abduction (Collis and Hussey, 2009; Kothari, 2004; Patton, 

2015; Tashakkori and Teddlie, 2009).  

Within mixed methods (triangulation), quantitative and qualitative research are combined 

within the research design. This generally refers to a research design where qualitative and 

quantitative strategies are engaged to collect data, either sequentially or concurrently, and 

the data is integrated at one or more stages in the research process (Creswell et al., 2009). 

There are three mixed method designs associated with mixed method research as follows: 

a. Sequential Mixed Method (Exploratory design): This design allows findings of one method 

to be verified by another. This may involve beginning with a qualitative strategy followed 

by a quantitative strategy or vice versa (Tashakkori and Teddlie, 2009). The main strength 

of this method is down to the fact that exploration may help the researcher to build general 

knowledge about the proposed variables to be studied, where the findings from one 

method inform the subsequent method.  Moreover, both quantitative and qualitative 

analysis can be used to provide in depth personal opinion data as well as to contextualise 

statistical results (Creswell, 2014). However, a key weakness is the huge amount of time it 

can require to enable completion, since it relies on the usage of both quantitative and 

qualitative methods,; moreover, both methods may be linked and therefore, one method 

(i.e. qualitative) may delay the other (i.e. quantitative). 

Table 5.2 Comparison between qualitative and quantitative research (Bryman, 2016) 
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b. Concurrent Mixed Method (Triangulated or nested): otherwise known as parallel design 

(Tashakkori and Teddlie, 1998) whereby only one data collection phase is used, but both 

qualitative and quantitative strategies are engaged on the same subject concurrently to 

collect data and produce results (Amaratunga et al., 2002). The main strength of this 

method is the shorter data collection time due to the parallel nature of the collection 

(Creswell, 2014). However, a key weakness is the greater effort and skill required to use 

two separate methods at the same time. Moreover, it can be difficult to compare the 

results, which may deliver complex data that may be difficult to analyse and potentially 

lead to misunderstanding or misinterpretation amongst users (Amaratunga et al., 2002). 

c. Transformative Mixed Method: This is a combination of sequential and concurrent that 

relies on a dual theoretical lens within which quantitative and qualitative data can be 

deployed. The main strength of this method is that the theoretical perspective could be 

ideological and involve either a sequential or concurrent approach (Creswell, 2014). 

However, a key weakness is the minimal guidance on this strategy, hence it is unpopular 

within the mixed method research community (Creswell, 2014). 

Having reviewed the different research methodological choice positions, and based on the nature 

of the phenomena explored, the adopted research methodological choice position shall be mixed 

method. The aim of the research is to develop a proposed BIM maturity-KPI assessment 

framework for the UK public sector construction client. This involves the interaction of 

quantitative and qualitative methods by consulting industry practitioners to gather their views 

on BIM maturity, KPI metrics and their potential relationship (qualitative), and the benefits of a 

linkage, where participants see themselves within the BIM maturity levels [Awareness (1) to 

Consistency (3)], and the strength of any relationship between BIM maturity and KPI metrics [Not 

Significant (1) to Significant (3)] (quantitative). As a result, both objective and subjective stances 

will be adopted alongside pragmatism, value-driven, and abduction.  This will present numerical 

data and opinions to determine whether there is a linkage between BIM maturity and KPI metrics, 

and to ascertain the strength of any linkage.  

The research type that will be adopted for this research will be Sequential Mixed Method. The 

research aims to develop an assessment framework for UK clients that will require the collection 

of information from various UK construction organisations. In addition, the information involves 

numerical relationships, such as those between BIM maturity and KPI metrics, which will examine 

how both metrics are linked. Furthermore, observations on the presented framework will 

consider how it could provide a meaningful and applicable framework to UK clients. The 
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information collected will rely on personal views concerning the levels of BIM maturity (sections 

4.5.1 and 4.5.2), and through qualitative means (i.e. focus groups or interviews).  This will enable 

an examination of the relationship between BIM and KPIs through numerical measures (section 

4.5.3), which collects data by quantitative means (i.e. online questionnaires). This information 

will be collected one step at a time, (i.e. qualitative through focus groups or interviews) and then 

will proceed with the next step (i.e. quantitative through online questionnaires). This allows 

quantitative and qualitative methods to be explored together to consider a potential linkage. 

Based on the mixed method collected data, the framework shall be updated frequently to enable 

validation and a mixed analysis will support this process. Figure 5.12 presents a summary of the 

research methodological choices and highlights the adopted choice. 

 

Having established the research methodological choice, the next section will discuss the fourth 

Research Onion layer (research strategy) and select the strategy relevant for this research. 

 Research Strategy 
 

The Research Strategy refers to “the logic that links the data collection and analysis to yield 

results” (Fellows & Liu, 2008, p. 20). A research strategy refers to the overall logic underpinning 

the collection of evidence to support an enquiry (Yin, 2018). This layer emphasises that 

researchers can use one or more strategies within their research design as they plan how to go 

about answering a research question(s). A Research Strategy aims to achieve the end goal by 

Figure 5.12 Selection of research methodological choice based on research aim and objectives 
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identifying an action plan on how the data shall be collected (Bryman, 2016; Creswell, 2014; Gray, 

2014; Saunders et al., 2019). There are a number of research strategies in this layer as follows:  

1) Survey (collecting data from a large sample): A ‘survey’ is a strategy to generalise outcomes, 

which are grounded by data and result from sampling populations (Creswell, 2014; Saunders 

et al., 2019). Although a survey strategy could have been adopted, due to the consideration 

of a numerical relationship between BIM maturity and KPI metrics (Section 4.5.3), a full 

understanding of BIM maturity and KPI metric outcomes amongst UK clients is the main target. 

Hence, reaching a number of respondents is not the main requirement, but rather an 

understanding of the real process. As a result, this will not form the adopted research strategy.  

2) Experiments (hypothesis to anticipate if a relationship exists): Similar to a survey, an 

‘experiment’ is frequently considered the most demanding strategy to employ due to the need 

to reduce different explanations of outcomes (Trochim and Donnelly, 2001). Experimental 

research is more popular among the natural sciences and medical research (Fellows and Liu, 

2015; Kumar, 2011). Although the last stage of the framework needs to identify the links 

between BIM maturity and KPI metrics, no hypothesis will be developed, as the research is 

not seeking to establish cause/effect. Therefore, this method was not considered appropriate 

as it based on testing the application of a new entity in a new setting.   

3) Archival research (usage of community printed archives): Bryman (2016) defines archival 

research as ‘unobtrusive’ in nature as the researcher is not personally involved in observing 

the interactions or events examined. The archival research strategy involves the review and 

extraction of evidence from archival records (Elder, Pavalko, & Clipp, 1993). Although this 

research will require access to archives and documents (secondary data) on previous key 

related literature on BIM Maturity, KPI metrics, and both combined, a framework will be 

delivered and supported by the publication findings. Due to the nature of this problem, which 

aims to discover existing (and hitherto unrecorded) links between BIM maturity and KPI 

metrics, archival research will not be adopted. 

4) Ethnography (examine the culture of a social group): In ‘Ethnographic research’, the 

researcher is included for a specific period in the social life of those being examined and draws 

conclusions from the observation of these participants (Bryman, 2016). The primary character 

of ethnographic studies is the direct interaction of the researcher within the natural setting of 

the research subjects, often over long periods of time (Creswell, 2009). This research, however, 

aims to deliver an assessment framework to the UK construction industry, hence it shall not 

deliver insights or in-depth information about the industry in general; instead, the target is to 
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access organisations that use and understand BIM maturity levels. In addition, this research 

does not intend to study the behavioural patterns or physiologies of participants, and shall 

not deliver insights or in-depth information about the industry in general. Therefore, this will 

not be the adopted research strategy. 

5) a) Action Research (developing solutions to real organisational problems by collaborative 

means): The term ‘action research’ involves the researcher and a client working in partnership 

to identify and solve a problem (Bryman, 2016). This refers to research within a practical 

setting with the aim of integrating action and reflection, theory and practice to solve a 

research problem (Cameron and Price, 2009). It promotes organisational learning by 

identifying, planning, taking and evaluating action; this known as an action research 

continuous loop (Figure 5.13). 

 

The cycle exists by identifying and testing organisational issues through addressing existing UK 

organisational problems regarding the absence of a standardised set of BIM maturity and KPI 

metrics and their link with BIM maturity, which aims to deliver benefits to the performance of 

the UK industry. Furthermore, this entails understanding UK industry requirements through 

action planning, proposing the framework, testing solutions and taking action through collecting 

data on the framework. Finally, this requires action on knowledge by reflecting on the framework 

and updating it continuously based on feedback from the UK client sector.  This cycle would need 

to be repeated continuously to arrive at solutions on how to deliver the combined BIM maturity 

and KPI metrics. Although an action research strategy could have been adopted, due to its 

suitability in addressing the organisational problems associated with a lack of linkage between 

BIM maturity and KPI metrics, this method was not considered due to the nature of the problem, 

Figure 5.13 Action Research Cycle (left) and proposed cycle (right). (Saunders et al., 2019) 
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which aims to identify the links between BIM maturity and KPI metrics. Hence, to select action 

research, the researcher would play a vital role in influencing the selected organisation.  This 

requires the researcher to act as an active participant within the process, whereas for this study, 

the researcher will be involved as a passive observer. This study aims to establish a relationship 

between BIM maturity and KPIs, but does not expect to change the attitudes or behaviours of UK 

clients, but rather to understand how BIM maturity and KPI metrics could be linked. Therefore, 

this would not be adopted research strategy. 

5) b) Design Science (artifact made by human/s to solve problems, and are graphical 

representations): Similar to action research, Johannenson & Perjons (2014) state that, in 

design science, the ‘technological rule must take the form of what is known as an ‘artifact’, 

which are objects made by human to solve problems and are either physical entities or 

graphical representations.’ Voordijk (2009, 2011) describes the ‘technological rule’ as a 

general rule that is not a specific solution for a specific problem but a general solution to a 

type of problem. However, this method was not considered applicable to this study due to 

nature of the problem. An assessment framework will be presented to clients to help them 

understand BIM maturity and KPI metrics and how they operate within projects in 

organisations, to extract benefits by combining both, and to demonstrate how it can enhance 

the performance of UK clients. An artifact will not be produced; instead, a combined 

framework will be developed for testing by UK clients.  Thus, the proposed framework shall 

not be considered as an artefact in this context since it does not aim to offer any type of 

solution to existing problems concerning the absence of combined BIM maturity and KPI 

metrics. Therefore, this would not be adopted research strategy. 

6) Grounded Theory (theory that is discovered through systematic data collection): The term 

‘Grounded Theory’ was first presented by Glaser & Strauss in 1967 (Glaser, 2017; Glaser and 

Strauss, 1967). The primary objective of grounded theory is the development of theory from 

an inquiry (Creswell, 2009). Although grounded theory provides a systematic way to analyse 

a qualitative approach through direct analysis, the theory developed does not start from the 

ground since there is existing literature on BIM maturity and KPI metrics. Rather, this study 

will adopt both quantitative and qualitative methods to collect and analyse data, and will not 

aim to generate a new theory. Due to the nature of the problem explored, theory has already 

been established through the literature. Therefore, the research seeks to validate links 

between BIM maturity and KPI metrics via mixed methods research. As a result, this will not 

be the adopted research strategy. 
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7) Narrative Inquiry (interpreting a sequence of events): This is a qualitative strategy, where 

individual lifestyles are studied through story telling from individual’s own perspectives 

(Creswell, 2009). The stories are then reorganised and presented in a chronological order 

(Clandinin and Connelly, 2000). As the proposed framework will deliver BIM maturity and KPI 

metrics, it will not require storytelling, and instead shall require straightforward answers on 

potential links between BIM maturity and KPI metrics through numerical data and personal 

opinions from UK clients. Therefore, this will not be the adopted research strategy. 

8) Case study (in-depth usage of a topic or phenomenon in a real life situation): Yin (2014, p.43) 

defines a case study strategy as, ‘…an empirical inquiry that investigates a contemporary 

phenomenon in depth and within its real-life context, especially when the boundaries between 

phenomenon and context are not clearly evident’. Case studies are used to develop an in-

depth understanding of a phenomenon (Yin, 2014). This is often conducted within a defined 

context, called the case, which may refer to a specific set of restricting attributes, such as a 

geographic location, institution or organisation (Fellows and Liu, 2015). Similar to experiment 

strategy, a  case study strategy deals with inquiry from research questions that are associated 

with “how” and “why” questions, which are associated with explanatory research (Yin, 2018). 

A descriptive case study is utilised to refer to a phenomenon or processes, whereas an 

explanatory case study is usually theory driven and may be utilised to develop a hypothesis 

in a large research project (Fellows and Liu, 2015). An exploratory case study is typically used 

to test a hypothesis and develop logical conclusions (Yin, 2018).  

Having reviewed the different research strategies and based on the nature of the phenomena 

explored, case study will be the adopted research strategy. As this research aims to establish an 

understanding of what BIM maturity means, the KPI metrics used, how both can be linked, and 

why they would be linked to tackle problems that exist within the UK client sector, a case study 

will help to meet the aim of this research, and has therefore been selected as the main research 

strategy. The application of case studies would link back to exploratory and explanatory studies, 

the combination of objectivism and subjectivism, pragmatism, value-driven, abduction, and 

mixed method research This will all be adopted within a case study which will deliver primary 

and in-depth information. Nevertheless, there are a number of case study types within case study 

research. Thus, the next section explains the different types of case study research, and the main 

reasons for its selection. 
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 Identification of the case study type and selection criteria  
 

As stated by Yin (2018), case studies can be classified as single or multiple, and then, depending 

on the number of units of analysis, embedded (more than one unit of analysis) or holistic (one 

unit of analysis). Four types of case study designs exist (Yin, 2018):  

1) Single holistic case study: A single case study and uses one unit of analysis. 

2) Multiple holistic case studies: More than one case study and uses one unit of analysis. 

3) Single embedded case study: One case study but uses more than one unit of analysis.  

4) Multiple embedded case studies: More than one case study and uses more than one analysis 

unit. 

Yin (2014, p.80) states that choosing between a single and multiple case studies does not 

necessarily relate to production of less or more evidence: “On the one hand, a single case is 

frequently utilised to present a critical, extreme or unique case. On the other, a single case might 

be chosen because it is typical or provides a chance to observe and analyse a phenomenon that 

few have considered”. The rationale for using multiple cases could include the need for 

replication across cases. Hence, when selecting multiple case studies, they should share the same 

scale and rank in order for the research to be liable and valid. Cases will be selected on the basis 

that similar outcomes are foreseen for each (Saunders et al., 2019).  

Previous studies reveal common misunderstandings on case studies (Stake, 1995). One of the 

main misunderstandings is that, “One cannot generalise on the basis of an individual case; 

therefore, the case study cannot contribute to scientific development” (Flyvbjerg, 2006, p.3). “The 

view that one cannot generalise on the basis of a single case is usually considered to be 

devastating to the case study as a scientific method” (Flyvbjerg, 2006, p.8). According to Flyvbjerg 

(2006, p.12), “One can often generalise on the basis of a single case, […] as supplement or 

alternative to other methods, but formal generalization is overvalued as a source of scientific 

development […].”. The real process can be understood through an in-depth case study (Fu, 2012).  

For this research, a single embedded case study will be applied to allow the researcher to identify 

BIM maturity and KPI metrics, along with the strength of relationships between both, and its 

implications for UK clients, including different types of clients, within a single case. Since a mixed 

method choice was chosen that incorporates various types of analysis techniques (numerical and 

personal views), they will be analysed in different ways and compare BIM maturity and KPI 

metrics against their emerging benefits. Thus, a single embedded case study design will be 

selected to generalise the findings of this research across a single case with the usage of multiple 

unit of numerical and contextual analysis. The selection of a single case study is based on: 
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a. The organisation type is a main contractor-procurement platform driven by the client 

sector (a UK public sector local authority client). 

b. The focus is on investigating the platform, which is considered a unique case (Yin, 2018), 

since it will investigate the targeted platform for this research by exploring and studying 

the current operations of BIM maturity and KPI metrics on their platform, and serve the 

local authority by delivering a better understanding to clients involved with the platform 

(Proverbs and Gameson, 2008). 

c. Different levels of organisational experience with BIM maturity and KPI metrics are 

required, since it is essential to explore the levels of understanding of BIM maturity, 

including the BIM maturity and KPI metrics used in the platform, to establish the strength 

of relationship between both. Thus it is necessary to approach organisations with an 

appropriate level of understanding in the research area in order to capture relevant 

information that will help to meet the research aim and objectives. This will allow the 

researcher to compare between BIM maturity and KPI metrics being collected, and to 

determine whether they can be linked. 

d. The organisation must be willing to offer access to the data needed for the research in 

order for the researcher to determine the current state of the platform and support the 

delivery of a BIM maturity-KPI assessment framework.  

Figure 5.14 illustrates the four case study types and highlights the adopted type (Yin, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

Having selected a single embedded case study as the main case study type, the next section will 

discuss the selected case study for this research.  

Figure 5.14 Types of case studies based on the number and units (Yin, 2018) 
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 The North West Construction Hub (NWCH) 
 

The North West Construction Hub (NWCH) is one of the national main procurement bodies for 

construction in the UK (NWCH. 2009). They were established in 2009 in response to the Central 

Government’s drive to improve efficiencies within the public sector. The legal entity behind the 

NWCH is a UK public sector local authority client. NWCH establishes long-term relationships 

between clients and contractors, such that 98% of their projects are delivered on time and under 

budget, and 92% of their projects have received client satisfaction scores. NWCH is managed by 

a small dedicated team of Framework Managers and a series of Special Interest Groups (SIG) are 

held within the platform. The SIGs are established to deliver the Construction Strategy agenda 

covering topics such as Supply Chain, BIM/Digital Construction, and Training & Employment.  

Over recent years, and as part of the platform targets to meet client BIM needs, the NWCH 

Working Group have been involved with a number of academic projects. This included support 

to the University of Salford to explore BIM maturity and the derived benefits for client 

organisations. Due to nature of this single case study and based on NWCH established contacts, 

this research will approach multiple companies in the same domain (contracting) of the same 

industry (UK) located in the same area (Manchester) sharing similar field of expertise (contractors, 

managers, etc.). 

Figure 5.15 presents a summary of the research strategies and highlights the adopted strategy. 

 

Having adopted a research strategy, the next section will discuss the 5th Research Onion layer 

(research time horizon) and select the research time horizon relevant for this research. 

Figure 5.15 Selection of research strategy based on research aim and objectives 
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 The Research Time Horizon 
 

The time horizon represents the length of the period within which the research is conducted. 

This is represented in two ways. The first is known as a “snapshot of time”, which represents 

research undertaken in a controlled timeframe, and the second is the “diary”, which represents 

research conducted in an open timeframe (Saunders et al., 2019). There are two types of time 

horizon studies (Saunders et al., 2019):  

1) Cross-sectional studies (Snapshot of time): These resolve research problems and over a 

controlled amount of time. This involves studying a particular phenomenon, which requires  

exploration, description, explanation, or evaluation within a given timeframe.  

2) Longitudinal studies (Diary): This is based on resolving research problems in an open 

timeframe. This involves studying a particular phenomenon, which requires exploration, 

description, explanation, or evaluation in an open timeframe. This is only relevant and may be 

applicable with both action research and design science research since it addresses human 

behaviour and technological enquiries that could need to review change over a longer period of 

time. Green et al. (1993) emphasise the need to set a time horizon for research, namely that 

research cannot run indefinitely. Moreover, Bell (2014) believes that, inevitably, there are 

deadlines which the research activity must fit, and these must be stated clearly at the outset. 

Furthermore, a PhD study has a limited time period and therefore all activities and stages of 

research have to end within the defined time period. Therefore, this shall not be the adopted 

research time horizon. 

The adopted research time horizon will be cross-sectional, since the information collected will 

be grounded in the present day where it addresses a “snapshot” of the levels of BIM adoption 

and the technological usage of BIM maturity and KPI metrics.  Moreover, all activities must end 

within the allocated timeframe. It restricts an open timeframe to monitor changes to BIM 

maturity and KPI metrics, and the levels of BIM maturity, since it is beyond the scope to develop 

further changes and monitor the development and influence of the BIM maturity-KPI assessment 

framework for UK clients. Thus, a longitudinal horizon was not adopted. Figure 5.16 presents a 

summary of the research time horizons and highlights the adopted time horizon. 
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Having adopted a research time horizon, the next section will discuss the final Research Onion 

layer (data collection types) and select the data collection types relevant for this research. 

 Data collection (techniques) and data analysis (procedures) 
 

Saunders et al. (2019) distinguish data collection and analysis as the most vital part of conducting 

research. Some key issues were identified by Saunders et al. (2019), which consist of ‘sampling’, 

‘secondary data’ and ‘primary data’. These techniques are further expanded and discussed in the 

context of the research. This refers to techniques that will be engaged to collect the data. 

According to Kumar (2011), three main types of data collection exist: observations, 

questionnaires, and interviews. Naoum, (2013) also classified surveys as a data collection 

technique. Three main research techniques have been adopted for this research: focus group 

workshops, semi structured interviews, and an (online) questionnaire. 

 Workshops (Group data collection type) 

 
A workshop is a data collection type that involves a selected group of participants within a study. 

A workshop technique is useful and effective as it provides an in-depth exploration of a 

phenomenon and provides a conducive platform for making sense of the various concepts (Gibbs, 

1997; Morgan & Kreuger 1993). Workshops are a highly efficient technique for qualitative data 

collection since the amount and range of data increase by collecting from several people at the 

same time (Robson, 2004). In addition, workshops are the most appropriate and effective in 

obtaining information, insight, experience, and knowledge of a large group of industry players in 

the shortest period of time. This research focuses on dynamic management issues around linking 

approaches to develop a combined conceptual framework, as discussed. Mixed method 

Figure 5.16 Selection of research time horizon based on research aim and objectives 
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techniques are primarily adopted to elicit and analyse stakeholder viewpoints and rich, in-depth 

data should be collected from group members. However, a main weakness from workshops is 

that the researcher has less control over the data produced and the sessions can be difficult to 

assemble (Morgan, 1988). There are two main group data collection types as follows: 

1) Focus group workshops: Defined as individuals or groups selected by a researcher to conduct 

further discussions with experts and receive feedback from personal experience on the topic 

area investigated (Powell, Single and Lloyd, 1996). A group of individuals are selected and 

assembled by researchers to discuss and comment on the subject of the research. Participants 

share a common background, which makes the focus group homogenous (Robson, 2011). 

Numbers may vary; for example, some studies use only one meeting with several focus groups 

(Burgess, 1996), others meet the same group several times (Gibbs, 1997). 

2) Group Interviews: Group interviewing involves interviewing a number of people at the same 

time. The emphasis is placed on questions and responses between the researcher and 

participants by interviewing a number of people at one time (Gibbs, 1997). In group 

interviews, a number of people are interviewed at the same time, which could occur in a form 

of workshop with different groups of people or a number of groups. In comparison, in focus 

group workshops, the selected individuals or groups will be involved throughout the explored 

research. Participants may or may not share a common background, which makes the group 

interview heterogeneous, offering diverse opinions from group members (Robson, 2011). 

Focus group workshops will be adopted, and members will all share a common background. The 

researcher’s interactions and discussions with group members will investigate a particular 

phenomenon to explore and arrive at results (Morgan, 1997). Respondents’ interactions gather 

data concerning attitudes, reactions, experiences, beliefs and feelings. These interactions could 

depend on the social setting or be independent of a group, but it would be revealed through 

social interactions in a focus group entity (Gibbs, 1997; Morgan & Kreuger, 1993). Six to ten 

people per group is the recommended number for a focus group (MacIntosh, 1993), but some 

could include as many as 15 (Goss & Leinbach 1996), and as few as four (Kitzinger, 1994, 1995). 

A single meeting with several focus groups may be conducted (Burgess, 1996) or a group could 

be met several times (Gibbs, 1997). Research topic areas would be explored through the 

involvement of participants, since they would deliver rich data and responses, and the workshop 

process would be controlled by the researcher. Potential limitations may include the wide variety 

of data offered, which may require further explanation and result in additional interruptions; this 

may prompt conflict and a lack of awareness amongst participants during the sessions. Thus, 
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generalisation will be required from the generated workshops, and there will be limited 

workshop flow control as a result of the amount of data and number of existing participants 

(Creswell, 2009). Some conflicts might rise within the group, which will be easy to manage but 

may consume time. The workshop arrangement process could take longer than usual, as all 

members have to agree to a certain date and time.  

The single embedded case study using focus group workshops with the NWCH forms the focus 

of the primary data collection techniques. The focus group workshops will qualitatively develop 

the research’s framework proposition, since sessions will be held within the NWCH platform. 

Personal views will be gathered as a qualitative methodological choice, which would result in 

multiple data collection and analysis techniques.  The validation of the proposed BIM maturity-

KPI assessment framework within the platform will be achieved through the proposed workshops 

at the point that saturation is reached. This could deliver the following outcomes, such as: 

successful coordination amongst the team, enhancement of the collaboration process, the 

collection of necessary information relevant for the research topic area. The participation of 

focus group members will be of key importance to this research, since people’s opinions will 

support the development of the framework, as based on the platform requirements. A number 

of workshops will be conducted with NWCH focus group members until the data is saturated and 

no additional data emerges.  This will deliver a number of amendments to the framework. It is 

expected that this will help to finalise the development of the three organisational assessment 

levels (as discussed in Chapter 4-Section 4.5.1), and present the completed organisational levels.  

Moreover, an update to the assessment framework in the last workshop will be arranged with 

the NWCH focus group members. The data collection conducted with the NWCH will be 

conducted as follows: 

1) Focus group workshops (Session summary sheet): After the data is collected, the minutes of 

meeting summary sheet will be prepared.  This will summarise the data captured and the 

progress of each workshop, and set out guidelines for what will occur in upcoming workshops 

until the data is saturated. Upon completion of the workshops, the summarised minutes will 

be sent out via email to all members of the NWCH focus group, in order to prompt any 

important recalled information within the workshops. Any collected documents from the 

NWCH focus group members will be recorded, and discussions for each workshop will be 

clarified in the minutes of meeting summary sheet (Gray, 2014; Robson, 2002). 

Following the discussion of focus group workshops as an adopted data collection technique, the 

next section will discuss the second data collection technique (interviews) in further detail. 
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 Interviews (Individual data collection) 
 

Interviews rely mostly on the selected individual or group expertise in capturing relevant data 

(Saunders et al., 2019). Since it is difficult to access external evidence, records, and company 

documents that are deemed confidential and outside the researchers’ control, it is important to 

select interviewees with relevant knowledge in the research field and able to offer access to 

relevant data (Yin, 2018). The complexity of the collected data would call for a detailed 

description from interviewees (either in person or over a medium such as online or phone) so 

interviews will be necessary. There are three main types of interview: 

1) Unstructured interviews: This approach relies on open-ended questions to which 

interviewees are allowed the flexibility to elaborate in an unrestrictive manner (Denscombe, 

2010). Predefined questions are not used as questions but may rather emerge from answers 

given by interviewees (Thomas, 2003). A main strength of the unstructured interview is that 

both the interviewer and interviewee have some degree of control over the process. However, 

a weakness is that the general concept and scope will need to be known in order to prevent 

total deviation (Saunders et al., 2019). 

2) Structured interviews: This approach uses questions that are set and relate to the research 

question or objectives (Denscombe, 2010). They allow a structured approach by asking 

determined questions to which specific types of answers will be given (Thomas, 2003). A main 

strength of the structured interview is its suitability when the research objectives are well 

defined from the beginning. However, a weakness is the general concept and scope, which 

need to be known in order to prevent total deviation.  

3) Semi-structured interviews: This incorporates features of both structured and unstructured 

interviews (Denscombe, 2010). Predefined questions are relied on but not to a great extent 

as interviewees are given more freedom for further discussion (Thomas, 2003). A main 

strength of the semi-structured interview is, according to Robson (2002), its programmed 

questions, but the changeable order depending on the interviewer’s perceptions of what 

seems most suitable. However, a weakness is the greater flexibility in structuring the 

questions, which this could be seen as a bias since this strategy may direct the interviewee 

towards the interviewer’s desired responses (Saunders et al., 2019). In circumstances when a 

researcher is familiar with an idea being researched, semi-structured interviews are a 

recommended data collection technique (Bryman, 2016).  

Based on the previous discussion, semi-structured interviews will be adopted by presenting a 

number of questions that collect information on the BIM maturity and KPI metrics used, and how 
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can they both be linked by presenting a BIM maturity assessment to participants who can identify 

their level of BIM maturity and link it with the KPI metrics (Chapter 4-Sections 4.5.1, 4.5.2, 4.5.3). 

An update to the framework will be proposed based on the interview findings.  

Interview schedule: The interviews will include a set of open and close-ended questions to 

generate data for the research. The interview will start with close-ended questions to identify 

the interviewee’s current understanding of the adoption and compliance of BIM to the presented 

KPI metrics, any potential linkage between the two, and whether any benefits exist. This will be 

supported with open-ended questions to gather an in-depth and rich data. In addition, the 

interviews will help the researcher to understand the awareness of BIM maturity and KPI metrics 

amongst organisations, including existing BIM maturity metrics and their assessment, a 

standardised list of KPI metrics, the linkage between BIM maturity and KPI metrics, and the 

benefits from linking both through the assessment. Figure 5.17 illustrates the proposed semi 

structured interview data collection process.  

 

The next section will discuss the third data collection technique (questionnaires) in further detail. 

 Online questionnaires (survey) 
 

According to Saunders et al. (2019), questionnaires are used to gather numerical data, typically 

through surveys, which may be easier to examine. Collecting objective data on people’s 

behaviour, attitudes and knowledge is possible through the adoption of questionnaires 

(Oppenheim, 1992). Participant anonymity is maintained, and the generated results are easier to 

analyse (Denscombe, 2010). A list of questions forms a questionnaire and answers from 

participants are required. However, the collected responses rely on a similar understanding 

amongst the participants (Robson, 2002). The questions may vary from open to close-ended and 

from paragraphs to multiple-choice options. Interview-administered, online and postal, self and 

delivery/collection are some typical type of questionnaires (Fellows and Liu, 2008). The accepted 

sample accuracy is be considered for the selection of the appropriate targeted sample. Table 5.3 

presents a comparison between workshops, interviews and questionnaires (Naoum, 2013). 

Figure 5.17 Semi structured interview proposed data collection process 
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Questionnaires can have a high response rate and may reduce the length of the data collection 

period. However, distance exists between participants and the researcher, there is less 

researcher control over the full process, and answers are accepted as received (Naoum, 2013). 

For this study, an online questionnaire will be adopted, which will include a set of questions 

related to the strength of relationships between BIM maturity and KPI metrics in a form of a 

three-five point Likert scale (ranging from strongly disagree to strongly agree).  

The questions will follow the same structure as those in the semi structured interviews in order 

to explore the level of understanding of BIM maturity levels, the usage of BIM maturity and KPI 

metrics, and the organisational level (Strategic, Implementation, Operational) for each 

participant.  This will be based on the focus group workshop findings, and applied to the BIM 

maturity assessment, which will be linked with the proposed standardised list of KPI metrics from 

the semi structured interview findings.  This will enable the researcher to extract the benefits of 

combining both, and would allow for the comparison and contrast between two different 

audiences (interviewees and questionnaire participants). It will also help to identify the 

similarities and differences between them, in order to reflect on (and update) the proposed BIM 

maturity-KPI assessment framework. Figure 5.18 summarises the adopted data collection 

techniques for this research.  

The questions that will be asked during the semi structured interviews and questionnaires will 

undergo a pilot review, where the list of questions being asked will be reviewed with experts in 

the field to ensure that the questions make sense and they are collecting the data that meets the 

aim and objectives of this research. Hence, the final list of questions that will be presented will 

make sense and will meet the objectives set for this research. 

Table 5.3 A comparison between workshops, interviews and the questionnaires (Naoum, 2013). 
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Having outlined the focus group workshops, semi-structured interviews, and online 

questionnaires as the adopted data collection techniques, the next section will discuss how each 

data collection technique will be analysed. 

 Data analysis  
 

The data analysis phase investigates the collected data and draws conclusions, which is a vital 

part of the research (Creswell et al., 2007). Initial study propositions consider the usage of 

qualitative and quantitative data separately, or in combination, and types, sequences, or patterns 

of collected data are noted (Yin, 2018). Within this study, the focus group workshops and semi-

structured interviews will deliver qualitative data, while the questionnaire survey will deliver 

quantitative data. Based on the nature of the data collection techniques, this section will address 

the adopted analysis processes for the qualitative and quantitative data. 

 Qualitative Data Analysis  
 

Qualitative data analysis focuses on words rather than numbers. Texts are generated either from 

transcribed recorded data or personal notes and observations, but may include pictures or other 

images that the researcher examines (Lacey and Luff, 2007). Addressing the initial research 

propositions requires examination, categorisation, tabulation, or recombining the data analysis 

(Yin, 2014). Various interpretations may be required which will be achieved through personal 

experience and the literature review on which the research is based. The development of the 

framework will rely on a generated set of data analysis (Haron, 2013). The collected data from 

Figure 5.18 Data collection techniques for this research 
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the focus groups will require analysis after which an updated BIM maturity-KPI assessment 

framework will be produced. The data will be generated and analysed as follows: First, the 

qualitative analysis techniques will be presented, followed by the quantitative analysis. Thus, the 

adopted qualitative data analysis for the focus group workshops and semi-structured interviews 

includes the following:  

1) Thematic analysis: Braun and Clarke (2006, p. 79) “Thematic analysis is a method for 

identifying, analysing and reporting patterns within data. It minimally organizes and 

describes your data set in (rich) detail”. Some of the processes required are:  

a) Coding Analysis: (Gray, 2014; Robson, 2011; Saunders et al., 2019): Themes or patterns 

are searched across a data set (i.e. interviews) that could relate to the research aims and 

objectives through:  

i. Open coding: Finding the categories and developing them into conceptual categories. 

Working through the process of making constant comparisons, a) Generating initial 

codes: Coding interesting features of the data in an orderly fashion across the entire 

data set, collating data relevant to each code.  

ii. Axial coding: Linking together the categories developed through the process of open 

coding. a) Searching for themes: Collating codes into potential themes, gathering all 

data relevant to each potential theme, and b) Defining and naming themes: Ongoing 

analysis to refine the specifics of each theme, and the overall story the analysis tells, 

generating clear definitions for each theme.  

The analysis searches for patterns and themes through the top and sub-metrics of BIM maturity 

and KPI metrics generated in the workshops, and through overarching, main, and sub themes 

that will be generated from interviewee discussions. The themes will be delivered in a mix of 

deductive (predefined themes) and inductive (generating themes), since some of the predefined 

themes extracted from the literature and previous studies are expected, and accordingly, based 

on the interview findings, some themes shall be expected to emerge and included with those 

from the literature. 

2) Content analysis: Content analysis is a methodology in the social sciences for studying the 

content of communication. In addition, it is an analytical technique that codes and 

categorises qualitative data to analyse them quantitatively. Content analysis involves 

quantifying oriented techniques by which standardised measurements are applied to 

metrically defined units.  These are used to characterise and compare documents that 

support the research topic area (Haron, 2013).  Content analysis of this study requires the 
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quantification of data concerning the relationship between BIM maturity and KPI metrics 

and the number of discussions related to each of the distributed themes. Thus, the semi-

structured interview data generation type expected includes the following:  

Software: Qualitative software Nvivo will be utilised for data coding and analysis for the semi-

structured interviews, since it will help to automatically generate nodes (main and sub themes) 

from the transcribed data. Moreover, it will help to extract the themes and reduce time that 

would otherwise be spent on manually extracting themes from the transcribed data.  

Having discussed the different data analysis processes for qualitative research, the next section 

shall discuss the adopted quantitative data analysis.  

 Quantitative Data Analysis  
 

Quantitative data analysis deals with statistical analysis techniques. Such techniques are used to 

demonstrate results that represent the measurement of variables and summarises a given data 

set from the representation of samples, whether from the targeted population, the targeted 

sample or those who participate in the survey (Amaratunga et al., 2002). The quantitative data 

will aim to present a relationship between BIM maturity and KPI metrics by presenting the BIM 

maturity assessment across the different organisational levels.  This aims to score the maturity 

level on three levels (awareness, occasional application, and consistency), and determine the 

strength of relationship between KPI metrics and the levels of BIM maturity through four 

relationship levels (ranging from no relationship to strong relationship) (Chapter 4, Section 4.5.2). 

The results will help to validate the proposed conceptual framework. Thus, the adopted 

quantitative data analysis for the online questionnaire includes the usage of descriptive and 

inferential statistics. These types of statistics are used to describe data, recognise emerging 

patterns and generalise the data collected from a known survey population (Laerd. 2013). Two 

main statistical analysis procedures are adopted to validate the links between BIM maturity and 

KPI metrics (Chapter 4, Section 4.5.2) (Field, 2017): 

1) Descriptive statistics: Summarises a given data set from the representation of samples, 

whether from a targeted population, a targeted sample or from survey participants. The 

statistics techniques used for descriptive statistics include: Mode (frequency of occurrence), 

Median (middle value when a data set is ordered from least to greatest), Mean (average), and 

Standard Deviation [SD] (how much the score deviates from the mean and the minimum and 

maximum scores). The descriptive statistics for this research will use a mode to determine the 

most frequent occurrence from the BIM maturity assessment levels (awareness, occasional 

application, and consistency) to determine current participant BIM maturity levels concerning 



156 | P a g e  
 

the adoption of BIM, and strength of relationships between the BIM maturity metrics and the 

KPIs (from no relationship to strong relationship) to see if there is an impact by the BIM 

maturity level on the KPI strength of relationship to each BIM maturity sub metric.  

2) Inferential statistics: Tend to use more sophisticated analysis techniques when it relies on 

measurements from a given sample within the delivered population. The inferential statistics 

for this research will measure the strength of relationship between variables, which will be 

used through correlation and regression analysis to measure the strength of 

relationship/association/dependency between BIM maturity and KPI metrics. The data given 

deals with two main tests (Field, 2017), as follows:  

a) Parametric tests: Make certain assumptions about a data set (i.e. mean/SD) drawn from a 

normal distribution from the entire population and dealing with numerical (quantitative) data. 

Parametric tests have greater statistical power and present more accurate data. Two different 

categorical nature data sets exist that deal with parametric tests: 

i. Interval: Classification with order and distance, but no natural origin. The distance given 

would be equal. Representation of equality and intervals or differences. [i.e. 

temperature in degrees, student exam scores, BMI, IQ).  

ii. Ratio: Classification of order, distance and natural origin. A combination of nominal, 

ordinal and interval and such a scale would have an absolute zero. Represented by 

equality of ratios. (i.e. age in years, weight in KG or pounds, height in feet and inches or 

centimetres and millimetres).  

The parametric test will not be adopted in this research since the data that will be drawn from 

the targeted sample (UK client sector) and their levels of understanding of BIM maturity levels 

do not require the tests to be normally distributed.  This is because the nature of the research 

suggests the demonstration of a potential relationship between BIM maturity and KPI metrics 

that does not require statistical power from numerical data that does not use the categorical 

nature data sets of interval and ratio. 

b. Non-parametric tests: Does not make assumptions about the entire population on a data set 

drawn from a non-distribution (distribution free) sample and tends to deal with categorical 

and continuous (qualitative) data. Two different categorical nature data sets exist that deal 

with non-parametric tests: 

i. Nominal: Classification with no order, distance or natural origin. Representation of 

equality [i.e. 1- Gender; Male or 2- Female; 1- Marital Status; Single, 2) Divorced, or 3) 

Married].  
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ii. Ordinal: Referred to as an order or categorical measurement and although it has no 

distance or natural origin, the numerical data is meaningful. Representation of less to 

greater values. [i.e. level of happiness- one-five very unhappy to very happy, level of 

agreement- one-five strongly disagree to strongly agree].  

The non-parametric test will be adopted in this research since the data that will be drawn from 

the targeted sample (UK client sector) and their levels of understanding of BIM maturity levels 

do not require the tests to be normally distributed.  This is because the nature of the research 

suggests a potential relationship between BIM maturity and KPI metrics that will be achieved by 

collecting data based on the categorical nature data sets of ordinal. The ordinal data in this 

research is represented through two main sets: 1) BIM maturity levels through three levels 

(awareness, occasional application, and consistency), and KPI relationship strength through four 

levels (no relationship to strong), which requires the collection of data based on qualitative 

interpretations (nominal and ordinal). 

As Field (2017) suggests, quantitative analysis is aimed at validating the conceptual framework 

that will be created from the results of the qualitative analysis involving the focus group 

workshops, semi-structured interview data and literature. The assessment framework will be 

refined from the data collected from the online questionnaire concerning how BIM maturity and 

KPIs can be linked through the demonstration of BIM maturity levels, the strength of the 

relationship between the BIM maturity and KPI metrics, and the benefits from combining both. 

Hence, inferential statistics are proposed for interpreting results from the online questionnaire. 

Inferential analysis will be used to measure the strengths of relationship / dependence between 

both variables (BIM maturity and KPI metrics). A number of data analysis techniques are 

associated with inferential statistics that measure the strengths of relationship / dependence 

between the two variables. The most popular analysis techniques are: 

1) Chi-Square: Used for testing relationships between categorical variables. The test answers 

two hypotheses, which are given a Null Hypothesis (H˳) = No relationship between the 

variables (BIM Sub Metrics and KPIs) and a Hypothesis (H₁) = There is a relationship between 

the variables. This test is based on values ranging from -1.000_+1.000, and, on the one 

hand, should the result return a value of 0.000, this would indicate there is no relationship 

between BIM and KPIs and hence (H˳) would be retained. On the other hand, should the 

result return a value of ± 0.001_1.000, this would indicate that there is a relationship 

between BIM maturity and KPI metrics and hence H˳ would be rejected. This test will be 

conducted with the BIM maturity and KPI metrics as a check to signify the relationship. 



158 | P a g e  
 

2) One-way ANalysis Of VAriance (ANOVA): It determines whether there are any significant 

differences between the means of three or more independent groups within a data set 

(Field, 2017). This would not be considered since it is not expected to calculate the 

significance between the average of BIM maturity and KPI metrics.  Instead, an alternative 

test dealing with non-parametric data will be examined. The alternative ANOVA non-

parametric tests that exist are detailed as follows (Field, 2017):  

a. Mann Whitney U test: The Mann-Whitney U test is “a statistical test to determine the 

likelihood that the values of ordinal data variables for two independent samples or 

groups are different” (Saunders et al., 2012, p. 674). The test allows two groups or 

conditions or treatments to be compared without making the assumption that the 

values are normally distributed. The test will not be undertaken in this research, as the 

nature of the research does not require a different determination of likelihood for 

ordinal data values for BIM maturity levels and the KPI strength of relationship.  Instead, 

it requires the researcher to calculate the strength of relationship between both and the 

dependence levels between both, which do not occur in this test. 

b. Kruskal-Wallis: Relies on the rank ordering of data rather than on calculations involving 

means and variances.  It allows a researcher to evaluate the differences between three 

or more independent samples (Field, 2017). These tests will be used to determine if 

there is a significance of measures between the BIM maturity levels (awareness, 

occasional application, and consistency) and the KPI relationship levels (no relationship 

to strong relationship) based on an alternative Hypothesis (H₁) = there is independence 

between the variables and their groups.  Thus, if the result was found to be significant, 

then it would reject the (H₁), namely that there is independence between the two 

groups.  This would mean that there is no independence (dependence) between BIM 

Maturity and KPI metrics.  If the result was returned with no significance, then it would 

accept (H₁) that there is independence between the two groups, which would mean that 

there is independence between BIM Maturity and KPI metrics. 

3) Relative Importance Index (RII): Used for generating ranking among variables with 

cognisance of the relative contribution of frequencies on each scale point of measurement. 

This test will not be considered since the objectives of this research are not to rate and rank 

the importance of the variables, ranking the highest occurrence and the importance of 

either the BIM maturity or KPI sub metrics.  Instead, the nature of this research requires an 

examination of the strength of relationship between both, and RII would not achieve this. 
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4) Correlations: Assesses the strength of relationship between pairs of variables by 

quantifying the strength of linear relationships between two numerical variables. Similar 

to all statistical correlation measures, coefficient values (r) lie between +1 and -1 with 

values closer to +1 denoting a positive correlation, 0 denoting no correlation, while -1 

denotes a negative correlation. There are three types of correlation analysis: 

a. Pearson’s correlation coefficient: A parametric test that is used to establish linear 

relationships between variables. This is a measure of the linear correlation between two 

variables X and Y (Field, 2017) that makes assumptions about the frequency distribution 

of the variables. This test deals with large sample sizes that exceed more than 60 

responses (Saunders et al., 2019). This test will not be used since it is necessary to 

establish the relationship between two categorical variables in an ordinal scale and not 

an interval scale. It will not make assumptions about the frequency of distribution 

between BIM maturity and KPI metrics, and it is not necessary to see if the rank order 

of variables is related. Hence, this test shall not be adopted.  

b. Spearman’s coefficient: A non-parametric test for statistical dependence between two 

variables (Jamieson, 2004). The test evaluates the monotonic relationship between two 

continuous or ordinal variables. The test is based on the ranked values for each variable 

rather than the raw data (Field, 2017). There are difficulties associated with using 

Spearman’s test with data from either very small samples (less than seven) or large 

samples (60 and over) (Saunders et al., 2019). This method shall be used because it 

requires the strength of relationship between the BIM maturity and KPIs metrics in an 

ordinal scale that will be distributed through the Spearman correlation coefficient, 

which shows relationships [(no relationship (0), not significant (weak), moderate 

(medium), and significant (strong)]. The sample size for this research meets the size of 7 

– 60 responses and hence this shall be the adopted test. 

c. Kendall Rank: A non-parametric test that measures the strength of dependence 

between two variables. Kendall rank has the ability to measure the strength of 

association between two ranked variables (Field, 2017). Although the Kendall Rank could 

have been used as a test of dependence between BIM maturity levels (awareness to 

consistency) and KPI strength of relationship levels (no relationship to significant 

relationship), this research aims to measure the strength of relationship between BIM 

maturity and KPI metrics, and to establish if they are associated and depend on each 

other.  Hence, this shall not be an adopted test. 
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5) Regression analysis: Assesses the strength of cause-and-effect relationship between 

dependent and independent variables by calculating the co-efficient of determination and 

regression to distribute significance. There are two types of regression analysis: 

a. Single or Multiple Linear regression analysis: Predicts performance across a single or 

several (multiple) independent variables and a single dependent variable. The 

regression equation that would be used to demonstrate the results is ŷ=a+bX (Field, 

2017). A single linear regression analysis shall be used to deliver the cause and effect 

between BIM maturity and KPI metrics through a scatter plot diagram that will use the 

regression equation to indicate the regression between BIM maturity and KPI metrics. 

Should the result return a positive linear relationship, it is going in the same direction so 

that if a score in one variable (BIM maturity) increases/decreases the other variable (KPI) 

will also increase/decrease.  However, should the result return a negative linear 

relationship, this indicates it is going in the opposite direction so that if the score in one 

variable increases/decreases, then the score in the other variable will 

decrease/increase. Therefore, this shall be the adopted test. 

b. Ordinal regression: Describes data and explains the relationship between one 

dependent variable and two or more independent variables.  The dependent variable is 

ordinal (statistically it is polytomous ordinal) and the independent variables are ordinal 

or a continuous level (ratio or interval). A few tests are conducted in the regression 

analysis. This is based on an odds ratio but attempted through proportional odds since 

it is based on more than two variables. If the estimate is bigger than 0, it implies that 

you are more likely to get a higher response in a variable over the reference. If the 

estimate is smaller than 0, this implies you are more likely to get a lower response in a 

variable over the reference (Adejumo and Adetunji, 2013). Although this research uses 

two ordinal sets of data (BIM Maturity levels and KPI Relationship levels), this test shall 

not be used in the analysis since the objective set in this research aims to examine the 

relationship between BIM maturity and KPI metrics and see if there is an association 

between them.  It does not require the delivery of better predictions, the measurement 

of the strength of association between variables, or the calculation of estimates that a 

higher or lower response would be given for the BIM Maturity and KPI Relationship 

levels. Therefore, this test shall not be adopted. 

The quantitative analysis will deliver the results of variables and how they could be linked. This 

will be attempted through the descriptive and inferential statistics that will consider the potential 
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relationships between BIM maturity and KPI metrics, the strength of their relationship, whether 

there is an association and dependence between them, and how BIM maturity and KPI are linked. 

This requires the use of a method that will generate such results. Thus, the online questionnaire 

will generate data for quantitative analysis:  

Software: The researcher will use the Quantitative Software Statistical Package for the Social 

Sciences (SPSS) program to code and analyse the survey data. SPSS avoids time spent on manual 

numerical data analysis, and delivers the necessary data to support the findings. Thus, helps to 

meet the aim and objectives of this research since it helps to demonstrate how BIM maturity and 

KPI metrics are linked by establishing a potential relationship, including the strength of this 

relationship, whether BIM maturity and KPI metrics are going in the same or different directions, 

and if they depend on one another. This potential linkage between BIM maturity and KPI metrics 

will then be updated through the proposed assessment framework. Having presented the types 

of analysis used for the collected data, the next section will discuss the available and selected 

samples for this research. 

 Data Sampling  
 

Sampling is the technique by which units from a population are chosen to contribute to the data 

gathering phase of the research (Saunders et al., 2019). According to Gray (2014) and Saunders 

et al. (2019), there are three sampling research techniques available, which are:  

1) Probability (representative) sampling: Selected cases from a population that are known. 

It is more associated with surveys and questionnaire research. Response rates denote the 

replies received from the sample size targeted. According to Flick (2011), a suitable sample 

size for a questionnaire survey shall not be less than 30, since “this tends to produce results 

where individual respondents may skew the results”. The formula used to determine the 

probability sampling size is:  

Na =  
n x 100

  Re% 
    

where n= minimum sample size, na= sample size required, re%= estimated response rate 

in percentage. 

The process to detect a suitable sampling size for research depends on the research 

aims/objectives/questions, the selection of appropriate sampling techniques, and 

representativeness of the sample in relation to the population. As this research uses an 

online questionnaire survey, probability sampling will be adopted. This will be achieved by 

selecting a sample since the population here will be UK construction industry public sector 

clients and the sample size will be the sample targeted amongst this group. Thus, a 
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systematic sampling formula will be used to identify the relevant response rates, and to 

appropriately distribute questionnaires to the UK client sector sample. Krejcie & Morgan 

(1970), and Sekaran & Bougie (2013) have developed statistical tables outlining the 

expected numbers for samples (Appendix D). They used a probabillity sampling formula to 

calculate the sample size, where N is the sample population, and S is the sample size (also 

known as the confidence level) and represents 1% to 5% of the total population. Therefore, 

the sample size could be formed into groups (i.e. architecture, structure, real-estate, etc.), 

which could form a list (Cluster Sampling) on relevant groups from which to collect data.  

2) Non-probability sampling: Selected cases from a population that are not known. In this 

technique, no statistical data is generated, which makes it suitable for case study research 

(Saunders et al., 2016). A sample size is given for each study. For interviews the suggested 

sample size would be 5-25 interviews; for grounded theory, it would be 20-25, and for a 

homo/heterogeneous population this would be 4-12 and 12-30. As this research adopts a 

case study research strategy, then non-probability sampling will be selected. There are five 

techniques of non-probability sampling: 

a. Quota: Non-random used for structured interviews in a survey strategy. The selection 

of cases within the strata is non-random. 

b. Convenience: Gaining access to accessible subjects, such as known contacts, to 

complete a survey. Interviews could be conducted with this sample.  

c. Purposive: Judgement used to select cases to meet the research objectives. Theoretical 

sampling is used for grounded theory strategies based on the categories and coding. 

d. Volunteering: 2 sampling techniques: 1) Snowball: When it is difficult to identify 

members of population; therefore, there is a need to contact selective cases. 2) Self-

selection: This allows each case to identify their interest. 

e. Haphazard: Cases are selected without the principles of organisation. This is easily 

obtainable, such as pre-planned interviews, but may involve bias. 

The non-probability sample techniques that will work in this research are convenience and 

volunteering. There are well known contacts that exist in this research and therefore the 

researcher shall gain access to a sample of UK local authority clients from whom to collect data, 

within focus group workshops, semi-structured interviews, and questionnaires. The data 

collected from the semi-structured interviews will use convenience sampling, in which the 

researcher expects to gain access to interviewees from workshops focus group contacts. 

Furthermore, the proposed interviews will use a non-probability sampling range of five to 25.  
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Moreover, snowballing will used by inviting members based on personal contacts; since it is 

difficult for the researcher to identify members of population there is a need to contact selected 

cases identified by focus group members. A self-selection process amongst UK construction 

practices and clients will be adopted, which will help to reduce bias.  

Having mentioned that UK clients are the main targeted population sample, it is important to 

identify the selection criteria for the samples, and how they shall be approached. This will be 

discussed in the next section. 

 Selection criteria 
 

The process of selecting participants for involvement in a study is important since it is vital to 

deliver information that would help achieve the proposed aim and objectives (Gray, 2014; 

Robson, 2002). Thus, it is vital to understand and explain how the researcher shall approach the 

targeted sample. It is mentioned that UK clients represent the targeted sample from the UK 

construction industry. The focus group workshops will be conducted with NWCH, the researcher 

shall rely on NWCH personal contacts with existing clients in the UK local authorities. The 

selection of participants and organisations will be based on multi-level experiences (i.e. 

participant awareness with BIM and organisations working with Level 2 BIM) to support their 

transformation towards Level 2 BIM (superseded by BS EN ISO19650 standards). The criteria for 

selecting participants and organisations for the focus group workshops, interviews, and 

questionnaires will rely on the following:  

1) Level of experience and knowledge of BIM in general and Level 2 BIM/ BS EN ISO19650 

specifically: It is necessary for participants to have some relevant knowledge of BIM so they 

can share their experiences and identify BIM maturity metrics. Since this research aims to 

deliver a proposed BIM maturity-KPI assessment framework to UK clients that follows the 

governmental mandates for Level 2 BIM (NBS. 2016) (later superseded by BS EN ISO19650 

standards), it is important to select participants with a good understanding of Level 2 BIM/ 

BS EN ISO19650. According to the NBS reports (2019, 2020) levels of experience and 

knowledge of Level 2 BIM were shown as 70% participants involved in the study and 73% 

adopted BIM within their organisations, which suggests widespread knowledge of his field.   

2) BIM projects: Since there has been a mandate to use Level 2 BIM (superseded by BS EN 

ISO19650 standards) it will be appropriate to approach participants involved with 

delivering projects that follow the level 2 BIM/BS EN ISO19650 standards.  This will be 

helpful in reflecting and enhancing the proposed BIM maturity assessment and its 

applicability to these projects. 
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3) General BIM being applied: The organisations should be involved with BIM projects since 

this research proposes a BIM maturity assessment; thus, it is important to approach 

organisations that work within a BIM environment to collect relevant information that will 

help to support the development of the assessment. 

4) Projects that work under a Level 2 BIM environment: Having approached organisations 

working within a BIM environment, it will be vital to approach those involved with Level 2 

BIM/BS EN ISO19650 standards projects to gain knowledge of how Level 2 BIM/BS EN 

ISO19650 standards are being used across the projects.  This will help to transfer knowledge 

into the assessment framework as a whole and the BIM maturity assessment specifically. 

5) Multi-functional organisations (consultant, contractor): It is believed that accessing 

different organisational disciplines (i.e. consultancy, contracting, etc.) would help develop 

an understanding of the range of experiences amongst these organisations regarding how 

BIM is used across organisations in relation to each discipline (i.e. the usage of BIM from a 

consultant or contractor point of view). Since the BIM maturity assessment will have three 

organisational levels (strategic, implementation, and operational), it will be completed by 

different disciplines (i.e. senior managers, BIM coordinators, project managers).  Thus, it 

will be vital to approach various organisations with individuals that would hold similar 

backgrounds to gather relevant data and evaluate these in relation to organisations. 

The proposed criteria cover the relevant requirements when selecting the most suitable 

organisations and participants for collecting the necessary data from. Accessibility to 

interviewees will rely on identified contacts from the NWCH platform, which will help to identify 

suitable people for this research. Accessibility to some of the organisations shall also rely on the 

organisations identified from the NWCH platform, which will identify suitable organisations for 

this research. Thus, the selection of the main organisational disciplines that will be involved in 

the proposed framework will be as follows: Senior managers for the strategic level, BIM 

coordinators for the implementation level, and project managers for the operational level.  

Having discussed the selection criteria for organisations and participants, it is necessary to 

consider how the findings of this research will be produced and achieve the aim of this research, 

which will be discussed in more details in the next section.  
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 Validity and Rigour 
 

Validation is important in academic research, since it aims to see if the achieved findings are 

accurate and reflect the nature of the research (Guion, Diehl, & McDonald, 2011; Haidar, 2019). 

There are two different aspects of validation, which are internal and external validity (Yin, 2018). 

Internal validity checks the cause-and-effect relationships established by comparing the data 

collection findings alongside a critical review of the literature to interpret the `effect' or 

`response' between both. The process of external validation involves the generalisation of 

research findings through validating research findings with external participants. Its key purpose 

is to achieve the generalisation and creditability of the results produced. According to Hair et al. 

(2010), “where findings are derived from statistical models, validation provides an assurance that 

the models accurately measure the phenomenon they purport to measure”. There are three types 

of validation for research (Gray, 2014, Robson, 2002; Saunders et al., 2019): 

1) Reliability: The use of multiple sources of evidence through surveys, where the generated 

theory will be examined across the selected sample to increase validity levels within the 

construction industry (Carmines and Zeller, 1979). Moreover, publishing research findings 

in conference proceedings/journals tests the reliability. Reliability shows that the 

researcher’s approach is consistent across different cases and projects and minimises any 

error and bias in the study (Amaratunga et al., 2002). Reliability will be achieved in this 

research through the use of mixed methods, by collecting data from focus group workshops, 

semi structured interviews, and online questionnaires from different samples (as explained 

in Section 5.9).  This will allow the data collection results to complement the literature 

review findings and further support the development of the proposed assessment 

framework. In addition, the literature review and focus group workshop findings were 

published as conference papers (Aboumoemen and Underwood, 2017, 2019). 

Aboumoemen & Underwood (2017) presented a critical review of the key literature from 

which a proposed BIM maturity-KPI assessment framework was proposed (Section 4.5).  

Furthermore, Aboumoemen & Underwood (2019) presented a critical review of the key 

literature from which a BIM maturity-KPI relationship assessment was proposed. This 

presented the process of how individuals would fill out the BIM maturity assessment to 

determine their current levels of understanding and the applicability of BIM maturity 

(awareness, occasional application, and consistency) based on the focus group workshop 

findings (Section 6.9).  It considered how BIM maturity and KPI metrics could be linked in a 
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relationship assessment (Appendix G). The complete list of referenced publications that 

support the reliability of this research is available (Appendix I). 

2) Saturation: This is a process described by various authors to ensure qualitative and 

quantitative rigour (Saunders et al., 2019). This process ensures no further data are 

required and thus, the data obtained is sufficient to meet the aim of the research. In terms 

of the focus group workshops, saturation was achieved by developing the BIM maturity 

assessment across the three organisational levels (strategic, implementation, and 

operational) and the KPI metrics initially agreed (Sections 6.10-6.13). The completion of the 

workshops ensured no further information was required in order to populate the BIM 

maturity assessments.  Hence, saturation was achieved with the finalisation of the BIM 

maturity assessment at this stage. For the interviews, this was met between the lower and 

upper region of interviewees (5-25), which examined the assessment of different 

disciplines and demonstrated how KPI metrics could be linked with the BIM maturity 

metrics to deliver a finalised set of KPI metrics (Section 7.4.4). The data collected from the 

interviewees ensured no further information was required to determine the potential 

linkages of BIM maturity and KPI metrics; thus, the data was saturated. For the 

questionnaires, this was achieved having reached the relevant response rates for the UK 

sample (Section 8.3.1) and having examined the statistical significance and relationship 

between BIM maturity assessments across the three organisational levels and the KPI 

metrics (Section 8.4.2). The data collected from the online questionnaire ensured there is 

no further information required to examine the relationships/associations/dependence, to 

determine the strength of relationship between the BIM maturity and KPI metrics and how 

they are associated (i.e. moving towards the same or opposite direction). Since no further 

information was required and having established the relationship, the data were saturated. 

3) Triangulation: Triangulation is the process of improving data consistency by collecting data 

from multiple sources (Saunders et al., 2019). The consistency of the research direction 

across various situations and cases minimised errors and biases, and achieved reliability, 

(Carmines and Zeller, 1979). It ensures that, should similar procedures be followed by a 

later investigator, then similar findings and conclusions would be drawn (Amaratunga et al., 

2002). Validity is enhanced by triangulation, which involves different sources of 

information, such as different participants or other researchers. The data was collected 

through: 
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a. Literature review: The data was collected through different sources of literature, which 

includes the literature review on Level 2 BIM/BS EN ISO19650 standards, existing BIM 

maturity assessment/KPI assessments/combined BIM maturity and KPI assessments, 

and the levels of understanding of BIM amongst UK clients.  

b. Fieldwork: Data from the literature review was applied to the data collection stage 

through the case study strategy, NWCH, and the focus group workshops, semi-

structured interviews, and questionnaires with UK clients, as discussed in Sections 5.5 

and 5.8.  This examines the objectives of this research and identifies how BIM maturity 

and KPIs could be linked and compared with the literature. 

c. External Validity: From the literature review and fieldwork findings, the data was then 

carried over to the final phase by updating the proposed BIM maturity-KPI assessment 

framework and presenting it to the UK client sector.  Hence, it meets the aim of this 

research. The final version of the framework will then aim to establish and identify how 

BIM maturity and KPIs could be linked together and with the literature and fieldwork 

findings. 

Having presented the validity and rigour process for the research, the next section will deliver 

the summary of this chapter. 
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 Summary 
 

The adopted research methods for this research were identified and justified in relation to the 

Research Onion model. The research methods were designed to achieve the aim of this research. 

A detailed explanation of the selected data collection phases and data analysis techniques was 

outlined to explain how the data collection would be achieved. The validity and rigour of the 

research process was explained in relation to the presented research methods. The 

methodological process is justified through the selection of the most appropriate research 

methods that meet the aim and objectives of this research and align with the critical review of 

the literature. Following the selection of the most appropriate research methods for this research, 

the data collection will be conducted with the aforementioned sample. The next chapter will 

discuss the analysis of the first phase of the research (focus group workshops). 
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Chapter 6: Qualitative (Focus group 

workshops) data findings  
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6.1 Introduction 
 

This chapter presents the findings of the focus group workshops, which enabled the development 

of the organisational BIM assessment and established an agreed list of KPI metrics, as initially 

identified from the literature. A brief explanation of the processes involved in the focus group 

workshops will be presented. The selected case study for this research will be outlined and 

analysed. Next, the conduct of a pilot study prior to the workshops will be explained which 

offered an opportunity to review the proposed framework (Figure 4.3).  After this, the data 

collected from the workshops will be presented, and the final findings analysed; these were taken 

forward to the next phase of the study. The next section will present an overview of the single 

case study selected for this research.  

6.2 Overview of the Single Case Study Selection  
 

The selected case study is the North West Construction Hub (NWCH), which is a main contractor-

procurement platform for a UK public sector local authority client. Their specialisation is to serve 

public sector clients across the North West, providing them with higher quality facilities that will 

include added value, which will be measured through their KPIs (as discussed previously). Their 

platform aims to deliver projects to their public-sector clients. Figure 6.1 demonstrates the 

NWCH mechanism, its relationship with partnering and with the local authority. 

 

As shown in Figure 6.1, the NWCH is a key player in the conduct of possible links between local 

authorities and contracting, partnering companies. The local authority (1 in Figure 6.1) delivers 

their requirements to NWCH (2 in Figure 6.1), who pass on these requirements to the companies 

they have contacts with (3 in Figure 6.1). The work planned within the contracting companies will 

then be transferred to NWCH, who will deliver this to the local authority and receive their 

feedback. This is illustrated by a top down and bottom up approach that shows how information 

is passed from one to another. The focus group workshops were conducted within the NWCH 

Figure 6.1 The Organisational hierarchy for the NWCH and its role within this research 
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platform and based on the framework requirements. The integration of BIM maturity with KPI 

metrics is proposed to the local authority, and a BIM maturity-KPI assessment framework will be 

developed with NWCH focus group members, which will subsequently be passed to contracting 

companies. Currently, the local authority has appointed NWCH to deliver the proposed 

assessment. Thus, the data collection process for this research will involve the local authority, 

the NWCH platform and their established contacts with contracting companies. This will increase 

validity and reliability, as explained in Chapter 5, and allow for the framework to be generalised 

to other clients. The workshop process will be discussed in more detail in the next section. 

6.3 Focus Group Workshops Data Collection Process 
 

A series of focus group workshops will collect information on a list of BIM maturity metrics that 

need to be populated within each organisational level, and agree a standardised list of proposed 

KPI metrics (Section 3.7), which would help to finalise the stage 1 of the framework (Section 

4.5.1). Upon completion of this stage, the outcomes will feed into the next data collection phases 

in order to examine and establish the potential links between the two. The focus group workshop 

process is illustrated in Figure 6.2. 

 

 

The process began by presenting an overview of NWCH that identified the importance of their 

involvement in this research, and the criteria for the selection of focus group members. Prior to 

the conduct of the workshops, a meeting was held with NWCH to explain the research 

requirements, and identify participants best suited for participation. For this, a call for 

participation was distributed by NWCH, and invitations were distributed to established members.  

This was based on personal contacts, convenience sampling, snowballing, and members who 

were believed could usefully contribute to this research. The outcome resulted in the agreement 

by four members to take part in the focus group discussions. Having recruited the participants, a 

set of workshops was conducted to discuss the research objectives.  The next section will present 

a summary of the four members who participated in this research. 

Figure 6.2 Focus group workshops process 
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6.3.1 NWCH Focus Group Members  
 

The research was conducted with the NWCH Digital Construction Working Group that consisted 

of four members who shared a common background.  As such, they are known as a homogenous 

group, and were identified in this study as P1, P2, P3, and P4. Their roles were as follows: 

Assistant Framework Manager, BIM Implementation Manager, BIM Co-ordinator, and BIM 

Manager. A number of workshops was conducted with focus group members, to define the 

requirements of a BIM maturity-KPI assessment framework; accordingly, the framework was 

developed. Outcomes relating to BIM maturity were outlined according to the group discussions 

and findings from the literature on BIM maturity.  In comparison, outcomes relating to KPIs were 

provided by the NWCH platform alongside the literature on KPIs. Emails were distributed to the 

group to arrange possible dates for workshops; however, these clashed with some group 

members, so the group had to decide on dates that would suit everyone. Having recruited the 

focus group members, the researcher checked their background against the criteria on which 

they were selected (as explained in Section 5.8 in the previous chapter). Table 6.1 presents the 

complete description of the participants, their background and the criteria used in their selection. 

 
 

Table 6.1 Background of the selected participants for the focus group workshops 
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All participants share a common background in that they are built environment professionals 

with expertise in the fields of architecture and surveying. Their level of experience within 

BIM/digital construction varied from less than one year to more than five years, and their general 

knowledge on BIM maturity varied from low to high. Of the four participants, only three had 

experience of BIM projects (between nine to eleven projects), which mainly related to 

educational, residential, or other mixed uses.  This indicates that BIM is mostly applied within the 

education and residential sector and could reflect on this assessment. Finally, each participant 

brought their own particular view based on their experience of BIM, which mainly related to 

meeting clients’ requirements, helping with the delivery of projects, and enabling better 

coordination with design teams.  These were recognised as benefits driven by the usage of BIM 

across various projects. Having presented the focus group members, the next section will discuss 

the outcomes of the workshops. 

6.4 Focus Group Workshops: Discussion and Findings 

 

Having recruited the focus group members for this research and presented an overview of NWCH, 

a number of workshops were conducted with NWCH focus group members to discuss the 

research’s aim, objectives and requirements.  The aim was to further develop the first stage of 

the proposed conceptual BIM maturity-KPI assessment framework by populating the three 

organisational levels (Section 4.5.1) and agreeing a list of KPI metrics from the literature (Section 

3.7). Eight workshops were conducted, which led to a saturation of the findings; Table 6.2 

presents a summary of the discussions and findings. 

Table 6.2 Focus group workshops discussions 
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The workshops were structured to meet stage 1 of the framework development. According to 

the structure of the workshops (Table 6.2), the data collected were split into four sections:  

1) A pilot study was conducted to review and validate the proposed BIM maturity and KPI 

assessment framework (Section 4.5) and to review the KPIs (Section 4.5.1). 

2) Workshop One: Addressed the layout of the organisational levels. The first workshop explored 

a level 2 BIM maturity/KPI assessment framework, which consisted of three organisational 

levels (Strategic, Implementation, and Operational) and the relationship between BIM 

maturity and KPIs. A decision on the maturity level scoring was decided the mechanism was 

explained on how the organisational level spreadsheets would work. 

3) Workshops Two-Seven: Considered the outcomes of each organisational level. A series of 

discussions were held to populate the Top and Sub metrics along with their descriptors 

according to the latest available BIM information. Thus, the maturity level descriptors were 

populated according to the metrics and descriptors. The process of populating each 

organisational level was conducted across the six workshops, where two workshops each 

focused on finalising each organisational level.  

4) Workshop Eight: Reviewed the workshop findings and their relevance to the new BS EN 

ISO19650 standards. This session presented the three completed levels; it aimed to finalise 

and amend any final changes if necessary and confirm the list of KPI metrics from the literature. 

Discussions on the framework depended on the information related to BIM maturity and KPIs as 

presented in the literature review, which supported the development of the framework. The BIM 

maturity and KPIs findings were presented during the workshops, which helped to generate a 

standardised list of BIM maturity and KPI metrics, thereby concluding stage 1 of the framework’s 

development. In addition, the benefits that were expected from linking BIM maturity and KPI 

metrics were explored. A number of questions relating to each organisational level were posed 

in each workshop, which based on the framework development and the organisational level 

discussed, differed from one workshop to another. 

The workshops were conducted at NWCH, as its location was ideal for focus group members. 

Each workshop was digitally recorded, and supplemented with note taking to capture relevant 

information; this helped to avoid the substantial consumption of time consuming involved in 

transcribing, which could include irrelevant information. Each workshop lasted between one to 

two hours, and information or documents collected from the workshops were summarised. Each 

workshop only finished once saturation was reached. An informed consent form and 

organisational agreement letter were presented to NWCH, and were signed at the first workshop; 
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this ensured that ethical consideration for the research were met (both are included in Appendix 

E). Having presented the workshop structure and discussions across the workshops, the next 

section presents the findings of the pilot study session, which reviewed the framework and 

collected feedback. This was held prior to the focus group workshops, which subsequently 

validated stage 1 of the framework (Table 6.2).  

6.5 Pilot study to Review the Proposed Framework (Experts’ Opinions) 
 

This section presents the outcomes of the pilot study session; it presents the proposed 

conceptual framework and the feedback offered prior to the workshops, which later populated 

the three organisational levels, reviewed the list of KPIs, and finalised stage 1 of the framework 

(Table 6.2). This was conducted with a client organisation when an overview of the organisation 

was given. The process then proceeded with initial feedback on the current conceptual 

framework. A quick review of the literature review findings was given, which explained the 

proposed framework to determine whether it was appropriate or would need adjustments. 

6.5.1 Pilot study process 
 

According to Richard et al. (2009), research theories and concerns focus specifically on pilot 

studies, which help to develop research with experts prior to the full conduct of the study. 

Illustrative quantitative study pilots are undertaken for qualitative research as, “many features 

of … design could not be determined without prior exploratory research” (Richard et al., 2009). In 

order to obtain clarification on research design features, it is essential to carry out pilot studies 

(Yin, 2014). Data was collected from a client organisation as part of the pilot study, identified as 

organisation C. The next section will present an overview of the organisation.  

6.5.2 Organisation C: Background and Feedback 
 

Organisation C is a National Government body for a city council contracting platform. It was 

selected as part of the validation process for the proposed framework (Figure 4.3). The 

organisation is a partner with the main contractor-procurement platform, and involved in 

previous work related to this research (Aboumoemen, 2016). This involved the conduct of a 

number of focus group workshops with members to collect information on the expected links 

between BIM maturity and KPI metrics.  

A client session was arranged for which the organisation invited clients to a workshop session 

when the research was explained in detail (Appendix E). The main feedback received on the 

proposed framework was positive, but clarification was required; for example, one of the clients 

indicated that: “it would be better to focus this work on the relationships between outcomes 

created via the usage of BIM and KPIs within the construction industry”. Therefore, a number of 
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data collection procedures is required with the UK sector to explore and establish the links 

between BIM maturity and KPI metrics. Having presented the pilot study session’s outcome for 

the framework, the next section will present the workshop process. 

6.6 Workshop Process 
 

As the focus group moderator, P1 was responsible for organising and presenting the discussions 

for each workshop, along with the developed framework.  The workshop process presented each 

organisational level individually in order to eventually populate and finalise the organisational 

levels, and agree to a standardised list of KPI metrics. For the workshop process, a brief overview 

of NWCH’s specialism was outlined across the group members; a descriptive document that 

summarises the information to be collected was presented.  Furthermore, it was identified that 

BIM maturity acts as an input for the framework whereas KPIs act as an output, whilst the 

benefits of BIM across the UK were also recognised.  

An explanation was given on previous frameworks and their links with BIM maturity and KPI 

metrics (Section 4.4); moreover, the framework stages (Sections 4.5.1-4.5.3) for this research 

were clarified. A list of documents was presented by group members to further supplement the 

framework, and this supports the development of the proposed framework and based on 

previous, identified BIM and KPI frameworks (Aboumoemen, 2016; Badrinath et al., 2019; Mom 

& Hsieh, 2012; Shin et al., 2015; Wong et al., 2016) Those documents are as follows: 

• A Level 2 BIM checklist. 

• A BIM measurement tool.  

• NWCH KPIs (NWCH. 2015) (Appendix E). 

• NWCH BIM-KPI vision (Figure 6.3). 

• Three Organisational levels (Aboumoemen, 2016). 

The next step was to present the developed framework in this research (Section 4.5), to explain 

the main aim and objectives underpinning the development of a BIM maturity-KPI assessment 

framework and how it would be met. The same sequence was undertaken to break down the 

framework and explain its stages (Chapter 4); however, greater emphasis was placed on stage 1, 

which involved the collection of data that would structure and deliver the complete BIM maturity 

and KPI metric outcomes. 

The three organisational levels were presented and a brief outline was given on the drafted 

metrics and the users were assigned to fill out the assessments discussed, explain the vision of 

the previous study and determine how it would reflect on this research. Finally, the KPIs (Section 

4.5.1) were presented to explain the main difference between not having a list of KPI metrics to 



177 | P a g e  
 

take forward (in accordance with previous studies), and having a standardised list of KPIs (Section 

4.5.1), based on the literature findings and determining how they would be linked with BIM 

maturity metrics. It was recommended that focus group members present their thoughts on the 

list of KPI metrics, including whether other KPI metrics may be included, existing ones amended, 

or indicate agreement with the presented list, which would then be taken forward to the next 

data collection phases.  

The next section will present the discussions conducted in the focus group’s first workshop, which 

involves reviewing the framework’s first stage. This involved the mechanism by which the 

organisational level would work, and the findings from the first workshop, which consisted of the 

three organisational levels, along with the list of KPIs (Section 4.5.1). 

6.7 Workshop 1: Analysis and findings  
 

At the start of the first workshop, focus group members presented a list of documents to support 

the proposed framework: 

• Fifteen NWCH KPIs that are currently used in the platform (Appendix E). 

• The potential benefits of BIM maturity and KPI metrics with previous client and stakeholder 

studies (Figure 4.12).  

• A checklist used for BIM and how it could support the development of BIM maturity.  

• A BIM measurement tool that explains how it could help support development of BIM 

maturity and KPIs, and how it could work within the platform.  

• The organisational levels: Strategic, implementation, and operational (Aboumoemen, 2016). 

• A vision of NWCH’s BIM-KPI approach (Figure 6.3).  

The NWCH’s vision of BIM-KPI (Figure 6.3) indicates how it sees links through a proposed 

framework, (understanding), how this would be linked with industry disciplines (input) what are 

the achieved outcomes in relation to BIM maturity and KPI metrics (outputs), and how would be 

industry disciplines involvement and ideas reflect towards the outcomes related to the BIM 

maturity and KPI metrics towards establishing a link between both and illustrating this through a 

proposed framework (mapped inputs against outputs). This vision reflects back to a previous 

study (Aboumoemen, 2016) where it was expected to present a Level 2 BIM maturity and KPI 

framework to the NWCH and how it will operate within the platform.  

The elements in this vision offers a general overview of NWCH and, for this research, more 

emphasis is placed on the client (input), and the BIM maturity and KPIs (outputs), since these 

represent the main aim and objectives. Figure 6.3 demonstrates the complete vision of the BIM-

KPI approach by NWCH. 
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The layout of the organisational levels was presented, i.e. the mechanism by which the 

organisational levels were completed, and how would the organisational levels look after 

completion. Based on the previous discussion, changes to the strategic level spreadsheet were 

made to address the feedback. A sample of how the spreadsheet will work is shown in Figure 6.4, 

and the mechanism showing how the spreadsheet will work is based on the following steps:  

1) The user will review the BIM maturity descriptors, as shown in step 1, where the description 

for each sub metric in terms of its maturity level will appear as hidden comments.  

2) After the user decided on their current level, the user clicks on a drop-down list cell, as 

shown in step 2, which will bring up the maturity levels 1-3.  

3) Based on the colour coding given in “The how” stage for each maturity level, the selected 

number should automatically convert to that colour (i.e. Awareness=Orange) as shown in 

step 3.  

4) Since the comment is hidden, the user will be required to right click on the coloured cell 

and select ‘Show Comment’ as shown in step 4.  

5) After the previous step, the description of each cell should appear (step 5). 

6) Finally, all the previous steps are repeated in the same sequence, and upon completion of 

the strategic level, the calculation of the maturity level in total will appear (step 6).  

The formula that the user chose was: 1) The average of all the numbers, and 2) The total will then 

be: a) From 1-1.9=Awareness, b) From 2-2.7= Occasional Application, and c) From 2.7-3= 

Consistency. A summary is shown (Figure 6.4 below). 

 

 

Figure 6.3 NWCH BIM-KPI vision 
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6.7.1 Workshop 1 Feedback 
 

After presenting the list of supporting documents for the proposed framework, the focus group 

provided their feedback. It was acknowledged that:  

• The organisational levels: BIM top metrics were targeted for the UK sector in general, but 

not the client specifically; as a result, the current top metrics need revision in order to meet 

the client sector demand.  

• Furthermore, it was agreed that each organisational level is discussed separately to make 

it easier for everyone to provide their inputs on what is required. In relation to the strategic 

level, P3 recommended that “There is a need to include a formula for the maturity level 

calculation”. P3 also added that “The current descriptors are too much for the assessment 

and causes a confusion for the reader, and thus they need to be hidden, and the duplications 

that existed (i.e. implementation) needs to be removed”.  

• P2 and P4 explained how current KPIs will be measured and related to clients.  

• A general proposition was considered on the need to consider the Level 2 BIM standards, 

such as the BS1192. This would involve the development of a BIM maturity tool for 

application within a company and as part of the company's strategy to adopt BIM.  The tool 

would be used to educate clients in the adoption of BIM maturity. 

Figure 6.4 Sample of the Organisational level layout development process 
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• It was recommended that the main contribution of this work would be to deliver this 

assessment to the client sector.  

• All participants were involved in discussions on the BIM measurement tool (Figure 4.2), for 

which they were required to access the Excel spreadsheet and insert some adjustments to 

the current descriptors.  

• It was proposed that participants offer some ideas on relevant information for the strategic 

level. Based on the discussions, information at the strategic level was changed, such as: 1) 

Roles and responsibility, 2) Procurement routes, and 3) EIRs, in terms of descriptors and 

maturity descriptors.  

After the layout of the organisational levels was presented, the focus group provided their 

feedback. They recommended the following:  

• To review a maturity assessment conducted with a similar local authority to see how the 

assessment was conducted and how it may reflect on the proposed assessment. Based on 

the descriptors for Top, Sub Metrics, and maturity levels, participants proposed the revision 

of terminology to fit with the spreadsheet and allow better understanding amongst 

different users and clients.  

• All participants agreed to the concept used that allowed users to simply understand each 

sub metric and their descriptors in the spreadsheet. 

• However, participants suggested lowering the numbers in the formula chosen for the total 

maturity, as not all users would score within the provided range. Hence, it was agreed that 

the formula should be changed to the following: 1-1.6= Awareness (Aw), 1.6-2.4= 

Occasional Application (OA), and 2.4-3= Consistency (Co), and P3 indicated that: “Usually 

whoever undertakes the assessment will score up to 2.4. BIM guide, BIM co-ordinator, 

design manager will probably score highly, whereas the technical guide could score up to 

1.6, and other managers could score below than 1.6”.  

Discussions in the next workshop aimed to start populating the spreadsheet, for example, by 

adding some sub metrics, and adjusting the descriptors. The sub metrics related to the 

collaboration top metric were reviewed and comments were addressed, but participants 

proposed that the spreadsheet could be populated by adding or removing sub metrics and 

adjusting the maturity level descriptors within forthcoming workshops. Towards the end of the 

workshop, some information on existing BIM maturity assessments was presented, and a list 

emerged in this research (Section 3.4), which was reviewed and analysed for the next workshop.  

The next section presents findings from the discussion across all organisational levels. 
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6.8 Workshops 2-7: Key Discussions on Organisational Levels  

 

Having discussed the layout of the organisational levels and presented the NWCH BIM-KPI vision, 

discussions were subsequently held on each separate organisational level.  However, a review of 

more than one level was conducted where necessary (i.e. BIM metrics that would overlap the 

three levels). The key topics covered focused on the final outcomes (Table 6.3). These outcomes 

would be the discussions covered since they provided full coverage of how the organisational 

levels would be filled and tailored to clients. 

 

As presented in Table 6.2, the structure of the workshops focuses on the participants to revisit 

the relevant BIM standards to review the presented Level 2 BIM metrics and amend where 

possible to address the relevant Level 2 BIM top and sub metrics according to each organisational 

level (Strategic, Implementation, Operational). This will include providing a description to each 

of the top and sub metrics and providing a maturity descriptor to each of the sub metrics based 

on 3 maturity levels (Awareness, Occasional Application, Consistency). This will be conducted by 

populating the metrics alongside with their descriptors according to the available BIM standards, 

where each of the organisational levels will be conducted across 2 workshops as follows:  

1) Workshops 2 and 3- The development process of the Strategic level will be conducted and the 

final maturity assessment for this level will be presented in the end of workshop 3. 

2) Workshops 4 and 5- The development process of the Implementation level will be conducted 

and reviewed with the Strategic level’s maturity assessment (where necessary), and the final 

maturity assessment for this level will be presented in the end of workshop 5. 

3) Workshops 6 and 7- The development process of the Operational level will be conducted and 

reviewed with the Strategic & Implementation levels’ maturity assessment (where necessary), 

and the final maturity assessment for this level will be presented in the end of workshop 7. 

Having explained the process of the workshops and the findings that will be generated from the 

completion of each workshop, the next section will present the analysis and findings related to 

the Strategic level.  

Table 6.3 Organisational levels workshop Key discussions areas 
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6.8.1 Workshops 2 and 3: Analysis and Findings for the Strategic Level 
 

The second workshop focused on discussions on the strategic level and its components, which 

meant participants revisited the previously completed information concerning the top and sub 

metrics, their descriptions, and maturity level descriptors. For this workshop, discussions covered 

the Collaboration Top Metric, and the sub metrics were populated and amended alongside their 

descriptors and maturity level descriptors. Towards the end of the workshop, comments were 

noted that addressed on some of the sub metrics for the collaboration top metric. They were 

reviewed and analysed in the next workshop when the strategic level (Appendix E) was also 

discussed in detail. The previous conducted strategic level (Appendix C) was discussed in detail 

in the third workshop. Figure 6.5 presents the first development process of the strategic Level. 

This included the findings of the existing metrics, their descriptors, and the overlaps of the 

metrics with the organisational levels (Highlighted in red); presented in the top layer of the figure, 

and the finalised outcomes of the assessment, which demonstrates the update from just having 

the metrics and their descriptors, towards having the 3 level maturity descriptors for each sub 

metric; presented in the bottom layer of the figure. The same development process will be 

repeated across all the workshops towards presenting the final assessment for each 

organisational level.  

Figure 6.5 Strategic Level: First development process [Existing findings (top layer), and adjusted (bottom layer)] 
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The third workshop continued discussions on the strategic level. Participants reviewed the 

metrics populated in the previous workshop, and completed the organisational level with inputs 

concerning “The What stage- BIM top and sub metrics, and essence of descriptors”, and “The 

How stage- maturity levels descriptors for the awareness, occasional application, and consistency 

level”. Discussions reviewed findings from the previous workshop and specifically considered the 

top metrics for employers’ requirements and facilities management.  Participants populated and 

amended the sub metrics associated with each top metric, and provided sub metric descriptors 

and maturity level descriptors. A number of adjustments were conducted where some sub 

metrics were removed and replaced by others, and the descriptors used for the maturity levels 

were adjusted to reflect clients’ and users’ understandings. Figure 6.6 presents the second and 

final development process of this level.  

 

At this stage, the organisational strategic level was completed (shown in Figure 6.7), and it was 

agreed that Senior Managers were be suited to review this level. Having completed the strategic 

level, the next workshop involved discussion on the implementation level, and participants 

recommended considering the strategic level to identify the points at which the populated 

information would relate to the implementation level.

Figure 6.6 Strategic Level: Second and final development process [Existing findings (top layer), and 

adjusted (bottom layer)] 
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Figure 6.7 Focus Group Findings for the Completed Strategic Level  
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6.8.2 Workshops 4 and 5: Analysis and Findings for the Implementation Level  

 

Discussions on the fourth workshop focused on the implementation Level. Discussions were held 

on the level and its components for which participants needed to revisit previously completed 

information concerning the top and sub metrics, their descriptions and maturity level descriptors. 

Participants were also required to review the Strategic level to identify where metrics would 

reoccur. Discussions reviewed the findings from workshops two and three and covered 

collaboration, employers’ requirements and processes top metrics.  These fields were populated 

and the associated sub metrics were amended alongside their descriptors and maturity level 

descriptors. The previously conducted Implementation level (Appendix C) was discussed in detail 

in workshop five. Figure 6.8 presents the first development process of the Implementation Level.  

Figure 6.8 Implementation Level: First development process [Existing findings (top layer), and adjusted 

(bottom layer)]. 
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The fifth workshop continued discussions on the implementation level by reviewing the metrics 

added in the previous workshop and by populating the organisational level with “The What” and 

“The How” inputs. For this workshop, discussions reviewed findings of the previous workshop 

and covered the top metrics for delivery, sharing and facilities management, which populated 

and amended the associated sub metrics, and provided sub metric and maturity level descriptors. 

A number of adjustments were made whereby some of the sub metrics were removed and 

replaced, and descriptors used for the maturity levels were adjusted to meet clients’ and users’ 

understandings of this level. Figure 6.9 presents the second and final development process of 

this level. 

 

At this stage, the organisational implementation level was completed (shown in Figure 6.10), and 

participants agreed that Information Managers would be best suited to complete this level. 

Having completed the implementation level, the next workshop involved discussions on the 

operational level, which was reviewed alongside the strategic and implementation levels to 

determine whether overlaps arose across the level.

Figure 6.9 Implementation Level: Second and final development process [Existing findings (top layer), and 

adjusted (bottom layer)] 
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Figure 6.10 Focus Group Findings for the Completed Implementation Level 
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6.8.3 Workshops 6 and 7: Analysis and Findings on the Operational Level  

Discussions on the sixth workshop focused on the operational level. Discussions were held on the 

level and its components, and participants needed to revisit the previously completed 

information for the top and sub metrics, along with their associated descriptions and maturity 

level descriptors. Participants also needed to review the strategic and implementation levels to 

determine where metrics would recur. Discussions reviewed the findings of the previous 

workshop and covered the top metrics for employers’ requirements, sharing, and capital 

delivery, following which participants populated and amended the associated sub metrics, and 

provided sub metric and maturity level descriptors. The previous conducted operational level 

(Appendix C) was discussed in detail in the seventh workshop. Figure 6.11 presents the first 

development process for the operational level. 

Figure 6.11 Operational Level: First development process [Existing findings (top layer), and adjusted 

(bottom layer)]. 
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Discussions for the seventh workshop focused on the operational level, during which participants 

reviewed the metrics considered in the previous workshop and populated the organisational 

level with “The What” and “The How” inputs. Discussions reviewed findings from the previous 

workshop and covered the top metric for facilities management, populated and amended the 

associated sub metrics, and provided the sub metric and maturity level descriptors. A number of 

adjustments were made, which meant that some sub metrics were removed and replaced, while 

descriptors used for the maturity levels were adjusted to meet of clients’ and users’ 

understandings. Figure 6.12 presents the second and final development process for this level. 

 

At this stage, the organisational operational level was completed (shown in Figure 6.13), and 

participants agreed that Project Managers would be best suited to undertake this level.  Having 

completed the operational level, a review of all three organisational levels was conducted to 

determine how assessments were structured and whether any amendments were required. The 

list of KPIs (Section 4.5.1) was confirmed for adoption at the next stage. The next section will 

discuss the findings of the three organisational levels following their review.

Figure 6.12 Operational Level: Second and final development process [Existing findings (top layer), and 

adjusted (bottom layer)]. 
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Figure 6.13 Focus Group Findings for the Completed Implementation Level 
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6.9 Workshop 8: Review of the Three Organisational Levels 
 

In the last workshop, the focus group provided their feedback on the completed organisational 

levels, and participants stated that:  

• “[The] Maturity index looks a good start to formulating/evaluating a Client’s level of 

understanding at key points of each project and anyone from the supply chain.  It could also be 

applied to Assets and Framework level assessments” [P2]. This indicates that clients would be 

well educated by this assessment and that it would help them to assess their projects and 

identify where they stand. 

• “The assessment should be given to users with some awareness and knowledge on Level 2 BIM 

for the assessment to be meaningful” [P4]. This highlights the importance of giving the 

assessment to the right people since the information relates to Level 2 BIM; if given to someone 

with limited Level 2 BIM knowledge, the assessment could not be completed to the required 

level. It was noted that the maturity level descriptors could be changed to meet the client’s 

understanding; the necessary adjustments were presented in Sections 6.7 and 6.8.  

• “The need to have a tangible metric to score all the sub metrics otherwise they could all be 

scored as 3” [P3]. This indicates that the metrics need to be well explained, and whoever 

completes the assessment should only fill out the sections applicable to them.  Thus, the metrics 

that are not applicable should be omitted.  

• There exist[s] sub metrics related to those in the operational level… For organisational level it 

could mean if they have collaboration between different platforms and system, where every 

company will have different platforms such as enterprise systems that are related and not 

related to BIM“ [P2]. Thus, P2 stated that the sub metrics relating to the collaboration top 

metrics could be available within the implementation and operational levels.  

• “Generally the strategic level should be kept to its simplest forms to allow clients and users in 

that level to assess the sub metrics of Level 2 BIM” [P1]. Everyone agreed that, for the roles and 

responsibility sub metric, “Some overlaps could occur between sub metrics in one top metrics 

with another one in a different top metric (Roles and responsibilities with Collaboration and 

Employers requirements”. This needs all sub metrics to be addressed to avoid unnecessary 

duplication.  

• “There should be a template that explains that not every part is applied to you; therefore answer 

the metrics which applies to you so that the average scores will make sense and be meaningful, 

so where it is not applicable to you leave it blank” [P3]. Thus, participants requested a set of 

guidelines prior to the assessment to explain how it works and what needs to be completed.  
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At this point, the final workshop was complete, and the data collection saturated, meaning that 

it was necessary to move on to the next stage. The next section provides a summary of the BIM 

maturity assessment findings, a summary of the KPI findings, and the workshop findings in 

relation to the BS EN ISO19650 standards. 

6.10 BIM Maturity Assessment Focus Group Workshops Summary 
 

This stage concluded the findings from the focus group workshops. The next stage of the research 

was to examine the organisational level spreadsheets for different clients and users within the 

UK construction industry’s public sector. The disciplines expected to complete each 

organisational level were identified, and are as follows: 

1) Strategic: Senior Managers, responsible for setting up the strategic goals and gearing up 

the department to deliver BIM, are expected to complete the assessment at this level.  

2) Implementation: Information Managers would be expected to complete the assessment 

at this level as they are responsible for ensuring delivery of the strategic goals to implement 

BIM, and systems (i.e. people, processes, technologies) are in place to facilitate this.  

3) Operational: Project Managers, responsible for day-to-day users operating within a Level 

2 BIM environment, would be expected to complete the assessment at this level. 

The findings revealed the following points:  

1) The top metrics of each organisational level were kept the same, and therefore correlate 

to the findings from previous BIM maturity related studies, which validates some of the 

findings and ensures they would cover the Level 2 BIM metrics as set out in the standards.  

2) Some sub metrics remained the same, whilst others have been replaced/added - as 

presented in the previous sections. This ensures that the metrics follow the Level 2 BIM/BS 

EN ISO19650 standards and are suited to each organisational level.  

3) Accordingly, all of the sub metrics and maturity level descriptors have been changed, as 

shown in the previous sections. This ensures that the research differs from a previous study 

(Aboumoemen, 2016) and shows that the focus group workshops were vital in reviewing 

the organisational levels and populating the necessary components. 

4) The organisational levels have been assigned to relevant disciplines, as explained 

previously, and this ensures that clients are able to complete the assessment, as stipulated 

in the research aim and objectives. 

5) Finally, the new BIM maturity assessment would add to existing assessments, as the next 

stage links it to the aforementioned KPIs (Section 4.5.1).  

The next section provides a summary of the KPI metric outcomes. 
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6.10.1 KPIs focus group workshops summary 
 

The list of KPIs that emerged from the literature (Section 3.7) was presented to focus group 

members to gather their feedback on the use of KPIs as a standardised set for examination. The 

group members agreed that the list of KPI metrics could offer an initial list for evaluation. Thus, 

semi-structured interviews will be with the selected sample (as mentioned in Section 5.11), which 

will collect information on the possible linkages between BIM maturity and KPI metrics.  

This stage concluded the findings of the focus group workshops, which delivered a standardised 

list of BIM maturity and KPIs. A total of eight workshops were conducted to finalise the BIM 

maturity assessment for all organisational levels and to agree a list of KPI metrics that determine 

the BIM maturity/KPI linkages to be taken forward to the interview stage. The next section will 

discuss the BIM maturity assessment and its relevance to the new BS EN ISO19650 standards. 

6.11 BIM Maturity Assessment and its Relation to the BS EN ISO19650 Standards 
 

At this stage, the main aim of the workshops was to firstly, collect information on the required 

BIM metrics that would be populated within each of the organisational levels and to secondly 

agree to a list of KPIs that would be taken forward to the next data collection phases and examine 

the potential links. The workshops were undertaken at a time when more emphasis was placed 

on Level 2 BIM (related more to BIM maturity), and when no mention was made of the BS EN 

ISO19650 standards. It is worth mentioning that the data presented in the BIM maturity 

assessment aligns with the Level 2 BIM metrics, as presented in the BS1192:2007 and PAS1192-

Parts 2-5. However, the BS EN ISO19650 standards were released in early 2019, and merged the 

previous UK guides within an international guide (ISO), which was more closely related to 

information management. Hence, the information presented in the BIM maturity assessment 

(top and sub-metrics, descriptors, and maturity level descriptors) are more relevant for both the 

Level 2 BIM mandate and the new BS EN ISO19650 standards. This ensures that the assessment 

could be transferred and embedded alongside the BS EN ISO19650 standards, as some of the BIM 

sub-metrics could include the transition from Level 2 BIM to the BS EN ISO19650 standards, as 

presented in Section 2.8.3. The information that will be collected from interviews and 

questionnaires and more closely related to Level 2 BIM; however, it would also be relevant to 

the new BS EN ISO19650 standards.  

Having presented a detailed analysis of the organisational assessments, in terms of the final 

structure for the assessments (Strategic, Implementation, Operational) and an initial list of KPI 

metrics, the next section will present an update to the proposed framework that relates to “The 

What” stage (Section 4.5.1).  
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6.12 The ‘What’ stage: The evolution of the framework  
 

Based on the conceptual framework and primary data findings, the evolution of the framework 

from the initial development will be presented, namely the ‘What’ stage. Figure 6.14 presents 

this development stage, which demonstrates the evolution from the conceptual (Section 4.5) to 

the initial framework development. This section will demonstrate the findings which lead to the 

following: 1) Agreement to an initial standardised list of KPI metrics (Section 6.10.1), and 2) the 

BIM maturity top and sub metrics, which was achieved during the focus group workshops.  

 

 

 

 

 

 

 

 

 

 

The ‘What’ stage identified the required BIM maturity and KPI metrics for the framework and 

assessments (Section 3.4). The initial framework development evolved from the conceptual 

framework due to the influence of the primary data collection, it is be necessary to explain the 

development process and identify the main differences between the two developments. The 

conceptual framework presented the parameters and inputs that covered the necessary 

requirements of BIM; these were aligned and merged with the KPI metrics and presented as the 

‘What’ stage. The BIM maturity metrics were proposed for inclusion, which act as inputs while 

the KPI metrics act as outputs. The proposed ten KPI metrics are presented in the framework, 

and the seven BIM maturity top metrics across all organisational levels are outlined in the 

framework. Also, given the transition from Level 2 BIM to the new BS EN ISO19650 standards, 

the BS EN ISO19650 standards will be presented.  This denotes the main difference between this 

research and previous frameworks identified in the literature. The initial framework 

development emerged as a result of the primary data findings and analysis to include an 

indication of the expected BIM maturity (aligned to the BS EN ISO 19650 standards) and the KPI 

metrics included.  

Having presented the development of the framework and demonstrated what are the BIM 

maturity and KPI metrics, the next chapter will discuss the data collected from the next data 

collection phase (semi structured interviews). 

1 2 

 1  2 

Figure 6.14 The evolution of the ‘What’ stage from the conceptual to the initial framework 
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6.13 Summary 
 

This chapter presented the preliminary findings of the framework that was developed with focus 

group members. The mixed method data collection process for the focus groups, semi structured 

interviews and questionnaires were described to show how the data was collected at this stage, 

with a detailed focus on the focus group workshops. An overview of NWCH was given to explain 

how they operate and the relevance of this research to their business. The criteria for selecting 

participants for the focus group workshops were identified to show how participants were 

approached for this research (Table 6.1).  

Findings from the previous study (Aboumoemen, 2016) and this research were presented to 

demonstrate previous insights and what is expected from this research. The organisational levels 

inputs were provided to outline the necessary requirements for the assessment and how these 

will be formulated. According to this stage, all organisation level assessments were discussed and 

completed, and are illustrated in Figures 6.7, 6.10, and 6.13, and agreement on an initial list of 

KPIs (Section 4.5.1) was achieved. An update to the conceptual framework has been presented, 

which discussed the findings related to “The What” stage of the framework, and how it has 

developed from the proposed framework (Section 4.5) towards the initial framework 

development. 

After conducting a number of focus group workshops to generate the BIM maturity assessment, 

the next step involved the conduct of a number of semi structured interviews to capture more 

information about the potential links between BIM maturity and KPI metrics, to examine the 

proposed BIM maturity assessments and to determine how they can be linked with the 

standardised list of KPI metrics (Section 4.5.1). Having completed the second stage of the BIM 

maturity and KPI assessment framework development, the next chapter will explain its further 

development. 
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Chapter 7: Qualitative (Semi-

Structured interview) data findings 
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7.1 Introduction 
 

The previous chapter presented the BIM maturity assessment development across three 

organisational levels based on the focus group workshop findings. These findings will be 

examined through a qualitative enquiry (using semi structured interviews), which represent the 

second step in the validation process. The focus group workshop findings are examined to 

determine the relationships between BIM maturity and KPI metrics. This chapter presents the 

process of validating the assessment and exploring a potential linkage between BIM maturity and 

KPI metrics, as conducted through semi-structured interviews. The objective in conducting the 

interviews is to establish an in depth understanding of BIM maturity and KPI metrics and to 

explore potential links. This will help to validate the workshops findings and the KPI findings from 

the literature, and present a finalised list of KPI metrics for use in the assessment to establish the 

potential linkages. The final outcomes of the KPI metrics, and the BIM maturity and KPI metrics 

linkage will finalise the second stage of the proposed BIM maturity-KPI assessment framework. 

Similar to the workshops, the aim of the interviews is to meet the study’s fourth and fifth 

objective, by developing the proposed assessment framework and examining a potential linkage. 

7.2 Semi structured interview: Data collection and recruitment process  
 

Contact was made with the NWCH to issue a call to participate in interviews for this research. At 

this stage, a meeting within the platform was conducted and invitations were sent out to the 

members who attended the meeting. The invitation was to participate in a series of semi 

structured interviews to collect information related to the data collected from the focus group 

workshops. The researcher aimed to conducted a number of interviews that fell within the 

recommended range (5-25 interviews) (Saunders et al., 2016). This stage identified participants 

who were willing to participate in the interviews, which was based on NWCH contacts 

(snowballing) and the researcher’s personal contacts, some of which may be linked with some of 

the focus group members.  

A client session on BIM was arranged at the University of Salford, where a number of construction 

professionals were invited to present their findings with BIM case studies related to the NWCH.  

The researcher was part of the session and distributed a one-page case study that summarised 

the work and outlined the research aim. This session was a perfect opportunity to identify some 

contacts who could participate in the interviews. The template of the one pager case study is 

available in Appendix I. The next section will describe the data analysis process for the interviews.  
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7.2.1 Semi-structured interviews: Data collection and analysis process  
 

Similar to the workshops, the data collected from the interviews were split into themes in 

accordance with a thematic analysis process; these themes were also quantified to enable 

content analysis. Based on the framework findings from the workshops, and on the selected 

interviewees from NWCH, a number of semi-structured interviews were conducted to explain 

the proposed framework and collect information on the potential links between BIM maturity 

and KPI metrics that were presented in the literature review and the focus group workshops. A 

number of suggestions that helped to generate a potential linkage between BIM maturity and 

KPI metrics was delivered, which concluded the development of the framework’s second stage. 

In addition, questions were posed on the benefits expected to emerge from the potential linkage 

between BIM maturity and KPI metrics. The interviews were conducted with NWCH’s established 

contacts via contracting companies and were conducted at the interviewees’ workplaces.  

The interviews were recorded but, unlike the workshops, instead of also taking notes, detailed 

transcriptions (verbatim) were undertaken to capture all relevant information on BIM maturity 

and KPI metrics. Thus, any additional information believed unnecessary for this research will be 

omitted. A number of questions were asked in each interview around the potential links of BIM 

maturity and KPI metrics. The links between BIM maturity and KPIs metrics were converted 

quantitatively to enable measurement, which were subsequently used in the questionnaire. An 

informed consent form, and an interview invitation letter presented to NWCH were signed as 

part of the interview process, and templates of these documents are available in Appendix F. 

Figure 7.1 illustrates the interview data collection process, and Table 7.1 presents the ten 

questions asked, which were tailored within each interview following the interviewee’s 

identification of their organisational level. 

Figure 7.1 Interview data analysis process 
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Having presented the list of questions for the interviews, the next section will discuss the process 

for selecting the interviewees. 

7.2.2 Selection of participants for interview 
 

For qualitative research, the selection of participants needs to be precise and based on 

participants’ in-depth knowledge and experience with the content of the research, and with the 

phenomenon behind it (Robson, 2002). For these reasons, a purposive approach was applied to 

the selection of participants. NWCH distributed an email to organisations on the database they 

held, which invited relevant practitioners who met the research background to participate in a 

semi-structured interview. Additional invitations were also sent to the researcher’s personal 

contacts, who were professionals within the UK sector. The researcher conducted interviews with 

15 construction practitioners with at least one year of experience. All interviews took place at 

the interviewee’s workplaces and ranged from 45 mins to 1 hour and 15 mins length. The 

Table 7.1 Interview questions 
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interviews took place between 23rd May and 19th October 2018, which was also during the 

timeframe of Level 2 BIM when no mention had been made of the BS EN ISO19650 standards. 

Although, as previously explained, a transition from Level 2 BIM to the BS EN ISO19650 standards 

occurred, the interviews findings fit within this transition and were relevant to the standards. 

7.2.3 Thematic and content analysis procedure 
 

Ethical consent was granted for the recording of the interviews. After the interviews were 

completed, transcriptions were undertaken to capture verbatim text data. The transcripts were 

analysed question by question across all interviewees to extract the main and sub themes related 

to each question. This involved detailed reading and grouping/categorising to confirm 

consistency when extracting the themes (Braun and Clarke, 2016; Creswell, 2007) and linking 

these with the interview outcomes in order to achieve the thematic analysis procedure.  

In order to achieves the content analysis procedure, information was imported into NVIVO 

software to support the analysis, the data was grouped quantitatively, the location of the themes 

was occurred, the number of discussions relating to each theme were noted, the themes were 

linked to the interviews, and the data quantified to capture the key topic areas. For question 

seven, interviewees were asked to identify their organisational level in order to complete the 

BIM maturity assessment and demonstrate the potential BIM maturity and KPI metrics linkages 

(these were analysed separately). For this, the thematic analysis focused on links between the 

KPI metrics and BIM maturity metrics, while the content analysis considered the BIM maturity 

answers given. The analysis will be presented in the next section. 

7.3 Thematic and content analysis findings 
 

This section presents findings from the conducted interviews and presents the extracted themes 

and sub themes that emerged.  Moreover, it presents the quantitative data’s links to the themes 

to signify the importance of key areas in the research. 

7.3.1 Interviewee participation 
 

After conducting 15 interviews the data became saturated (Table 7.2 and Figure 7.2).  

Interviewees were coded to allow anonymity. The interviewees have different levels of 

experience and work in different roles; this improves the data richness in terms of the range of 

information and level of detail. Table 7.2 shows that more participants came from an 

architectural background (six architects were involved), while three strategic contractors also 

participated alongside three information managers, two project managers, and one building 

surveyor. All interviewees had between 1-10 years of experience, while four had between 1-5 
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years, eight had between 6-10, and three had more than 10 years of experience. Having 

presented the details of the interviewees, the next section will discuss findings from the level of 

agreement questions (Table 7.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.3.2 Close ended responses - Level of agreement to questions addressed 
 

This section introduces the findings from the 15 interviewees, in terms of their level of agreement 

to the questions addressed (Table 7.1). Table 7.3 presents the range of agreement and 

disagreement by interviewees, along with the individual responses for each statement, and the 

total percentage distribution of agreement and disagreement across the 15 responses. 

Figure 7.2 Interviewee details 

Table 7.2 Interviewee list 

Table 7.3 Question outcomes based on fifteen interviewees 
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The findings showed that:  

1) In terms of Level 2 BIM adoption and compliance, nine interviewees agreed to compliance to 

the government Level 2 BIM mandate, which represents 60% of the sample. Thus, 40% 

organisations from this sample are not meeting the government Level 2 BIM mandate, which 

suggests that these organisations may be unaware of the mandate or unclear on what is 

required for compliance.  This correlates with the findings that 39% are not clear on what has 

to been done to comply with the government mandate (NBS. 2019) and represents an 

obstacle within these organisations to upskilling to the Level 2 mandate.  

2) In terms of awareness of existing BIM assessments, none agreed to the use of assessment 

within their firms; 12 interviewees stated they were only aware of assessments, while three 

were not aware of any. Although this aligns with studies that indicate awareness of 

assessments across organisations with some also applied (Badrinath et al., 2019; Kassem & Li, 

2020), this suggests a lack of overall awareness of BIM assessments and thus, the need to 

educate organisations on assessments to enhance their level of BIM adoption.  

3) In regard to KPI metrics in place, ten interviewees agreed to having a number of KPI metrics 

in used within their organisations citing various reasons, such as measuring the 

project/organisational performance; in comparison, five disagreed. This suggests that KPI 

metrics are yet to be made applied within those organisations that disagreed, which could 

support the development of potential linkages between BIM maturity and KPI metrics.  

4) The list of KPI metrics that emerged from the literature was presented to the interviewees.  

Nine agreed that the presented list of KPI metrics was a standardised list for generalisation, 

whereas six disagreed. This indicated that the list could be considered a benchmark for use 

within organisations, although further reviews would have to be conducted to agree on a 

standardised list of KPI metrics.  

5) In determining a mechanism to link BIM maturity and KPI metrics, only six interviewees had 

knowledge to determine a potential mechanism between both.  In comparison, three agreed 

to a mechanism and provided some examples while three also disagreed and were not able 

to provide a mechanism. This suggests a struggle to provide a mechanism for both to work 

together; this needs to be reviewed to see how a mechanism could be achieved.  

6) Everyone agreed to a potential link between BIM maturity and KPI metrics except one who 

disagreed. This indicates there could be potential ways to link them that meets the research 

objectives and reflect findings from the literature.  
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7) Moreover, 13 interviewees agreed that this assessment managed to demonstrate a linkage 

between BIM maturity and KPI metrics, and only two disagreed. This indicates that the 

assessment succeeds in delivering a linkage and meets the research objectives. 

8) Finally, with benefits expected to emerge from this linkage, 12 have agreed that benefits exist, 

whereas three disagreed. This indicates there are potential benefits from linking both 

approaches, which meets the research objectives by noting the linkages and potential benefits 

to users and organisations. 

In a nutshell, the findings indicate that 75% of the statements given were agreed to, and only 

25% were disagreed, which indicates that the interviewee findings align with the critical review 

of key literature on BIM maturity, KPI metrics, their linkage, and the benefits to emerge. 

Having presented the close-ended responses from interviewees, the next section will present the 

interviewees’ responses to the interview questions, which will help to extract themes and 

quantify them to meet the selected research analysis. 

7.3.3 Extraction of themes based on open ended responses 
 

The next section will present the interviewees’ responses to the questions, which contained 

quotes that were extracted to formulate the thematic analysis. The statements that will be 

highlighted in bold are directly linked to the question which starts to extract potential themes. 

The verbatim transcripts of the interviews are available (Appendix F). 

1. a) Level 2 BIM adoption and compliance 
 

When exploring the levels of adoption and compliance to Level 2 BIM, responses were given that 

agreed or disagreed, for example: 
 

When it comes to level of adoption, then it is done in a structured way for the last 10 years, and then 

we fall out to be unstructured, and more of prototyping type of work.” (Interviewee I01). “We are 

educating the client on BIM, and there is an eager to implement and be compliant with Level 2 BIM 

according to the UK government mandate.” (Interviewee I07). “In terms of adoption with standards, 

we’re getting on top of it, finalising our standards and protocols which adopt all the BS standards and 

the PAS documents, all the kind of British Standards that go alongside with that.” (Interviewee I14).  
 

This shows the adoption of Level 2 in accordance to BIM standards that align to Level 2 BIM, and 

this this also indicated some negative issues related to the adoption of BIM for that specific 

individual in their organisation, and an unstructured method of working, which has impacted 

negatively on the organisation’s level of adoption of BIM. This aligns with the literature review 

findings on the awareness of BIM and the levels of adoption (NBS. 2019, 2020). Examples of some 

themes that could be extracted are: 1. Level 2 BIM protocols and standards, and 2. Introduction 

to BIM standards amongst clients. 
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1. b) BIM maturity assessments/tools/models 
 

When identifying the levels of understanding amongst interviewees on the different BIM 

assessments and if any exist within their practice, various answers were given, for example: 

 

 “Resources, software and organisation BIM maturity questionnaire” (Interviewee I02). “Looking at how 
to create internal checklist, doing it based on my industrial experience” (Interviewee I03). “We know 
about them and we’ve been filling them out for years. But when it comes to having a BIM maturity 
assessment in place, we don’t have a standard maturity assessment. That is something that’s on the list 
to do it on our BIM Level 2 certification with BRE, on the to do list items….. As a practice, we are in a 
process of going through a BIM level 2 certification ourselves” (Interviewee I13).   
 

This indicated that some interviewees demonstrated their awareness of Level 2 BIM assessments 

but did not have an assessment in place, although suggested one as a future consideration. 

However, they had different in-house assessments based on checklists and experience, not 

related to BIM assessments presented in the literature, and assessments that lead to obtaining 

a Level 2 BIM certification. This links to attempting an assessment based on self-experience and 

the absence of existing BIM assessments within practices and shows some lack of awareness of 

BIM maturity assessments and suggests the need to educate users, which correlates with the 

research aim and objectives for presenting an assessment. Examples of some themes that could 

be extracted are: 1. Delivery of Level 2 BIM certifications, 2. Self assessments to measure Level 

2 BIM adoption, and 3. Variety of BIM knowledge amongst users.  

 

In terms of the strengths and weaknesses for the BIM assessments, examples are: 

 

“General knowledge about BIM has increased” (Interviewee I06). “Most of the maturity assessments 
are very technical” (Interviewee I09). “Process of disseminating the outcomes is a manual & time-
consuming process” (Interviewee I11). “Sharing knowledge, ideas, aspirations” (Interviewee I12).  

Both noted being more knowledgeable with BIM, the ability to share this knowledge and the 

concepts generated, and noting the importance of BIM assessment. Some of this resonates with 

the strengths of BIM assessments noted in the literature. 

Both implied some consistency in terms of filling out the assessment and the variation in time 

taken. This indicates a potential challenge ted alongside the assessments presented earlier in the 

literature, and could show what might happen with the assessment presented later on. A 

summary of the strengths and weaknesses that emerged from the interviews are shown in Table 

7.4. Examples of some themes that could be extracted are: 1. Collaboration and Sharing, 2. 

Enhanced Understanding, and 3. Lack of awareness of data.  
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2. Key Performance Indicators (KPIs) metrics 
 

When questioning interviewees on their understanding of KPI metrics and on examples they 

were aware of, a range answers were given; for example: 
 

“It is difficult to do a KPI on cost, because what’s the benchmark alternative is very subjective. (i.e. 
clash) there is a clash there that saves us an X amount of cost, but you might have not had a clash in 

reality. Expected saving amongst that. So, it is difficult to put a KPI against cost” (Interviewee I01). “We 
have a (Closeout 1), then we have a client satisfaction performer for our clients to give us feedback on 

our performance” (Interviewee I13).  

This indicated that not only do KPIs presented in the literature not align here, but different ways 

of measuring KPIs and tools exist. This contradicted some of the literature findings and presented 

an opportunity to develop a standardised list of KPIs for practice. Also, it shows some difficulties 

with benchmarking KPIs and measuring them, which aligns to some of the literature findings 

associated with measuring KPIs. Examples of some themes that could be extracted are: 1. 

Challenges affecting KPIs, and 2. KPIs generated and being used on projects.  

 

3. a) Linking BIM maturity and KPI metrics (before assessment) 
 

When questioning interviewees on their views on linking BIM maturity and KPI metrics through 

mechanisms, actions, and the potential link, various answers were given, for example: 

 

“A methodology for measuring BIM level 2 benefits along with a SWOT analysis” (Interviewee I09). “BIM 
is how we manage and run the job, KPIs are how we measure the success, and those 2 things are 
completely different” (Interviewee I08). “Monitor capabilities rather than maturity” (Interviewee I01). 
 

These findings indicated potential mechanisms through different types of analysis (SWOT), the 

differences between BIM and KPIs, and a greater emphasis on capabilities than on maturity. This 

indicates that potential methods to link BIM maturity and KPI metrics could vary from one 

practice to another, meaning that some could identify links while others not. These findings 

Table 7.4 Summary of BIM maturity assessment/tool/model strengths and weaknesses from the interviews 
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correlate significantly with the literature findings. Examples of some themes that could be 

extracted are: 1. Capability to extract and / or deliver data, 2. Existence of advanced 

technology, and 3. Delivery of training facilities. A summary of the related quotes emerged from 

the interviews and is available in Table 7.5. 

 

3. b) Linking BIM maturity and KPI metrics (After assessment) 
 

At this stage, the assessment was provided to the interviewees and general feedback was given. 

Their views were gathered on linking BIM maturity and KPI metrics in terms of the provided 

assessment, and the associated benefits, which varied between interviewees, for example: 

“Yes, there is a direct impact, if you know someone is not capable of delivering something, which has not 
been implemented, at least you know how to improve it.” (Interviewee I02). “Because you can measure 
your BIM maturity through the KPIs and improve your BIM maturity based on the KPIs that you 
established.” (Interviewee I04). The more mature the BIM model, if it’s in the green column, will give you 
better data to analyse to get more accurate KPIs. (Interviewee I10).  
 

According to these views, the assessment works in terms of linking BIM maturity and KPI metrics, 

although some strategies could enable future improvement when implementing the assessment.  

In terms of the KPI metrics, it would enable measurement and improve the levels of BIM maturity 

adoption, while scoring in the consistency level would allow for better data analysis and a better 

delivery of information that aligns with BIM maturity. Examples of some themes that could be 

extracted are: 1. Enhanced Capabilities, and 2. KPIs outcomes to improve BIM processes.  
 

4. Actions to link BIM maturity and KPI metrics alongside the potential benefits  
 

Interviewees were asked about the actions required to enable a linkage alongside the potential 

benefits to occur and various answers were given, for example: 

 

“The process will be measuring your BIM maturity, create your KPIs, and find out where the problems are, 
improve it, and then re-measure it.” (Interviewee I04). “I think for clients in general, if you can link them 
all together, then it can make it easier to put a business case for it.” (Interviewee I15). 

Table 7.5 The mechanism of Level of BIM maturity on the KPIs vs actions required: Interviewee quotes 
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These views show that actions to link BIM maturity and KPI metrics exist, which can act as a 

continuous cycle of measuring, creating, improving, and then remeasuring. Also, the data could 

be presented in a matrix or scattered diagram to help explain it to users. Some of the quotes 

align with the linking actions presented in the literature review and the distribution of BIM 

maturity and KPI metrics for the framework. Examples of some themes that could be extracted 

are: 1. Improved collaboration and quality, 2. Developing data based on existing information, 

and 3. External sources used to ease information transfer. A selection of key quotes that 

emerged from the interviewees on the actions, user benefits, and additional information on BIM 

maturity and KPI metrics are presented in Table 7.6. 

 

Based on the previous information and questions asked, a list of key words and phrases were 

repeated and used more frequently in the interviews. The repetition of these words and phrases 

aims to signify the important areas on which interviewees focused in terms of the BIM maturity 

assessments, KPI metrics, their linkages, and the benefits to emerge.  The key words and phrases 

linked to these topic areas have been highlighted in bold to subsequently help extract themes 

related to the research, which was generated from NVIVO software, used to compile the data. 

The quotes and most frequent words used across the interviewee questions will be discussed in 

more detail in the next section. Having presented an extraction of the themes, the next section 

will discuss the hierarchy breakdown of those themes in more details. 

 

Table 7.6 Actions for the linkage and benefits to reflect on users 
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7.3.4 Presenting the Overarching, Main, and Sub themes  

 

Themes generated from the interview data were described, and examples identified from quotes 

were presented; from this, a number of themes were extracted. The themes have been 

categorised into 3 layers of themes (Braun and Clarke, 2016). Those are presented as follows:  

1) Overarching themes – which tend to organize and structure an analysis; they capture an idea 

underpinning a number of themes.  

2) Main Themes – which report in detail on meaning related to a central organizing concept.  

3) Sub-themes – which capture and develop an important facet of the central organizing concept 

of a theme.  

Based on the interview quotes (Appendix F), a total of 3 overarching themes, 9 main themes and 

39 sub themes were extracted across the interviews and based on the interviewees’ responses 

to the questions (Table 7.1), which helped to identify and quantify the themes. The questions 

covered in the interviews covered 3 main topic areas (BIM, KPIs, and both combined together), 

which are identified in the literature and align back to the research objectives. In reviewing those 

topic areas, 3 overarching themes have formed the basis of the main and sub themes that were 

identified (People, Process, and Technology). The topic areas, overarching themes, main and 

subthemes were covered across all the questions in the interviews, except question seven which 

is presented differently. The main themes include themes that were driven from the 3 

overarching themes, which contained a total of 9 main themes (3 main themes each for each 

overarching theme). The sub themes include themes which are linked to the main themes that 

were driven from the 3 overarching themes, which contained a total of 39 sub themes (13 sub 

themes each split amongst the 3 main themes identified for each overarching theme). The layers 

of categorisation includes 3 layers: 1) The overarching theme with the most total number of 

discussions (Process) was highlighted in blue (Main themes) and Light blue (Sub themes) which 

indicated more focus from the interviewees in discussions around the process, 2) The 2nd 

overarching theme with total number of discussions (Technology) was highlighted in yellow and 

light yellow, 3) The final overarching with a slightly less total number of discussions (People) was 

highlighted in green and light green. Figures 7.3-7.5 below illustrates the extraction of the themes 

from the open-ended questions, and presents the complete picture of the thematic analysis, 

which will then be detailed by each overarching theme to present the complete picture of the 

content analysis. 
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Figure 7.4 Interview thematic map (Technology) 

Figure 7.3 Interview thematic map (Process) 
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The next step of the analysis is to present the content analysis and combine this with the thematic 

findings. For this, the main and sub themes, along with a number of discussions are noted; these 

are formed as sentences that are compiled to generate sub themes and then linked back to the 

main themes, which are related back to the overarching themes. These were generated from 

NVIVO software, which was used to compile this data. The questions were a mix of open and 

close-ended and offered opportunities to agree/disagree with specific deliverables concerning 

BIM maturity assessments, KPI metrics, their linkages, and the potential benefits to emerge.  

Furthermore, a summary of the overarching, main, and sub themes will be delivered in terms of 

a description for each theme, interview quotes related to the presented themes, discussion 

outcomes, and the number and percentage of discussions by interviewees associated with these 

themes. This aims to show how much emphasis in the discussions was placed on the themes 

mentioned and how the interviewee responded to them. This aims to present discussions related 

to each sub theme, to outline how much the responses related to each sub theme, what the 

expected outcomes were from the discussions revolving around these themes, and the number 

and percentage of discussion linked to each theme. This helped demonstrate the most to the 

least commonly occurring. The number of discussions, which was based on the verbatim 

Figure 7.5 Interview thematic map (People) 
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transcripts from the semi structured interviews (Appendix F), were formed and measured as a 

compilation of sentences of direct quotes from the interviews, and key occurring discussions that 

starts to form a pattern of interesting and are vital to the research objectives were highlighted in 

bold. These are then linked to sub themes and a sequence of patterns deliver related topics, as 

this demonstrates a comprehensive meaning to what has been said and how it is linked to 

occurring sub themes. The same discussions could be repeated that delivers the same sub theme 

meaning or discussions from different interviewees could deliver the same essence and be 

similarly linked to sub themes. This emphasises the importance of considering the discussions 

qualitatively and quantitatively to demonstrate the frequency and number of occurrences of 

each theme.  This helps to recognise areas of strength and weakness (i.e. repetition of sentences 

about the lack of training suggests that there are issues to do perceived knowledge and 

competence. The repetition of sentences about existing BIM knowledge demonstrates a good 

level of BIM knowledge). An initial draft of the identified main and sub themes and the number 

of discussions, which are based on the verbatim transcripts (Appendix F) and related to each 

theme, are presented (Figure 7.6). 

 

Having outlined the mechanism to present the thematic and content analysis, the extraction of 

main and sub themes, the number of discussions (Figures 7.3-7.5), and the list of questions (Table 

7.1), the next section will deliver detailed outcomes on the open-ended questions which will help 

to shape the extracted overarching, main, and sub themes. 

Figure 7.6 Main and sub theme grouping and the number of discussions from the interview findings 
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7.3.5 Quantifying the Overarching, Main, and Sub themes 
 

After presenting the complete themes, this section presents the detailed findings for each main 

and sub theme, which were driven by the extraction of the 3 overarching themes. A total of 3 

overarching themes, 9 main themes, 39 sub themes, and 489 discussions were identified based 

on the interviewee discussions on BIM maturity and KPI metrics and how they can be linked 

together and used in the qualitative analysis. Table 7.7 presents a complete list of the content 

analysis that shows the breakdown of the themes. 

 

The next sub sections will present the main and the sub theme findings in relation to the 

overarching themes. 

Table 7.7 Summarised list of identified BIM/KPI themes 
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7.3.5.1 Process 

 

The overarching theme with most discussions related to was Process. In the context of this 

research, Process is defined as the techniques and ways of how is BIM being implemented 

through the usage of a number of tools and assessments. Hence, the main and sub themes would 

be linked to Process based on the existing BIM standards, and the data used to implement a 

number of presented KPIs on projects. As a result, there are 3 main themes, 13 sub themes, and 

a total of 190 discussions related to the sub themes that have emerged and were linked to 

Process as a primary overarching theme, and based on the interview questions (Sections 7.2.1-

7.2.2) and the verbatim transcripts (Appendix F). The themes have been quantified to rank them 

based on the number of discussions. The 3 main themes rank order based on the number of 

discussions are: 1. Existence of BIM and KPI standards and self assessments across 

organisations (88 discussions), 2. Data and information transfer with BIM and KPIs (53), and 3. 

Benefits of integrating BIM and KPIs together (49). The 13 sub themes linked back to the main 

themes and their related discussions will be discussed in more details in the subsequent sections.  

1. Existence of BIM and KPI standards and self assessments across organisations 

 

A total number of 88 discussions have been linked to this main theme, which was the most theme 

in relation to Process. This theme discusses topic areas related to a number of BIM maturity and 

KPI standards, assessments and certifications that have been adopted across different 

organisations. Under this theme, 5 sub themes emerged and linked to their number of 

discussions after being compiled with the verbatim transcripts. Based on the overall sub themes, 

the ranking and overall outcomes of the sub themes were as follows (in descending order):  

1.1 Level 2 BIM and KPI protocols and standards according to BS standards (Outlining a number 

of standards that comply to the BS standards and Level 2 BIM); This was the most prevalent 

sub theme to this main theme which had a total of 30 discussions amongst all interviewees 

representing 34% of the total discussions related to this theme. Discussions related to this 

sub theme focused on adoption of BIM standards across practice. Key discussions noted by 

the interviewees are highlighted in bold which focuses on what were the standards being 

adopted. Those are as follows:  

“Auditing and conducting checks on whether the folders and files are BS1192-2 compliant or not.” 
(Interviewee I02). “It started with the aim to achieve BIM level 2, and there are all the strategic and 

BIM implementation workflows in place and implementing it in our projects.” (Interviewee I04). “BIM is 
about the feed for these buildings, it’s about managing them and looking forward and looking after 

them. So, you are building right, so you can manage it right, and maintain right going forward.” 
(Interviewee I08). “As a practice, we work on the PAS1192-2, information management structures and 
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BIM structures. The firm has their own BIM guidelines and they are based on PAS1192.” (Interviewee 
I11). “In terms of adoption with standards, we’re getting on top of it, coming to the end of finalising 

our standards and protocols which adopt all the BS standards and the PAS documents.“ (Interviewee 
I14). “We are trying to implement the standards, our documentation has been reconfigured to BS1192 

compliant, and we are pushing this to make all our projects consistent.” (Interviewee I15). 
 

1.2 Usage of BIM metrics to achieve minimum Level 2 BIM (Implementing a number of BIM 

metrics that meets the minimum Level 2 BIM requirements); This theme had a total of 20 

discussions amongst all interviewees representing 23% of the total discussions related to this 

theme. Discussions related to this sub theme focused on the usage of a number of BIM 

maturity metrics that meets the Level 2 BIM requirements. Key discussions noted by the 

interviewees which focuses on what were the BIM maturity metrics implemented to achieve 

Level 2 BIM are as follows:  

“Creation of all the documents required to be Level 2 BIM compliance, all the capability assessments, 
protocols, BIM execution plans template, as well as project execution plan template.” (Interviewee 

I02). “The own assessment is about the periodic reviews of the project practice, there is the BIM 
Execution Project templates and BIM Execution Plan templates, and there is the BIM information 

protocol, which outlines the practice’s procedures and how they proceed with training and 
developments and the speed on BIM projects.” (Interviewee I11). “I think what we’ve done is we’ve 

developed the BIM EIRs…… BEP will be used to a high level” (Interviewee I12). “We have Master 
Information Delivery Plan, for the projects, we have our Task information delivery plans on every 

Workstage of the job.” (Interviewee I13). “I suppose we just try to follow the BEP as part of our self-
assessment. I suppose what will be the Mark Bew’s triangle about Level 2 BIM, which includes 

everyone working in every 3D environment, that clash detections that coordination and in also the kind 
of COBie requirements, the Employers Information Requirement would feed into the model, and the 
output is the COBie data in the end. We are following the Information Delivery Cycle, but nothing on 

with assessment.” (Interviewee I14).  

 
1.3 Delivery of Level 2 BIM related certifications (The delivery of certifications related to Level 2 

BIM for practitioners to be certified on Level 2 BIM); This theme had a total of 18 discussions 

amongst all interviewees representing 20% of the total discussions related to this theme. 

Discussions related to this sub theme focused on the delivery of and the need for BIM 

certifications that meets the Level 2 BIM requirements. Key discussions noted by the 

interviewees which focuses on what were the type of certificates awarded and delivered to 

achieve Level 2 BIM are as follows:  

“We developed our internal formal one, and we use our own one” (Interviewee I01). “The practice is 
much more BIM integrated, so that office leads the BIM journey. They have BRE BIM certification.” 

(Interviewee I11). “As a practice, we are in a process of going through a BIM level 2 certification 
ourselves.” (Interviewee I13).  

 

1.4 Self assessments to measure BIM and KPI adoption (The usage of a number of assessments 

related to the adoption of BIM and KPIs); This theme had a total of 13 discussions amongst 

all interviewees representing 15% of the total discussions related to this theme. Discussions 
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related to this sub theme focused on the usage of a number of self assessments that would 

measure the adoption of Level 2 BIM and KPIs. Key discussions noted by the interviewees 

which focuses on what were the self assessments used within practices to measure the 

adoption of BIM and KPIs are as follows:  

“Resources, software and organisation BIM maturity questionnaire… We have 3 forms, looked at the 
Penn state, and ARUP and different maturities and we are working with contractors such as Morgan 

Sindall, b & K, to develop a tool that actually makes sense, because some of the questions that come out 
of the Penn state questionnaire, does not make sense.” (Interviewee I02). “Looking at and how to 

create internal checklist, so I am doing it based on my experience in the industry…. There is no 
awareness or knowledge on Level 2 BIM maturity assessments (i.e. Penn state, ARUP).” (Interviewee 
I03). “What we use now is documentation within the EU BIM Handbook and the EU BIM assessment is 

very good. The website where you can get addition information about it and it is considered as the 
nearest maturity assessment is (http://www.eubim.eu/handbook/). It covers a way of implementing 

BIM, so the things you need to put in place as a process to make the implementation.” (Interviewee I09). 
“The own assessment is about the periodic reviews of the project practice…. PQ Questionnaires + BIM 
Information policies & Review of BEP. Pre- Qualifications, Investigated NBS BIM Toolkit” (Interviewee 
I11). “We work with clients to develop their BIM maturity assessment.” (Interviewee I13). “I suppose 

we just try to follow the BEP as part of our self-assessment.” (Interviewee I14). 

 
1.5 Level 2 BIM standards introduced amongst stakeholders (The implementation of Level 2 BIM 

standards amongst users within practices); This theme had a total of 7 discussions amongst 

all interviewees representing 8% of the total discussions related to this theme. Discussions 

related to this sub theme focused on the Level 2 BIM standards that needs to be introduced 

and educated to clients to meet their working practices needs in relation to Level 2 BIM. Key 

discussions noted by the interviewees which focuses on the need to educate clients on BIM 

and driving their Level 2 BIM requirements are as follows:  

 “We are seeking the delivery of BIM level 2 while having all the processes and documentation in place.” 
(Interviewee I04). “We say to them you must provide us with BIM documents to cover Level 2 

standards” (Interviewee I05). “In the minute its more of overload projects, where we get information 
on BIM and BIM level 2.” (Interviewee I06). “We are educating the client on BIM, and there is an eager 

to implement and be compliant with Level 2 BIM according to the UK government mandate”. 
(Interviewee I07). 

 
Table 7.8 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold.  

http://www.eubim.eu/handbook/
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2. Data and information transfer with BIM and KPIs 
 

A total number of 53 discussions have been linked to this main theme. This theme discusses topic 

areas related to how the related BIM and KPI information will be transferred within practices and 

the importance of sharing the data. Under this theme, 4 sub themes emerged and linked to their 

number of discussions after being compiled with the verbatim transcripts. Based on the overall 

sub themes, the ranking and overall outcomes of the sub themes were as follows:  

2.1 Collaboration and Sharing (Importance of sharing data within practices and enabling 

collaboration amongst users); This was the most prevalent sub theme to this main theme 

which had a total of 20 discussions amongst all interviewees representing 38% of the total 

discussions related to this theme. Discussions related to this sub theme focused on the 

importance of sharing BIM data and collaboration between users within practices. Key 

discussions noted by the interviewees are highlighted in bold which focuses on how users 

collaborated and shared BIM data across practices. Those are as follows:  

“In terms of the EIRs, sharing and collaboration, definitely we are using those because we’re trying 
to ensure that the design team collaborate and talk to each other” (Interviewee I05). “The other 
thing is the collaborative approach, you have people like ARUP who did work with the MoJ and 

creating their Learning, which is a key strength.” (Interviewee I12).  
 

2.2 External sources used to ease data and information transfer (Importance of using and 

existence of external sources to support information delivery and ease the information 

Table 7.8 MT1 Existence of BIM and KPI standards and self assessments across organisations 
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transfer); This theme had a total of 19 discussions amongst all interviewees representing 36% 

of the total discussions related to this theme. Discussions related to this sub theme focused 

on the importance of having external sources in place that could be used to support the 

information delivery and ease the transfer of information and data related to BIM and KPIs 

amongst users. Key discussions noted by the interviewees which focuses on what are the 

different types of sources that existed are as follows:  

“We are thinking about it, and we do have an insight system (Internal developed tool).” (Interviewee 
I01) “The KPI template sets up what we have from a modelling perspective.” (Interviewee I01). “What 

we use now is documentation within the EU BIM Handbook.” (Interviewee I09). “The SHARING, and the 
information that could be extracted; clash detection, getting FM team on an earlier stage of the 

project” (Interviewee I07). “The more mature the BIM model, if it’s in the green column, will give you 
better data to analyse to get more accurate KPIs” (Interviewee I10). “They get a model or a series of 

models that is easier to federate and easier for them to work with.” (Interviewee I14). 
  

2.3 Capability to extract and / or deliver data (Ability to extract complex data and deliver the 

data on time); This theme had a total of 9 discussions amongst all interviewees representing 

17% of the total discussions related to this theme. Discussions related to this sub theme 

focused on the ability to deliver data related to BIM models and extract COBie data from 

those models. Key discussions noted by the interviewees which focuses on how data would 

be extracted from models and delivered are as follows: 

 “The guys who are saying yes, we can deliver that and deliver on time, I know they will get the job on 
the next scheme…..COBie has to be extracted out of this model…..They need to ensure they can deliver 

in revit” (Interviewee I02). “There are internal QA procedures. Adapting the internal QA procedures 
with previous processes. Cultural Digital Construction.” (Interviewee I03). “We are working to put the 

BIM requirements in the contracts and works information. We have good information requirements for 
the data…..We are defining COBie structure, in choosing and locating things” (Interviewee I15).  

 

2.4 Redevelopment of data and information based on existing (To either redevelop based on 

existing BIM data or to self-develop data based on existing tool and experience); This theme 

had a total of 5 discussions amongst all interviewees representing 9% of the total discussions 

related to this theme. Discussions related to this sub theme focused on the ability to develop 

additional BIM data based on existing information that would depend on self-development 

and experience. Key discussions noted by the interviewees which focuses on how the existing 

data would be redeveloped based on experience are as follows: 

“We don’t use anything that is produced by somebody else, we would look at all of them and make our 
version on it” (Interviewee I01). “There is no formal QA procedure, so I am looking to develop that at the 
moment and I am basing it very loosely in terms of the model correctness, basing it on the AEC protocols” 
(Interviewee I03). “The delivery method tends to be the same, whether its design build or in house, so we 
elaborated on this and used it to develop our own strategy.” (Interviewee I05). “What we’ve done is 
we’ve developed the BIM EIRs where there were gaps.” (Interviewee I12).  
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Table 7.9 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold.  

 

3. Benefits of integrating BIM and KPIs together 
 

A total number of 49 discussions have been linked to this main theme. This theme discusses topic 

areas related to the benefits that expects to emerge from linking BIM and KPIs together. Under 

this theme, 4 sub themes emerged and linked to their number of discussions after being compiled 

with the verbatim transcripts. Based on the overall sub themes, the ranking and overall outcomes 

of the sub themes were as follows:  

3.1 Enhancing the delivery of BIM models to the KPI outcomes (How the delivery of BIM models 

can support the outcomes of KPIs); This was the most prevalent sub theme to this main 

theme which had a total of 16 discussions amongst all interviewees representing 33% of the 

total discussions related to this theme. Discussions related to this sub theme focused on how 

if the delivery of BIM models would be enhanced to reflect on the KPI outcomes being 

represented as a benefit of linking BIM and KPIs together. Key discussions noted by the 

interviewees are highlighted in bold which focuses on how enhancing the delivery of BIM 

models would impact on the KPI outcomes. Those are as follows:  

Table 7.9 MT2 Data and information transfer with BIM and KPIs 
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“Because you can measure your BIM maturity through the KPIs and improve your BIM maturity based 
on the KPIs that you established.” (Interviewee I04). “In the perspective of BIM, we are more focused on 

outcomes rather than anything else. We do see an element of KPIs around cost being measured.” 
(Interviewee I09). 

 

3.2 Enhanced capabilities and reduction of time (Using BIM and KPIs would enhanced 

capabilities and reduce overall time as benefits to reflect on users); This theme had a total 

of 14 discussions amongst all interviewees representing 29% of the total discussions related 

to this theme. Discussions related to this sub theme focused on how using BIM and KPIs 

together would reduce overall project time, would reflect positively on clients and enhanced 

their capabilities. Key discussions noted by the interviewees which focuses on how using BIM 

and KPIs together would reduce overall time and enhance their capabilities are as follows:  

“Where you monitor capabilities rather than maturity, and it should be down in the individual level.” 
(Interviewee I01).“Because you can measure your BIM maturity through the KPIs and improve your BIM 
maturity based on the KPIs that you established.” (Interviewee I04). “Clients are looking for the Return 
On Investment (ROI)… Getting FM team on an earlier stage of the project”. (Interviewee I07). “In the 
perspective of BIM, we are more focused on outcomes rather than anything else. We do see an element 
of KPIs around cost being measured… Capabilities would be here, and the way of getting the benefits; 

in terms of outcomes we are using things like BIM uses.” (Interviewee I09).  
 

3.3 Improved collaboration and quality (Collaboration and quality of BIM models to be 

improved as a result of linking BIM with KPIs); This theme had a total of 10 discussions 

amongst all interviewees representing 20% of the total discussions related to this theme. 

Discussions related to this sub theme focused on how linking BIM with KPIs would improve 

collaboration and quality, enhance productivity, improve profitability and sustainability, and 

reduce cost certainty and risk. Key discussions noted by the interviewees which focuses on 

how linking BIM with KPIs together would improve overall BIM model quality and enhance 

collaboration and productivity are as follows: 

People don’t see the benefits of what BIM is about, in the collaboration within the team and the 
organisation. What information could be extracted, and for the benefits of the clients.” (Interviewee 

I07). “We believe its processes will improve collaboration, coordination and quality with BIM in terms 
of in the design, procurement and management of buildings and infrastructure.” (Interviewee I11). 

“Collaborating with the rest of the design team, it will reduce the time upfront”. (Interviewee I14). 
 

3.4 KPI outcomes to improve BIM processes (The outcomes of KPIs (i.e. Productivity) would 

enhance the overall BIM processes); This theme had a total of 9 discussions amongst all 

interviewees representing 18% of the total discussions related to this theme. Discussions 

related to this sub theme focused on adopting BIM to enable the linkage, using BIM to 

improve design and production quality and linking it with KPIs, and comparing BIM maturity 

and KPI metrics. Key discussions noted by the interviewees which focuses on how the 

outcomes of KPIs would improve the overall BIM process are as follows: 
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“If you’re not capable of delivering something (BIM), then it will affect the cost of the delivery and maybe 
the time and might affect the overall quality (KPIs)” (Interviewee I02). “Depending on your BIM 

maturity, it will affect the KPI.” (Interviewee I03). 
 

Table 7.10 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold. 

 

Having discussed the findings of Process, its main and sub themes along with the discussion 

related, the next section will discuss the findings related to Technology. 

7.3.5.2 Technology 
 

The next overarching theme with fewer discussions than Process was Technology. In the context 

of this research, Technology is defined as the various applications related to the existence and 

number of tools, models, software, etc… when dealing with BIM/KPIs. Hence, the main and sub 

themes would be linked to Technology based on the existing models, tools, software and related 

BIM and KPI applications that exist within practices. As a result, there are 3 main themes, 13 sub 

themes, and a total of 158 discussions related to the sub themes that have emerged and were 

linked to Technology as a primary overarching theme, and based on the interview questions 

(Sections 7.2.1-7.2.2) and the verbatim transcripts (Appendix H). The themes have been 

quantified to rank them based on the number of discussions. The 3 main themes rank order based 

on the number of discussions are: 1. Information and technological related challenges to the 

adoption of BIM and KPIs (76 discussions), 2. Digitisation and Technology (55), and 3. Project 

Table 7.10 MT3 Benefits of integrating BIM and KPIs together 
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delivery through BIM and KPIs and use of information (27). The 13 sub themes linked back to 

the main themes and their related discussions will be discussed in more details.  

1. Information and technological related challenges to the adoption of BIM and KPIs 
 

A total number of 76 discussions have been linked to this main theme, which was the most theme 

in relation to Technology. This theme discusses topic areas related to a number of technological 

challenges that existed and has affected the adoption of BIM maturity and KPI metrics. Under 

this theme, 6 sub themes emerged and linked to their number of discussions after being compiled 

with the verbatim transcripts. Based on the overall sub themes, the ranking and overall outcomes 

of the sub themes were as follows (in descending order):  

4.1 Reconsideration of the delivery of existing information and deficiency in work delivery (The 

need to redevelop information and existence of rework and work overload); This was the 

most prevalent sub theme to this main theme which had a total of 22 discussions amongst all 

interviewees representing 29% of the total discussions related to this theme. Discussions 

related to this sub theme focused on existing work deficiencies such as work overload and 

the need to redevelop existing information resulting in rework. Key discussions noted by the 

interviewees are highlighted in bold which focuses on what are the problems that existed 

and resulted in work deficiency and the need to reconsider the delivery of existing 

information. Those are as follows:  

“If you don’t have the database, then your kind of screwed….“They don’t know how to deliver a COBie 
deliverable….The 1st time they are going to issue the design + information, most likely will be incorrect, 
so that affects the quality of the work, because it is not correct, so we will tell them its not correct. You 
will have to correct it, and that will affect the time scales, so it all links but its their initial cost that they 
have to invest in training themselves, Quality and Time.” (Interviewee I02). “You don’t know what you 

don’t know. So if you don’t know it’s there, then you won’t know when & where to look for it.” 
(Interviewee I03). “There is a problem with the network, it has been upgraded, the servers have been 
upgraded, but the way it was set up, it wasn’t set up for any graphics to run on any program, and as 

soon as we started putting our BIM models in it, the network is slowing down…We have a much bigger 
workload, we have a much wider base of clients who have different requirements, so sometimes when 

we look for a resource in person, it doesn’t necessarily mean that what’s in market place is what we 
want.” (Interviewee I05). “No EIRs, CDEs, we are struggling with the electronic communications. We are 
still in the old-fashioned emails, so as a practice, we don’t use proper information transfer methods, BIW 
conject.” (Interviewee I08). “We are not mandated to Level 2 BIM, but we are technically mandated…. 

We have not done major assessments, because we only had in deficiencies.” (Interviewee I15). 
 

4.2 Excessive information, Snapshot of time, and excessive high cost technology (Excessive data 

given to users, Assessments given that are currently valid at but could be outdated in the 

future, High cost associated with absence of BIM technology and market fluctuating); This 

theme had a total of 15 discussions amongst all interviewees representing 20% of the total 

discussions related to this theme. Discussions related to this sub theme focused on excessive 
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data given to users that consumes too much time, outdated assessments being provided and 

information being snapshot of time in the future, and high cost associated with BIM 

technology resulting in market fluctuations. Key discussions noted by the interviewees which 

focuses on the existing problems associated with excessive data given, outdated assessments 

being given and high costs as a result of the absence of BIM technology are as follows:  

“In a small company, it is very difficult to spend time creating extra procedures in addition to the 
normal procedures, such as making sure we’ve got all the BIM or KPI documentation”. (Interviewee 
I03). “So that being the case and being more than 50% of the workload that we currently have, we 

haven’t elected to pursue BIM in any great detail.” (Interviewee I05). “Ultimate drawback to BIM is the 
cost and the software technology. There isn’t the technology to implement BIM, so they had to invest a 
huge amount on the technology to enable them to implement BIM.” (Interviewee I07). “The problem 

with that kind of benchmark is the market fluctuates. So it’s difficult to know where the cost went down 
or no, because of BIM or the market”. (Interviewee I09). “If we do very strict EIRs, if we did them back 2 

years ago, they will be outdated now. And if we did it now, it will outdate in 2 years’ time…..My 
conclusion was you can’t close them because if you close them, then that’s going to be a snapshot of 

time, 2017-2019” (Interviewee I12). “People started throwing BIM maturity assessments that were like 
of going out fashioned…..There is no point in giving them useless information that will not help them 

with maintenance, its got to meet the information provided isn’t it.” (Interviewee I13). 
 

4.3 Lack of awareness/knowledge/availability of data (Absence of available assessments and 

data across organisations); This theme had a total of 14 discussions amongst all interviewees 

representing 18% of the total discussions related to this theme. Discussions related to this 

sub theme focused on the absence of assessments for users to understand BIM maturity, and 

not being able to adopt Level 2 BIM within practices, although having some awareness with 

Level 2 BIM. Key discussions noted by the interviewees which focuses on the issues that deal 

with an absence of understanding Level 2 BIM and no availability with BIM assessments 

across practices are as follows:  

“There is no awareness or knowledge on Level 2 BIM maturity assessments (i.e. Penn state, ARUP). I 
don’t think it is widely known, and not necessary known within the industry” (Interviewee I02). There are 

many tools but is not widely known within the industry and limited knowledge on the assessments 
taught in the institutions (Interviewee I03). “There is no BIM maturity assessment alternative in place” 
(Interviewee I04). “They heard about the government mandate on BIM, but there was no strategy in 

place” (Interviewee I07). “We’ve not got clear EIRs, we don’t have clear CDE, and we’re still doing as it’s 
something that the contractor should do. We’re just not there. That’s why I said people are obsessed 

with that part” (Interviewee I08). “So, we are aware of the Level 2 BIM government mandate, but it 
was never used in our projects…..I don’t know much about BIM” (Interviewee I10).” We haven’t 

developed an assessment tool ourselves.” (Interviewee I13). “We have not done any assessments yet, 
bear in mind that there is no one in house who’s got the time to do the assessment, because it’s just 

myself and some others who is driving the business requirements on projects….” (Interviewee I14). “We 
don’t have internal KPIs, not yet. It is not established enough” (Interviewee I15). 

 
4.4 Usage of complicated models and security of data (Being unable to deal with highly 

developed models, and security concerns with data storage and limited data server 

availability); This theme had a total of 12 discussions amongst all interviewees representing 
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16% of the total discussions related to this theme. Discussions related to this sub theme 

focused on absence of models related to BIM and not being able to deal if they are in place, 

and security concerns with the data storage related to BIM models. Key discussions noted by 

the interviewees which focuses on the issues on dealing with existing BIM models and the 

security concerns on those models are as follows:  

“So, anything we want to implement, in terms of software, getting that computer set up, making sure 
the network is capable of running all these things, takes us a long time….It’s very difficult when we 
have a model with lots of BIM information to convince people that this is what you need and putting 

your fingers on any kind of bits of information on this building…..If we don’t allow that for now then we 
can’t add it….We have a limit on what we can store on our network servers, to be secure. This is another 
strand, which is security.” (Interviewee I05). “The problem is as you produce these models in an infinite 

detail, you scared that with the IT department, how many amounts of data you need to design and 
manage the 3D” (Interviewee I08). “It’s difficult to do so, we have to think about things in advance, …. 
The main focus on it is that yes they will do the model for clash detection, but we said that we will never 
amend that model.” (Interviewee I10). “Whether any of the Facilities Management teams across the UK 
end up using the information that we got into the models the very minute, I doubt it.” (Interviewee I14). 
 

4.5 Challenges affecting KPIs (Unable to benchmark and measure KPIs); This theme had a total 

of 7 discussions amongst all interviewees representing 9% of the total discussions related to 

this theme. Discussions related to this sub theme focused on not being able to benchmark a 

list of standardised KPIs and measuring them, which is the main aim set for this research on 

providing a list of standardised list of KPIs to be measured against BIM maturity to reflect 

back on the UK client sector. Key discussions noted by the interviewees which focuses on the 

absence of a standardised list of KPIs and difficulties in measuring them are as follows:  

“No formal KPIs, the KPIs are not measured.” (Interviewee I03). “How we apply the KPIs is very 
simplistic, and is it cheaper? On budget? Have you had any accidents? So we are not measuring what 
impacts the KPIs or what drives the KPIs.” (Interviewee I08). “The challenges is the number of other 

factors that could affect the KPIs, because we don’t have that kind of laboratory conditions.” 
(Interviewee I09). “It’s only if it doesn’t come out of the KPIs, at the end of it, then you can say its by that 
point that they already lost you millions of pounds through inefficiencies in terms of process delivery and 

management on any project.” (Interviewee I13).  
 

4.6 BIM and KPI project delivery differences and engagement (Difficulties in linking and 

measuring BIM and KPIs and absence of engagement with project delivery); This theme had 

a total of 6 discussions amongst all interviewees representing 8% of the total discussions 

related to this theme. Discussions related to this sub theme focused on difficulties associated 

with linking and measuring BIM maturity and KPI metrics, which again is the main aim 

assigned for this research in establishing a mechanism on how can BIM maturity and KPI 

metrics be linked, and no engagement with the delivery of projects. Key discussions noted by 

the interviewees which focuses on the difficulties that existed within linking BIM maturity 

and KPI metrics and the difficulties for them to be measured are as follows:  
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“But whether it links with the BIM and that side of it, that’s what we’re focusing on and I’d say not 
really.” (Interviewee I06). “KPIs are covered within the organisation but has to do nothing with BIM, a 

set of processes set within the organisation standards.” (Interviewee I07). “We are looking at the 
traditional KPIs, traditional building industry KPIs, (Time, Cost, Quality, Health and Safety), and BIM is 
detached.” (Interviewee I08). “I think all BIM related KPIs are difficult to measure, cost is probably the 

easiest, but it’s still difficult because you don’t do 2 identical projects, one with BIM and one without, and 
look at cost’s implications….The 1st question is probably the hardest for me to answer because we’re not 

directly engaged on project delivery as such.” (Interviewee I09). 
 

Table 7.11 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold.  

Table 7.11 MT4 Information and technological related challenges to the adoption of BIM and KPIs 
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2. Digitisation and Technology  
 

A total number of 55 discussions have been linked to this main theme. This theme discusses topic 

areas related to the existence of advanced technology and the utilisation of existing software. 

Under this theme, 4 sub themes emerged and linked to their number of discussions after being 

compiled with the verbatim transcripts. Based on the overall sub themes, the ranking and overall 

outcomes of the sub themes were as follows:  

5.1 Existence of advanced technology (Digital engineering and digital technologies that 

enhanced implementation of BIM); This was the most prevalent sub theme to this main 

theme which had a total of 20 discussions amongst all interviewees representing 36% of the 

total discussions related to this theme. Discussions related to this sub theme focused on the 

existence of advanced technology such as digital technologies that enables a more rapid 

adoption of BIM across practices. Key discussions noted by the interviewees are highlighted 

in bold which focuses on what are the existing technologies that enhances the levels of 

adoption with BIM across practices. Those are as follows:  

“It’s fundamentally we go to work, it is not digital technology and not necessary using the Level 2 BIM 
process, but we use digital technologies with models.” (Interviewee I01). “In terms of documentation, it 

will be based on technology more, because there is a lot out there to make sure we are compliant…..In 
terms of documentation, it will be based on technology more, because there is a lot out there to make 

sure we are compliant” (Interviewee I03). “Basically it revolves around GeoSpace awareness, the 
spaces required for materials, so when tendering takes place, we know how much” (Interviewee I05). 
“Digital engineering in the company I work for, we have 4 key drivers of our unique selling point, and 

digital engineer is one of the things that enable everything in the business” (Interviewee I06). “BIM is 
very much based on the technology, even if you know the technology, there needs to be a good level of 
understanding on what the technology could be done” (Interviewee I07). “What I know, is it was used 
for clash detection; we are aware of that, but it’s more of a construction phase.” (Interviewee I10).  

 

5.2 Project success measured through BIM technology and KPIs (BIM as a process, KPIs as a 

measure of success, and BIM and KPIs to achieve project success); This theme had a total of 

13 discussions amongst all interviewees representing 24% of the total discussions related to 

this theme. Discussions related to this sub theme focused on how BIM maturity and KPIs are 

being approached within practices (i.e. BIM as a process, and KPIs as a measure of success) 

and how both together achieve overall project success, which is the main aim of this research 

in having a list of standardised BIM maturity and KPI metrics that aims to measure and 

monitor overall project success. Key discussions noted by the interviewees which focuses on 

how BIM maturity and KPIs are being approached to measure project success are as follows:  

“BIM is how we manage and run the job, KPIs are how we measure the success, to do with the 
measuring and the monitoring” (Interviewee I08). “There is a standard set of Level 2 BIM criteria that 

are required for a Level 2 BIM project in the UK. So they are the criteria that we will work to if the client 
says they want it to be Level 2 BIM. In terms of using data database modelling, agreed depth levels of 
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details definition and information, Using PAS1192 – 2 and 3, and specifically PAS1192 – 2 to make sure 
our processes of passing data around are in accordance with that……We’ve developed standard asset 

information sheet for documenting that as part of our briefing process. So they have a set of asset 
information with sort of individual type of object that they have in a building, and what sort of 

information do you want us to provide at the end of the project about each asset.” (Interviewee I13). 
“There are existing projects which had BIM requirements for level 2 BIM” (Interviewee I15). 

 

5.3 Software Demand (The need to provide a software delivery to clients (i.e. COBie, Revit); This 

theme had a total of 12 discussions amongst all interviewees representing 22% of the total 

discussions related to this theme. Discussions related to this sub theme focused on the need 

to utilise existing software (i.e. revit) to the clients as part of project requirements. Key 

discussions noted by the interviewees which focuses on the need to deliver software to 

clients for achieving requirements of projects are as follows:  

“Specific examples, you say the organisation is using a tool (inventor) or Autocad (3D)…..You are asking 
for BIM deliverable, which is a federated model, so they can still provide a 3D model” (Interviewee I02). 

“The disciplines work together to use the BIM tools (software). BIM is considered as a software“ 
(Interviewee I07). “We use our model not just for construction detailing or preparation of construction 
information but goes out on 3rd party pieces of software for rendering, for legalisation, for interactive 
walk through using BIM 360…..We’ve been using Revit for the last 10 years, as a piece of software” 

(Interviewee I13). “We are using revit as a tool……A lot of clients go, yes give us COBie” (Interviewee 
I14). “COBie is delivered to date” (Interviewee I15).  

 

5.4 Systems linked to a database (Importance of recording data into a database); This theme 

had a total of 10 discussions amongst all interviewees representing 18% of the total 

discussions related to this theme. Discussions related to this sub theme focused on the 

importance of having a database in place that records the data given to projects and how the 

management of these database will help manage project systems in practices. Key 

discussions noted by the interviewees which focuses on the having a database in place to 

record project data within them are as follows:  

“So we made the forms quite clear so people can fill it out and we could record their answers in their 
databases” (Interviewee I02). “The model linked to a database essentially….. We go back to trade staff 
and someone orders the database, and we have it integrated with our CaFM system……When you click 
on the database, it will take you somewhere around, and I think that will be a great thing because we 

will change the database, because we can import and change the database, so even if the model might 
not be up to date, but the database will be and we can keep up to date…..All our trade staff have a 
tablet, if they are going somewhere or a job does pop up, can quickly get it from the database….Can 

order it from the tablet, it’s that sort of integration of the database (Interviewee I10). 
 

Table 7.12 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold. 
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3. Project delivery through BIM and KPIs and use of information 
 

A total number of 27 discussions have been linked to this main theme. This theme discusses topic 

areas related to the generation of a list of KPIs, and the tools related to BIM maturity and KPIs 

used for projects delivery. Under this theme, 3 sub themes emerged and linked to their number 

of discussions after being compiled with the verbatim transcripts. Based on the overall sub 

themes, the ranking and overall outcomes of the sub themes were as follows:  

6.1 Tools used to review delivery of Level 2 BIM projects (Methods to support project delivery); 

This was the most prevalent sub theme to this main theme which had a total of 20 discussions 

amongst all interviewees representing 74% of the total discussions related to this theme. 

Discussions related to this sub theme focused on the different tools and methods that existed 

and were used to support the delivery of projects. Key discussions noted by the interviewees 

are highlighted in bold which focuses on what are the existing tools that support the delivery 

of Level 2 projects and review them. Those are as follows:  

“I think its project based, its e-projects in time. We drive it on most of our live projects, the way we look 
to implement BIM and digital engineering.” (Interviewee I01). “An Audit of all the internal projects. 

Auditing and conducting checks on whether the folders and files are BS1192-2 compliant or not” 
(Interviewee I03). “There are pilot projects being done on 2 projects, to see if the workflows and BIM 

standards are in place or not” (Interviewee I04). “We have a means of auditing when that comes back 
in. If we issue information out in terms of variation on our instruction, then we have a means of 

recording that in terms of when, what was said. Those are a set of KPIs that we have” (Interviewee 

Table 7.12 MT5 Digitisation and Technology 
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I05). “Most of the maturity models I mentioned earlier are about project delivery and are quite tactical” 
(Interviewee I09). “We’ve got that kind of strategy in place when it comes with naming, standards, 

adoption of BS1192. All of the projects that will start new, 98% I would say are using revit, so always 
within that 3D environment” (Interviewee I14). “The issues lie on our ways of working. KPIs are far too 

much considered on Cost (Project cost) but they highlight on other issues” (Interviewee I15). 
 

6.2 KPIs generated and used on projects (New KPIs introduced and are based on organisational 

KPIs being used); This had a total of 4 discussions amongst all interviewees representing 15% 

of the total discussions related to this theme. Discussions related to this sub theme focused 

on what could be additional KPIs that could be generated to be used on projects, which would 

add to the current list of standardised KPIs. Key discussions noted by the interviewees which 

focuses on what could be the additional KPIs that would exist and add to the current list of 

KPIs are as follows:  

“I’m assuming there is KPIs that will come out of this, such as predictability, culture and collaboration, 
programmes and disputes. So the current ones are Profitability and Safety. I would imagine that 

sustainability will be, and this year it will be definitely in our KPIs” (Interviewee I15). 
  

6.3 BIM and KPI applications improved (Improved process, collaboration and coordination); This 

had a total of 3 discussions amongst all interviewees representing 11% of the total discussions 

related to this theme. Discussions related to this sub theme focused on how the adoption of 

BIM and KPI applications would result in collaboration and processes being improved. Key 

discussions noted by the interviewees which focuses on how the applications of BIM and KPI 

would improve current processes and coordination between project teams are as follows:  

“But to do that, we need to make sure that the processes are improved.” (Interviewee I06). “Improvement in 
Coordination through 3D Model, Clash detections & BIM Collaboration products.” (Interviewee I11). 

 

Table 7.13 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold.  

Table 7.13 MT6 Project delivery through BIM and KPIs and use of information 
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Having discussed the findings of Process, its main and sub themes along with the discussion 

related, the next section will discuss the findings related to People. 

7.3.5.3 People 
 

The final overarching theme with a fewer discussions than Process and Technology was People. 

In the context of this research, People is defined as the users approach with BIM maturity and 

KPIs, their levels of understanding and experiences with both and how they are implementing 

them within their practices. Hence, the main and sub themes would be linked to People based 

on the current understanding of the users with BIM maturity and KPIs and how it is being 

approached and implemented within practices. As a result, there are 3 main themes, 13 sub 

themes, and a total of 141 discussions related to the sub themes that have emerged and were 

linked to People as a primary overarching theme, and based on the interview questions (Sections 

7.2.1-7.2.2) and the verbatim transcripts (Appendix H). The themes have been quantified to rank 

them based on the number of discussions. The 3 main themes rank order based on the number 

of discussions are: 1. Users approach and understanding of BIM / KPI as a process (63 

discussions), 2. Social related issues to the usage of BIM and KPIs (60), and 3. Training and 

lessons learned (18). The 13 sub themes linked back to the main themes and their related 

discussions will be discussed in more details in the subsequent sections.  

1. Users approach and understanding of BIM / KPI as a process 
 

A total number of 63 discussions have been linked to this main theme, which was the most theme 

in relation to People. This theme discusses topic areas related to the existing knowledge of BIM 

maturity across users, how is the data shared amongst projects, the users levels of understanding 

with BIM maturity, and areas to enhance performance and experience of project team members. 

Under this theme, 5 sub themes emerged and linked to their number of discussions after being 

compiled with the verbatim transcripts. Based on the overall sub themes, the ranking and overall 

outcomes of the sub themes were as follows (in descending order):  

7.1 Variety of BIM knowledge amongst users (Variety of knowledge exists amongst practices 

and users); This was the most prevalent sub theme to this main theme which had a total of 

25 discussions amongst all interviewees representing 40% of the total discussions related to 

this theme. Discussions related to this sub theme focused on what current knowledge of Level 

2 BIM do the users already know and existing assessments that are being used within 

organisations. Key discussions noted by the interviewees are highlighted in bold which 



230 | P a g e  
 

focuses on how is Level 2 BIM being approached, the assessments that are used to measure 

BIM adoption, and the current understanding of BIM amongst users. Those are as follows: 

“There are around 20 things we measure against on every project. We measure it on a monthly basis 
on 20 different elements. A template of the KPIs and how it is being measured was provided….We 

developed our internal formal one, and we use our own one.” (Interviewee I01). “Looking at and how 
to create internal checklist” (Interviewee I03). “So the department has its business plan, and I have 1 

KPI, the business plan. Along the way to do that, I need to satisfy client on project by project versus….We 
don’t measure the department as KPI, but we measure the project in a KPI….I believe we are measuring 

[Time, Cost, and Quality], we’re measuring social value, we’re measuring Customer satisfaction” 
(Interviewee I08). “We are keen to see more emphasis put on whole life costing, because of being able 

to measure both forecast and whole life cycle cost” (Interviewee I09). “The firm has their own BIM 
guidelines and they are based on PAS1192” (Interviewee I11). “Some examples of that will be we’ve 

done in our recent project. That was the council’s first extension of a Level 2 BIM project…..So yes, part 
of our standard systems that we have is standard checklists, standards that we undertake under 1); at 

the end of every work-stage (the closeout) and 2); Client feedback survey” (Interviewee I13).  

7.2 BIM data shared between team members (Importance of sharing data amongst users and 

practices); This had a total of 15 discussions amongst all interviewees representing 24% of 

the total discussions related to this theme. Discussions related to this sub theme focused on 

the existing BIM data and how it is being shared amongst users, and the importance of sharing 

the existing BIM data to enable the adoption of Level 2 BIM. Key discussions noted by the 

interviewees which focuses on how BIM data was shared amongst users which reflects back 

to the adoption of Level 2 BIM are as follows:  

“But in terms of you are always looking at your clients EIRs for what they actually want, and we’ve got 
to tailor our service depending on what it is that the clients are actually asking for.” (Interviewee I13). 

“What we are doing is the project starts off from a client or a contractor point of view and its always 
like we’re going to do it to Level 2 BIM…..we find that the contractors and clients do try and drive the 
requirements of Level 2 BIM” (Interviewee I14). “Needing to know the specification of that element, it 

all comes down to the client coming up with what do you actually want” (Interviewee I13). 
 

7.3 Higher experience through continuous improvement and learning (The need for improved 

learning to enhance different levels of experience); This had a total of 11 discussions 

amongst all interviewees representing 17% of the total discussions related to this theme. 

Discussions related to this sub theme focused on the importance of improving learning and 

continuous improvement techniques associated with Level 2 BIM to enhance the levels of 

experiences amongst users. Key discussions noted by the interviewees which focuses on how 

the learning techniques would enhanced the levels of experiences within users are as follows:  

“I am doing it based on my experience in the industry….With BIM maturity, the more experience you 
have, the better you’ll perform” (Interviewee I03). “So, getting projects going back, which are starting 

to be BIM and building upon our BIM library information and experience using, manipulating and 
interrogating BIM models, so in terms of our maturity, we are doing it kind of a 3rd party through 

others.” (Interviewee I05). “They will learn, improve, and refine the way they work, they’ll be better 
because it’s the way they work…..The 1st BIM project that somebody does, their learning is a new way 
of working, and they won’t be as effective as the 2nd, 3rd or 4th project” (Interviewee I09). “We’ve got 
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to think that whatever we have to do, we do very strict EIRs , and we are adopting quite a collaborative 
approach to it” (Interviewee I12). “That’s never in the end when somebody goes, well actually have we 

achieved the outcome of this project which will fully Level 2 BIM compliant” (Interviewee I14).  
 

7.4 Enhanced understanding (Importance of good understanding and different ways to enable 

better understating amongst users); This had a total of 8 discussions amongst all 

interviewees representing 13% of the total discussions related to this theme. Discussions 

related to this sub theme focused on the various strategies related to enhanced 

understanding being achieved amongst users, and better performance resulting in improved 

levels of understanding. Key discussions noted by the interviewees which focuses on the 

different techniques used to enable better understanding amongst users are as follows:  

“At the moment, based on me understanding what is required, it’s not necessary about a set of formal 
documents…….The more mature you are in the process, the more you understand the process, the 
better you will perform…..With experience that people have on BIM maturity, it will enable better 

performance” (Interviewee I03). “Working on projects to develop a built in BIM, for example, we have 
EIR templates, trying to work with COBie, and we are getting some of the documents in place” 

(Interviewee I15). 
 

7.5 Performance enhanced through higher maturity (Enhancing maturity to allow better 

performance); This had a total of 4 discussions amongst all interviewees representing 6% of 

the total discussions related to this theme. Discussions related to this sub theme focused on 

ways to enhance maturity to allow better performance through management processes and 

higher experiences amongst users. Key discussions noted by the interviewees which focuses 

on the ways that could be implemented to enable higher maturity and improve the levels of 

performance amongst users within practices are as follows:  

“The design + information, most likely will be incorrect, so that affects the quality of the work, because 
it is not correct, so we will tell them its not correct. You will have to correct it, and that will affect the 

time scales, so it all links but its their initial cost that they have to invest in training themselves, Quality 
and Time”. (Interviewee I02). “I was asked to produce a strategy document which forecasts some 

milestones and how long it takes us roughly to a position where we could stand on our feet and deliver 
a full Level 2 BIM project, and I’d say that would take 5 years. Because we have to maintain not only our 

workload, but also this new skillset” (Interviewee I05). “There is a lot of talking and trying with this, 
they want to employ a BIM manager in the future, as we currently operate with Level 1.” (Interviewee 

I06). “Yes it gives you a greater appreciation, that could be done as a part of a management process 
throughout a project that would be ideal and enhance performance.” (Interviewee I11). 

Table 7.14 presents an overview of the sub themes linked to this main theme and the discussion 

outcomes linked back to the sub themes which have been detailed through the interviewee 

quotes and highlighted in bold. 
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2. Social related Issues to the usage of BIM and KPIs 
 

A total number of 60 discussions have been linked to this main theme. This theme discusses topic 

areas related to the industry being siloed resulting in BIM data not being shared amongst users, 

lack of experience and understanding amongst team members, project requirements not made 

clear to users and excessive time being wasted. Under this theme, 5 sub themes emerged and 

linked to their number of discussions after being compiled with the verbatim transcripts. Based 

on the overall sub themes, the ranking and overall outcomes of the sub themes were as follows:  

8.1 Lack of experience, data not shared amongst users, and project requirements not made clear 

to users (Less compliance and uneducated teams, Lack of data sharing amongst users and 

an inability to share COBie data, and Various requirements amongst different users and 

clients who do not know what they are asking for); This was the most prevalent sub theme 

to this main theme which had a total of 21 discussions amongst all interviewees representing 

35% of the total discussions related to this theme. Discussions related to this sub theme 

focused on Lack of experience amongst users which did not allow to measure BIM maturity 

and KPIs, the industry being siloed and not sharing data amongst one another, and clients not 

knowing what they are asking for. Key discussions noted by the interviewees are highlighted 

in bold which focuses on the current obstacles that resulted in lack of experience, data not 

being shared, and project requirements not being made clear. Those are as follows: 

Table 7.14 MT7 Users approach and understanding of BIM / KPI as a process 
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“We can’t deliver compliant COBie for instance.” (Interviewee I02). “People don’t necessary share in 
this industry….limited knowledge on the assessments taught in the institutions….The tool could be 

available online, but due to copyrights and restrictions might not be shared amongst practices” 
(Interviewee I03). “We have a much wider base of clients who have different requirements, so 

sometimes when we look for a resource in person, it doesn’t necessarily mean that what’s in market 
place is what we want.” (Interviewee I05). “But as far as being assessed by sharing the data, I’m not 
sure. (Interviewee I06). “Not all of the organisations are educated well enough” (Interviewee I07). 
“Because we’re not moving forward with BIM, and understanding what it’s doing and what it’s NOT 

doing for us, then we are not compliant to measure that impact.” (Interviewee I08). “We are very high 
in terms of our level, but we are working with lots of clients that are much of a lower level…..The other 

variable that’s a challenge, is people’s experience.” (Interviewee I09). “None of the people in the 
working environment have the necessary experience to enable them to use Revit to do the BIM model 
or change it.” (Interviewee I10). “Because in the end of the day, we find an awful lot of our clients don’t 
really know what they are asking for. Specially in terms of their asset information requirements at the 
end of the project.” (Interviewee I13). “They’ve actually talked to the client and said, do you actually 

need all of this?” (Interviewee I14).  
 

8.2 Cultural change to BIM/KPI and Lack of engagement- industry siloed (Cultural defects and 

change in organisations concerning approach and when dealing with Level 2 BIM and KPIs 

and Industry siloed, and teams not engaging together); This had a total of 12 discussions 

amongst all interviewees representing 20% of the total discussions related to this theme. 

Discussions related to this sub theme focused on cultural defects towards BIM maturity and 

KPIs, and industry being siloed resulting in people not collaborating together. Key discussions 

noted by the interviewees which focuses on the problems with collaboration amongst users 

and the existing defects in dealing with BIM maturity and KPIs are as follows:  

“The industry is siloed. Even with the work that is being done by the digital construction, it is still 
traditionally much siloed……In this context the culture within the organisation is to work with the 

cultural digital construction methodology.” (Interviewee I03). “Working in siloes, no one talks to the 
other, disciplines are segregated and don’t collaborate…..The mentality of not wanting to use the BIM 
in the future from all of the organisation due to lack of interest and Change management.” (Interviewee 
I07). “To get BIM level 2 compliant you need to be there, and your accounting here, but there is a bigger 

piece which is missing…..So many people think it’s the 3D, so few people think it’s the value on the 
future. We haven’t got a system that’s capable of managing this…. We actually know what’s missing at 

a real problem, but its communicating that.” (Interviewee I08). “I’m not yet seeing any contractor 
going back and saying this is the assessment and that was a Level 2 BIM project…..But these are 
projects in the private sector that don’t have an end user to in mind, there’s no EIR I suppose, and 

there’s no engagement in terms of who’s going to be writing the building.” (Interviewee I14). 
 

 

8.3 Capability challenges with existing data (Less capability existing amongst users); This had a 

total of 11 discussions amongst all interviewees representing 18% of the total discussions 

related to this theme. Discussions related to this sub theme focused on less people having 

capability to extract data, poor assessments amongst teams, limited people with knowledge 

on BIM, and less capability to deal with advanced technology. Key discussions noted by the 

interviewees which focuses on not having relevant capability to extract data, and users 

unable to complete assessments are as follows:  
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“We don’t assess ourselves enough. We assess the supply chain. We used to assess our teams more”. 
(Interviewee I01). “COBie has to be extracted out of this model, and they have no capability.” 

(Interviewee I02). “So, what we’re left with now are just limited number of people (2) who know 
about BIM, which is not enough to drive forward in an organisation this size in a big program” 

(Interviewee I05). “We’re a lot way short and being capable to run this” (Interviewee I08). “It’s not in 
any of our capabilities, we’re just a linked team involves FM and just a small number of our team is 

involved in the projects around the campus” (Interviewee I10). “There are just a few challenges with 
that point cloud.” (Interviewee I12). “I don’t think there is anything we’ve got within the organisation. I 
think we’re terrible with assessment, we’re very poor”. (Interviewee I14). “This reflects negatively on 

the working environment.” (Interviewee I15).  
 

8.4 Lack of understanding (Misunderstanding and assessments do not make sense); This had a 

total of 9 discussions amongst all interviewees representing 15% of the total discussions 

related to this theme. Discussions related to this sub theme focused on problems associated 

to understanding such as reworks and assessments that are unclear, and users not being 

mature enough with Level 2 BIM. Key discussions noted by the interviewees which focuses 

on the issues that resulted in lack of understanding are as follows:  

“Develop a tool that actually makes sense, because some of the questions that come out of the Penn 
state questionnaire, does not make sense.” (Interviewee I02). “If you don’t understand BIM as a 

concept, then there won’t be any benefits, it could result in rework (rewriting documents due to not 
understanding them well)”. (Interviewee I03). “Awareness of BIM but no understanding” (Interviewee 

I07). “That’s not just us, because other councils are struggling with the same issue. There is a struggle 
because you haven’t got the understanding and the real senior levels that this is the next stage of 

investment….Those of us who understand BIM, will understand how immature we are” (Interviewee 
I08). “If it is just done by a project manager in a local authority who doesn’t understand this, the process 
and have the experience to understand what all these documents are, how they are arranged and how 
they’re updated and reviewed and provided that part of the process.” (Interviewee I13). “Don’t know 

how to fully drive it.” (Interviewee I15). 
 

8.5 Excessive time wasted (Time wasted to collaborate with users and on software); This had a 

total of 7 discussions amongst all interviewees representing 12% of the total discussions 

related to this theme. Discussions related to this sub theme focused on time wasted to 

collaborate with teams, and no time to teach or educate people. Key discussions noted by 

the interviewees which focuses on the issues related to time wasting are as follows:  

“We don’t have the time to teach the business, or actually learn. It could help. We know how our 
businesses is set up.” (Interviewee I01). “To look for the KPIs is a huge time resource, which will divert 

us from our current work.” (Interviewee I03). “We spend a lot of time on the start of the projects, 
actually more say we spend 2 hours now and collaborating with the rest of the design team…Its almost a 
complete waste of time doing COBie, because nobody knows what’s it gonna be used for, nobody’s got 

any idea….It’s a pain for us, we take that approach every time and it’s trying to work with 
organisations to have that similar ethos I suppose” (Interviewee I14). 

 

Table 7.15 presents an overview of the sub themes linked to this main theme and the 

discussion outcomes linked back to the sub themes which have been detailed through the 

interviewee quotes and highlighted in bold. 
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3. Training and Lessons learned 
 

A total number of 18 discussions have been linked to this main theme. This theme discusses topic 

areas related to lessons learned available for BIM and KPI adoption, provision of training facilities, 

and introduction to upskilling techniques. Under this theme, 5 sub themes emerged and linked 

to their number of discussions after being compiled with the verbatim transcripts. Based on the 

overall sub themes, the ranking and overall outcomes of the sub themes were as follows:  

9.1 Lessons learned reviewed in relation to the adoption of BIM and KPIs together (Delivery of 

lessons learned and reviewing it); This was the most prevalent sub theme to this main theme 

which had a total of 7 discussions amongst all interviewees representing 39% of the total 

discussions related to this theme. Discussions related to this sub theme focused on the 

importance of having lessons learned as a strategy to adopt BIM and KPIs together. Key 

discussions noted by the interviewees are highlighted in bold which focuses on how the 

lesson learned reviews were important in adopting Level 2 BIM. Those are as follows: 

“We create our own one from lessons learned as in looking at the things on what went wrong, what is 
not suitable, or what is more suitable…..It is subjective, we would assess that by and then feeds back to 

our lessons learned reviews” (Interviewee I01). “There will exist an assessment along with Lessons 
learned after the pilot projects are completed” (Interviewee I04). “That was a bit of the lessons learned 

around this project, what we’ve come up at the start of the project is with project values, which is an 
important dialog” (Interviewee I12). “We sit there and have a view of the lessons learned and with our 
consultants how is that relationship worked, and will we use them in our projects again.” (Interviewee 

Table 7.15 MT8 Social related Issues to the usage of BIM and KPIs 

 

of BIM and KPIs 
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I13). “We are trying to learn it based on lessons learned, an external is placed and doing BIM strategy, 
which is generic and not being used…..We are trying to learn it based on lessons learned, an external is 

placed and doing BIM strategy, which is generic and not being used” (Interviewee I15).  
 

9.2 Provision of training facilities (Various training strategies and the importance of delivering 

it); This had a total of 6 discussions amongst all interviewees representing 33% of the total 

discussions related to this theme. Discussions related to this sub theme focused on the 

difference training strategies being provided to better educate teams, and cost and time 

being linked to training. Key discussions noted by the interviewees which focuses on the 

importance to provide training to educate team members are as follows:  

“We need to provide them the training….How much training is needed and aid to deliver the KPI” 
(Interviewee I01).”For training, they are spending money and time…..It’s their initial cost that they 
have to invest in training themselves” (Interviewee I02). “I gave a lecture at the NBS conference in 

Manchester last week on our modelling methodologies and our approach to Level of details, Level of 
Information, Level 2 BIM training, we were responding to EIRs” (Interviewee I03). 

9.3 Introduction to upskilling techniques (The existence of different upskilling techniques and 

the need to fix any errors that currently exist); This had a total of 5 discussions amongst all 

interviewees representing 28% of the total discussions related to this theme. Discussions 

related to this sub theme focused on the need to introduce upskilling techniques amongst 

users and fixing existing errors within practices. Key discussions noted by the interviewees 

which focuses on how the upskilling techniques were introduced and assist in fixing errors 

amongst users and within practices are as follows:  

“At the moment, based on me understanding what is required, it’s not necessary about a set of formal 
documents, but it needs to be developed” (Interviewee I03). “There is a lot of talking and trying with 

this, they want to employ a BIM manager in the future, as we currently operate with Level 1.” 
(Interviewee I06). “Even if you know the technology, there needs to be a good level of understanding 
on what technology could be done and what information could be extracted” (Interviewee I07). “We 

have a very truthful understanding of what is required on a Level 2 BIM project.” (Interviewee I13).  

Table 7.16 presents an overview of the sub themes linked to this main theme and the 

discussion outcomes linked back to the sub themes which have been detailed through the 

interviewee quotes and highlighted in bold. 

Table 7.16 MT9 Training and Lessons learned 
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Having presented a detailed analysis of the main and sub themes, the next section will discuss 

the findings concerning organisational BIM assessments, which is linked to question seven. 

7.4 Organisational Level 2 BIM assessments: Analysis 
 

The previous analysis of the thematic and content data considered responses to the close and 

open-ended questions. This section will present the results concerning BIM maturity assessments 

within organisations and their potential linkages with KPI metrics to identify how the assessment 

works and how it links with KPI metrics. Each interviewee was given a template summary with 

the three organisational levels (strategic, implementation, operational), and were asked to 

identify the level at which they believe they fit within their organisation. Some interviewees 

identified with one of the organisational levels, whilst others identified with more than one. The 

results of the interviewees’ BIM assessment scores will be presented first, followed by the 

extracted linkage between BIM maturity and KPI metrics.  

7.4.1 Strategic organisational assessment   
 

This section presents the analysis and findings of the strategic organisational level assessment 

(Table 7.17).  

 

Table 7.17 shows that 11 interviewees identified themselves with the strategic level, and (based 

on the overall scores given), four identified with Awareness (Aw) and with the Occasional 

application (OA) of maturity levels. Moreover, three identified with the Consistency (Co) 

maturity level. This indicated that three users identified with a higher maturity level and perform 

well within their organisations, whereas eight users were between Aw and OA, which indicates 

a requirement to review their current organisational sub metric scores and determine the actions 

required to move from Aw and OA to Co. Table 7.18 presents a summary of the scoring levels for 

each interviewee; it shows a matrix of alignment between their overall scores and the individual 

sub metric score. This helps to identify which sub metrics would be maintained (Co) since this is 

the highest level of maturity, and the sub metrics that would need to be improved (Aw and OA) 

to move from one level to another. 

Table 7.17 Strategic organisational level assessment 
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The matrix indicates that two interviewees (I01, I14) left three BIM sub metric scores blank (EIR, 

AIR, GSL), which indicated an issue with identifying their position in relation to the sub metrics 

listed, and an inability to identify their BIM maturity level with those metrics. Only the overall 

average for the Collaboration process was at the Co level (2.45), which indicated the full 

application and maintenance of the BIM Level 2 strategic level, and its embeddedness across 

projects generally. In comparison, the remaining metrics were at the OA level, which indicated 

a partial application of the BIM Level 2 strategic level, which is recognised, but not embedded 

generally. This suggests that users would need to review the sub metrics to determine the action 

required to allow themselves to move from OA to Co. Also, it shows that different levels of 

understanding concerning BIM maturity exists, as the individual scoring for eight interviewees 

varied from OA to Co.  However, the individual scoring for three interviewees varied from Aw to 

OA and did not include Co.  This indicates the need for these individuals to review and further 

educate themselves with the BIM metrics, to enable the users to move from the lower levels to 

the higher levels.  

In general, the Aw or OA scores need to be reviewed to enable users to reach and maintain the 

Co level. From this basis, the potential linkage between BIM maturity and KPI metrics were 

proposed. For the organisational strategic level, it was difficult to demonstrate a linkage between 

BIM maturity and KPI metrics at the sub metric level, since participants were unable to establish 

a linkage. Instead, most interviewees were able to identify the linkage for the top metric, which 

was easier for them to establish.  Thus, the inability amongst some interviewees to recognise the 

linkage with the KPI metrics in the sub metric level represents a limitation to the BIM assessment.  

Table 7.18 Interviewees’ scores and maturity level averages at the strategic level 
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Based on this constraint, the list of KPI metrics that emerged from the literature (Section 4.5.1), 

and their potential connection with BIM maturity metrics (Section 4.5.2) were presented to the 

interviewees to demonstrate how a linkage could occur. As a result, an assessment was 

conducted to identify the linkage between BIM maturity and KPI metrics at the top metric level. 

Table 7.19 proposes a linkage between the BIM maturity and KPI metrics at the top metric, based 

on the assessment and discussions conducted with interviewees at the strategic level. 

 

 

Table 7.19 shows that only one interviewee was able to identify the linkage between KPI and BIM 

sub metrics, while six interviewees were unable to identify a linkage since they did not possess 

information on the KPI metrics that could be linked. The linkage presented shows that, across the 

BIM maturity top metrics, the primary KPI metrics (cost, time and quality) would be linked with 

the BIM maturity top metrics.  This shows that these KPIs would be linked and would correlate 

with the literature review. For the secondary KPI metrics, it was found that:  

1) Collaboration would be linked with all of the KPI metrics except sustainability.  

2) Employers’ requirements (EIR) would be linked with satisfaction, health and safety, 

performance and sustainability.  

3) Facilities management would only be linked to health and safety, and sustainability.  

This shows that interviewees at the strategic level recognise collaboration as a key sub metric 

and was more frequently linked to the KPI metrics.  This indicates the importance of enabling 

collaboration, as indicated by the KPI metrics. Employers’ requirements were relatively 

frequently linked with the KPI metrics, which indicates that the EIRs would be moderately linked 

with the KPI metrics in general while some KPI metrics would not have linked EIRs. Facilities 

Table 7.19 The relationship between BIM maturity and KPI metrics at the strategic level 
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management was less frequently linked with the KPI metrics, which suggests a weak linkage and 

thus difficulties with linking the top and KPI metrics.  Furthermore, it will not fit with the other 

KPI metrics. Finally, collaborative culture was introduced as a new KPI metric and linked with all 

BIM maturity top metrics. Figure 7.7 illustrates a summary of the BIM maturity and KPI metric 

relationships at the strategic level. 

 
 

Table 7.20 presents a summary of the nine additional KPI metrics that the interviewees addressed 

at this organisational level (based on Table 7.19). 

 

 

 

 

 

 

The KPI metrics in Table 7.20 represent a proposed list that may be added to the current list of 

KPI metrics and linked with the BIM maturity metrics. Most interviewees agreed that culture 

should be included in the previous list of additional KPI metrics, and suggested that this would 

be linked with all KPI metrics.  Thus, Collaborative Culture would be introduced as a new KPI 

metric for inclusion in the initial list of KPI metrics; it will be linked to all BIM maturity top and 

sub metrics. Having presented the detailed findings of the organisational strategic level, the next 

section will discuss the findings of the organisational implementation level. 

Figure 7.7 Strategic Organisational Level BIM-KPI Linkage 

Table 7.20 Additional KPIs for the Strategic Level  
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7.4.2 Implementation and organisational assessment   
 

This section presents the analysis and findings of the implementation organisational level 

assessment (Table 7.21). 

 

 

Table 7.21 shows that 10 interviewees identified with the implementation level, and (based on 

the overall scores given), two identified with Awareness (Aw), five with Occasional application 

(OA), and three with Consistency (Co) of maturity levels. This indicated that three users identified 

with a higher maturity level and perform well within their organisations, whereas eight users 

were between Aw and OA, which indicates a requirement to review their current organisational 

sub metric scores and determine the actions required to move from Aw and OA to Co. Some 

users identified with both the strategic and implementation levels, which indicates that the 

assessment would need to work with the same user at multiple levels to determine the maturity 

level that they would fall under. The overall scores for I03 and I14 were found to be at the OA 

level in both organisational levels.  This indicated that users would find themselves at the same 

maturity level average on multiple levels and thus a consistent scoring average would be 

adapted. Similarly, I07 experienced the same outcome although their average was at the Aw 

level, while I10 and I13 were at the Co level. Conversely, the overall score for I12 was OA at the 

strategic level and Co at the implementation level, which indicates different levels of maturity 

between one organisational level and another for that individual in their organisation. Similarly, 

I15 experienced the same outcome, but their scoring was Aw at the strategic level and OA at the 

organisational level. Table 7.22 presents a summary of the scoring levels for each interviewee, 

which shows a matrix of alignment between their overall scores, and the individual sub metric 

score. This helps to identify which of the sub metrics would be maintained (Co), since this is the 

highest level of maturity, and the sub metrics that would need to be improved (Aw and OA) in 

order to move from one level to another. 

Table 7.21 Implementation level organisational assessment 
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Table 7.22 indicated that three interviewees (I04, I06, I14) left the scoring for four BIM sub 

metrics blank (EIR, Supplier assessment forms, MPDT, CDE), which indicated an issue with 

identifying their position and BIM maturity level on those sub metrics. Both the overall averages 

for the BIM Execution Plan (2.40) and Common Data Environment (2.56) were at the Co level, 

whereas the remaining metrics were at the OA level. This indicates that users would need to 

review these sub metrics to determine the actions required to enable them to move from OA to 

Co. Also, it shows that different levels of understanding concerning BIM maturity exists, as the 

individual scoring for five interviewees varied from OA to Co, whereas for three interviewees it 

varied from Aw to OA and did not include Co. This suggests the need for further education on 

BIM metrics for these individual in order to move from the lower to higher levels.  

In general, the Aw or OA scores either need to be reviewed to enable users to move to and 

maintain the Co level. Thus, the potential linkage between BIM maturity and KPI metrics were 

proposed. Across the organisational strategic level, some of the interviewees found it difficult to 

demonstrate the BIM maturity and KPI metric linkage at the sub metric level, which represents a 

limitation to the BIM maturity assessment.  

Based on this constraint, the list of KPI metrics that emerged from the literature (Section 4.5.1), 

and the potential linkage with BIM maturity metrics (Section 4.5.2) were presented to the 

interviewees to demonstrate how a potential linkage between BIM maturity and KPI metrics 

could occur. As a result, an assessment was conducted to identify the linkage between the BIM 

maturity and KPI metrics at the top metric level. Table 7.23 proposes a linkage between the BIM 

maturity and KPI metrics in the top metrics level according to the assessment and discussions 

conducted with interviewees at the implementation level. 

Table 7.22 Interviewees’ scores and maturity level average at the implementation level 
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Table 7.23 shows that only two interviewees were able to identify the linkage between the KPI 

metrics and BIM sub metrics, while five interviewees were unable to identify a linkage between 

the KPI metrics across the BIM maturity top metrics. This was attributed to a lack of information 

on the KPI metrics that could be linked with the BIM maturity top metrics. The linkage presented 

shows that, across the BIM maturity top metrics, the primary KPI metrics (cost, time and quality) 

would be linked with the BIM maturity top metrics. This shows that these KPIs could be linked 

and correlated with the critical review of the literature. For the secondary KPI metrics, it shows:  

1) Facilities Management is linked with two KPIs (health and safety, and sustainability), 

Collaboration with three KPIs (satisfaction, profitability, productivity), and Processes with 

three KPIs (satisfaction, performance, productivity).  

This indicates that the interviewees recognised a less frequent link as more than one sub metric 

was linked with these KPIs and interviewees could refer to reviewing the relevant BIM maturity 

and KPI metrics.  

2) Productivity with two BIM top metrics (Collaboration and Processes). 

3) Satisfaction with three top metrics (Collaboration, Employer’s requirement and Processes). 

4) Performance with four top metrics (Employer’s requirement, Processes, Delivery, and 

Sharing).  

Table 7.23 The relationship between BIM maturity and KPI metrics at the implementation level  
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This indicates that performance would be more frequently linked with the top metrics at the 

implementation level, followed by satisfaction and then productivity. Lastly, similar to the 

previous organisational level, Collaborative Culture was introduced as a new KPI metric and was 

linked with all of the BIM top metrics. Figure 7.8 illustrates a summary of the relationship 

between BIM maturity and KPI metrics at the strategic level.  

 

Table 7.24 presents a summary of the five additional KPI metrics that the interviewees addressed 

at the organisational level (based on Table 7.23). 

 

 

 
 

 

 

These KPIs present a proposed list for consideration. Again, it has been stated that Collaborative 

Culture would be added as a new KPI metric and linked with all BIM top and sub metrics. Having 

presented the detailed findings of the organisational implementation level, the next section will 

discuss the findings of the organisational operational level. 

Figure 7.8 Implementation Organisational Level BIM-KPI Linkage 

Table 7.24 Additional KPIs for the implementation level 
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7.4.3 Operational organisational assessment   
 

This section presents the analysis and findings of the organisational operational level assessment 

(Table 7.25).  

 

Table 7.25 shows that only six interviewees identified with this organisational level, which is the 

lowest number among the levels, and (based on the overall scores given), four identified with 

Awareness (Aw), none with Occasional application (OA), and two with Consistency (Co) of 

maturity levels. This indicated that two users identified with a higher maturity level and perform 

well within their organisations, whereas four users were at the Aw level, which indicates a 

requirement to review their current organisational sub metric scores and determine the actions 

required to move from Aw and OA to Co. Furthermore, only I11 identified with this level, whereas 

the remaining users identified at both the strategic and implementation levels. This indicates that 

the assessment would work with the same user at multiple levels and would thus enable the user 

to determine the maturity level at which they were positioned. Only I10 has a scoring of Co across 

all three organisational levels, which demonstrates consistency, while I11 scored as Aw. 

Moreover, I12 scored at Co at the implementation level but OA at the strategic level. The 

remaining interviewees did not score Co at any of the organisational levels; instead, I03 

previously scored OA at the other organisation levels, but at the implementation organisational 

level scored at Aw. Moreover, I14 and I15 scored themselves at Aw in this organisational 

(operational) level and OA at the implementation level, but at the strategic level, I14 scored at 

OA, while I15 scored at Aw. This indicates variances with the scoring amongst participants who 

were yet to mature to the OA or Co levels; this suggests a need for review to enable users to 

move to the Co level. Table 7.26 presents a summary of the scoring levels for each interviewee 

and shows a matrix of alignment between their overall scores, and the individual sub metric 

scores. This helps to determine which of the sub metrics would be maintained (Co) since this is 

the highest level of maturity, and the sub metrics that should need to be improved (Aw and OA) 

in order to move from one level to another. 

Table 7.25 Operational Organisational Level assessment 
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Table 7.26 indicated that one interviewee (I14) left one BIM sub metric scores blank (as built 

model), which indicated an issue with identifying their position on this sub metric, which meant 

it was not possible to identify their BIM maturity level for this metric. None of the overall top 

metrics were found to be at the Co level, which indicated an issue with the maturity of the metrics 

across the organisational levels, while the remaining were distributed between Aw [3D-6D input, 

Lifecycle analysis, GSL, and POE, all with (1.50)] (indicating general knowledge and 

understanding of BIM Level 2 strategic level across the organisation) and OA. This indicates that 

users would need to review the sub metrics and determine the actions required to allow the 

users to move from OA to Co. Also, it shows that different levels of understanding of BIM maturity 

exists, as the individual scoring for two users varied from OA to Co, while the individual scoring 

for another two users varied from Aw to OA and did not include Co.  This suggests a need for 

these individuals to further educate themselves with BIM metrics, to enable them to move to the 

higher levels.  

In general, the Aw or OA scores either need to be reviewed to enable the users to move to and 

maintain the Co level. Thus, a potential linkage between BIM maturity and KPI metrics was 

proposed. Across the organisational operational level, it was difficult for interviewees to 

demonstrate the linkage between BIM maturity and KPI metrics at the sub metric level, which 

represents a limitation in being unable to recognise the linkage at the sub metric level.  

Based on this constraint, the list of KPI metrics that emerged from the literature (Section 4.5.1), 

and the potential linkage with BIM maturity metrics (Section 4.5.2) were presented to the 

interviewees to demonstrate how a potential linkage between BIM maturity and KPI metrics 

could occur (this was based on the literature review which linked BIM maturity and KPI metrics). 

Table 7.26 Interviewees’ scores and maturity level averages at the operational level 
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As a result, an assessment was conducted to identify the linkage between the BIM maturity and 

KPI metrics at the top metrics level. The assessment and discussions were conducted with 

interviewees at the strategic level, while Table 7.27 proposes a link between the BIM maturity 

and KPI metrics at the top metrics level.  

 

 

Table 7.27 shows that only one interviewee was able to identify the linkage between KPI metrics 

across the BIM sub metrics, while three interviewees were unable to identify a linkage since they 

did not possess information on the KPI metrics that could be linked. The presented linkage shows 

that, across the BIM maturity top metrics, the primary KPI metrics (cost, time and quality) would 

be linked with the BIM maturity top metrics, which correlates with the literature review. For the 

secondary KPI metrics, it shows that:  

1) Satisfaction and Productivity were linked with most of the BIM top metrics except Sharing in 

Satisfaction and Employers requirement in Productivity.  

2) Health and Safety and Sustainability were linked to both Capital delivery and Facilities 

management.  

3) Performance was linked with all of the BIM top metrics. 

4) Profitability was only linked to Capital Delivery.  

5) Facilities Management was linked with five KPI metrics (Satisfaction, Health and Safety, 

Performance, Productivity, and Sustainability), and this was the same across both the strategic 

and implementation levels with two KPIs (Health and Safety, and Sustainability) which sets a 

generalised link between facilities management and the KPIs across all organisational levels. 

6) Capital Delivery was linked to all KPI metrics. 

Table 7.27 BIM maturity and KPI metrics: Relationship across the operational level  
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This shows that, within the operational level, capital delivery would be linked across all KPI 

metrics, indicating a more frequent link between BIM maturity and KPI metrics. Facilities 

management would follow this sequence, as it not linked with profitability, indicating the same 

reasons previously mentioned. Both sharing and employers’ requirements were only be linked 

with three KPIs each, indicating a lower frequency link between BIM maturity and KPI metrics to 

those mentioned previously. Finally, similar to both previous organisational levels, Collaborative 

Culture was introduced as a new KPI metric and linked with all BIM top metrics. Figure 7.9 

illustrates a summary of the relationship between BIM maturity and KPI metrics at the 

operational level.  

 
 

Table 7.28 presents a summary of the five additional KPI metrics that the interviewees addressed 

at this organisational level (based on Table 7.27). 

 

 

 

 

These KPIs presents a proposed list. Again, it has been stated that Collaborative Culture would 

be introduced as a new KPI metric for adding to the initial list previously identified.  This would 

be linked with all BIM top and sub metrics. Having presented the detailed findings of the 

organisational operational level, the next section discusses the findings of all organisational 

levels. 

Figure 7.9 Operational organisational level BIM-KPI linkage 

Table 7.28 Additional KPIs for the Operational Level 
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7.4.4 BIM-KPI linkage findings across all organisational levels  
 

This section presents the findings concerning the linkage across all the organisational levels and 

its relation to the literature review findings. After demonstrating the individual linkage between 

the BIM maturity and KPI metrics at each organisational level, it is useful to determine how this 

linkage would be mapped across all organisational levels.  This could demonstrate a standardised 

list of combined BIM maturity and KPI metrics for mapping across the organisational level. Figure 

7.10 demonstrates the proposed linkage based on the previous findings. 

 
 

Figure 7.10 shows that all BIM maturity top metrics would be linked across the three primary KPI 

metrics (cost, time, quality).  This ensures the frequent and potential linkage between BIM 

maturity and the three primary KPI metrics, which correlate to the KPI metrics identified in the 

literature and the initial proposition to link BIM maturity and KPI metrics. For the secondary KPI 

metrics (Satisfaction, Health and Safety, Performance, Profitability, Productivity, Sustainability, 

and the newly added Collaborative Culture) the linkage with BIM maturity varied from one 

organisational level to another, which indicated that participants had different views on what 

linkages would occur.  A new KPI is necessary (Collaborative Culture) as it reflects the 

organisational performance and the need to address cultural behaviours, although this depends 

on their levels of understanding of BIM maturity and KPI metrics. The findings show that: 

Figure 7.10 Organisational levels BIM-KPI linkage 
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1)  Performance was the most frequent KPI metric in terms of the number of linked BIM maturity 

metrics.  This was linked to all BIM maturity top metrics while collaborative culture, as a new 

KPI metric, was also frequently linked to all of the BIM maturity top metrics. This indicates 

that both performance and collaborative culture were seen as the most frequent and 

important KPI metrics for linking with the BIM maturity top metrics.  

2) Productivity was the second most frequently linked KPI to all of the BIM maturity top metrics, 

with the exception being Employers’ requirement and Delivery.  

3) Both Health and Safety, and Satisfaction were linked with four BIM maturity top metrics 

(Collaboration, Employers requirements, Capital delivery and Facilities Management). This 

shows that both Health and Safety, and Satisfaction are linked relatively frequently to the BIM 

maturity top metrics.  

4) Sustainability was linked with three BIM maturity top metrics (Employers’ requirements, 

Capital delivery and Facilities Management). It is one of the least frequent and least important 

KPI metric to be linked with the BIM maturity top metrics.  

5) Finally, Profitability was linked with only two BIM maturity top metrics (Collaboration and 

Capital delivery), and thus was the least important and least frequent among the KPI metrics.  

Based on the previous discussion, Table 7.29 demonstrates the consensus concerning the linking 

of KPI metrics across all the organisational levels. As collaborative culture was aligned with all 

organisational levels, 16 new KPI metrics were mentioned and eligible for inclusion when linking 

to the BIM maturity top metrics. 

 
 
 
 
 
 
 
 
 
 
 
 

Having presented the findings across all organisational levels, the next section will discuss the 

findings concerning the benefits and their links to all of organisational levels. 

7.4.5 BIM maturity and KPI metrics linkage: Benefits expected to emerge 

 

While Table 7.10 focused on the general benefits associated with the BIM maturity and KPI 

metrics, this section considers those expected to emerge from linking the BIM maturity and KPI 

metrics across the three organisational levels, and notes the potential actions needed in order to 

Table 7.29 All organisational levels: Additional BIM-KPI linkage 

 



251 | P a g e  
 

access these benefits. Table 7.30 presents a summary of the benefits concerning the assessment 

and actions required to access the benefits. 

 

 

Eight benefits would occur from the proposed linkage, which are linked to two key topic areas: 

Firstly, benefits to projects and organisations, and secondly, benefits to users (i.e. clients, project 

teams). Benefits related to projects and organisations were identified as follows:  

1) Achieving consistency throughout,  

2) Improving overall project delivery,  

3) Improving clash detections,  

4) Those from the MCC projects,  

5) The benefits methodology report (PwC. 2018), which presents a list to be measured related 

to projects and organisations in general, and  

6) Integrating lifecycle analysis through the procurement route.  

Benefits that are related to clients and project teams were: Adding value to clients and spreading 

more knowledge to project teams; enabling visualisation to support decision making; working 

collaboratively to allow openness; supporting safety and change management, and assessing 

tailored time and cost savings to clients and enabling extra business. Actions required to facilitate 

these benefits would be: Measuring maturity; implementing linkages in the organisation; 

examining this across BIM projects, and bonding the benefits to KPIs. This shows that mainly the 

benefits would vary between clients and projects, and in order for the benefits to occur, these 

actions need to be addressed.  

The interview findings revealed the need to redress the final outcome of the assessment in order 

to better understand scoring at the lower levels and provide actions to enable users to score 

Table 7.30 Benefits of the assessment 
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from one level to another. Based on this, Figure 7.11 proposes an action plan that highlights the 

steps to be taken to understand what is needed to achieve consistency. 

 

A number of actions suggested by the interviewees were: 

To have a weighing scheme, check back on the filled spreadsheet for example on how to distribute the KPIs 
/ weight / actions. (Interviewee I02); Action plan to take the levels forward and upgrade from 1 level to 
another (Awareness to occasional application) (Interviewee I02); Follow-up meetings to preview users 
progress with maturity upskilling. (Interviewee I03) 

 
Table 7.31 presents the actions required to move from one level to another. 

 

A number of interviewees suggested a weight scheme, since each sub metric would differ in 

terms of importance and the need for it could be followed by a training strategy on the required 

actions for each of the sub metric, who would be responsible for this action, and who would 

handle expenses associated with the action. This is believed to help upskill and move users to the 

consistency level. Eight interviewees agreed with this action plan, and seven disagreed. This 

indicates that this plan would not work across all users but would be worth considering for future 

development. It also shows a potential method for improving and elaborating on the assessment 

and to facilitate it across most organisations. The next section will provide an overall feedback 

on the BIM maturity assessment and how it could be further developed. 

Figure 7.11 Action Plan for future 

Table 7.31 Action Plan Summary 
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7.4.6 Feedback on the BIM maturity assessment and future development 
 

After presenting the findings, the last question aimed to gather some feedback on the 

assessment and future developments that could enable action and improvement. Various 

answers were given, for example: 

 

“It’s very good. That’s a very interesting piece of work” (Interviewee I13). “I think it’s a really interesting 

piece of research and kind of output I suppose” (Interviewee I14). 

On the one hand, this indicated that the interviewees were interested to learn more about the 

assessment, and they found the work to be interesting and could reflect on it. This suggests a 

potential assessment to adopt within their practice. However, on the other hand, there were 

some issues in understanding the assessment: 

 

“For us, if it’s just what you say, then that’s easy for me to score, but if it’s what I actually believe it to be 
and it’s a broader piece, then it might be a different score.” (Interviewee I01).  
“If this could be running in the background, and not seen as an additional task but managed within a 
general process of construction.” (Interviewee I11). 
 

This shows there are some issues with the theoretical rather than practice-based background 

and descriptors. Answers given are based on individuals’ interpretations and depend on the 

context; thus, the answers differ. Table 7.32 presents a summary of the quotes related to this 

that emerged from the interviews. 

 

Having presented a detailed analysis of the organisational assessments and demonstrated how 

BIM maturity and KPI metrics would be linked together, the next section will present an update 

to the proposed framework that relates to “The How” stage (Section 4.5.2).  

Table 7.32 Feedback given on the presented assessment and linking BIM/KPIs together 
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7.5 The ‘How’ stage: Evolution of the framework  
 

This section presents the evolution of the conceptual framework to the initial framework in terms 

of the ‘How’ stage. Figure 7.12 presents the development step of the ‘How’ stage, which 

demonstrates the evolution from the conceptual framework (Section 4.5) to the initial 

framework development. This section will demonstrate the findings of the semi structured 

interviews which lead to the following:  

1) The BIM maturity assessment across the three organisational levels linking with the KPI 

strength of relationships back to the BIM maturity levels.  

2) Agreement to the final standardised list of KPI metrics and linking them to the BIM metrics. 

 

 

 

 

 

 

 

 

 

 

 

The ‘How’ stage is presented to identify the potential linkages between BIM maturity and KPI 

metrics for the framework and for the assessments proposed in this research. The conceptual 

framework proposed a maturity assessment to be conducted with the BIM maturity sub metrics. 

The BIM maturity assessment across the three organisational levels (strategic, implementation, 

operational) was identified, along with a final list of standardised KPI metrics that included 

collaborative culture as a new KPI metric, and a three-level (awareness, occasional application, 

consistency) maturity assessment was agreed since it delivers the necessary distinction. As a 

result, the three-level maturity assessment was used to identify the levels of BIM maturity, but 

in addition, the linkage between BIM maturity and KPI metrics were established (Figure 7.10). 

Hence, the initial framework development presents the findings of the maturity levels and how 

it links back with the KPI metrics.   

Having presented the development of the framework and demonstrated how BIM maturity and 

KPI metrics would be linked together, the next section will provide a summary of the chapter. 

1 

1 

2 
2 

Figure 7.12 The evolution of the ‘How’ stage from the conceptual to the initial framework 
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7.6 Summary 
 

This chapter presented the findings from the analysis of the semi-structured interviews. 

Discussions elicited the main and sub themes from the ten questions posed to 15 interviewees, 

which delivered nine main themes, and 39 sub themes. Thematic analysis was conducted to 

extract the overarching, main, and sub themes from the discussions with the interviewees. 

Content analysis was used to demonstrate how many discussions were covered under each sub 

theme, which helped to emphasise the importance of the main themes, and identified the most 

commonly occurring themes and patterns to emerge. This was considered in connection with the 

BIM maturity and KPI linkages. Based on their expertise, interviewees identified with at least one 

of the organisational levels, which agrees to the workshop findings that advocated three new 

organisational maturity levels (Awareness, Occasional Application, and Consistency) to assess 

levels of BIM maturity across the UK client sector.  On completion of the maturity assessments, 

the results showed that all interviewees were positioned across the three maturity levels at the 

three organisational levels, which shows that levels of BIM maturity differed from one 

interviewee to another at each organisational level. There were attempts to link the BIM maturity 

assessments with the KPI metrics provided by the literature while from the semi structured 

interviews, a new KPI metric (Collaborative Culture) was suggested to reflect the cultural aspects 

and behaviours amongst UK clients. Further suggested BIM maturity and KPI metrics were 

identified which could be considered for the upcoming data collection phase (the online 

questionnaire). An update to the framework which demonstrates how the BIM maturity metrics 

would link back to the KPI metrics was presented. An update to the conceptual framework has 

been presented, which discussed the findings related to “The how” stage of the framework, and 

how it has developed from the proposed framework (Section 4.5) towards the initial framework 

development.  

The next chapter will present the findings and analysis of the online questionnaire data collection 

phase, in which it will consider the findings of the focus group workshops and semi structured 

interviews, in terms of the BIM maturity assessment and proposed BIM maturity and KPI metric 

linkages. These will be examined statistically and the strength of the relationships between the 

BIM maturity and KPI metrics will be determined. A statistical measure between the levels of BIM 

maturity and KPI metrics will be conducted to examine the potential relationships and to extract 

the key benefits expected from this relationship. The data collected and analysed from the 

interviewees in terms of the organisational levels will be triangulated through comparative 

analysis with data from the questionnaire participants. 
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8.1 Introduction 
 

The previous chapter discussed the qualitative findings and analysis (from semi-structured 

interviews). These findings were tested and examined through a quantitative enquiry, which 

represents the third step in the process of validating the findings and aimed to achieve a potential 

linkage between BIM Maturity and KPI metrics. This chapter explores and explains the potential 

links between BIM Maturity and KPI metrics through a questionnaire survey, which validates the 

findings from the previous data collection (semi structured interviews). This also finalises this 

research’s mixed method research approach. Similar to the semi-structured interviews, the aim 

of the questionnaires meets the fourth and fifth objective of this research, in developing a BIM 

Maturity-KPI assessment framework and examining the potential linkages between BIM Maturity 

and KPI metrics. 

8.2 Questionnaire survey data collection process  
 

The researcher contacted NWCH to distribute a call for participation in the questionnaire survey. 

The initial step was to identify the criteria under which participants would be selected and the 

number of participants that would be willing to participate in the survey. This research targeted 

clients and a number of UK construction organisations. The clients would need some knowledge 

and previous experience of BIM in order to offer answers to questions on BIM Maturity and KPI 

metrics. The research aimed to reach as many construction organisations as possible and needed 

to reach individuals with relevant experience in dealing with BIM Maturity. 

Similar to the interview questions, the structure of the questionnaires included three main 

sections. The first sought information related to participants’/organisations’ background and 

information related to BIM Maturity and KPIs (separately and combined). In the second section, 

questions sought responses on the potential links between BIM Maturity and KPIs combined 

from participants and organisations aligned with each of the organisational levels. Thus, the 

researcher targeted clients and organisations that fit within these organisational levels. The 

questions first identified whether the participant’s answers were based on either a project or an 

organisational performance level.  Then it identified their current maturity level based on three 

levels (Awareness, Occasional application, and Consistency), and the strength of relationship 

between BIM Maturity and KPI metrics. This was based on four relationship strengths: No 

relationship (None), Not Significant (weak), Moderate (Medium), and Significant (Strong). 

Finally, the last section included feedback on the assessment conducted in the second section 

and gathered information on the further actions required to support and finalise the proposed 

assessment framework.  
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The questionnaire was prepared between October 2018 and January 2019 during which time the 

BS EN ISO19650 standards were not released. However, the questionnaire was made available 

online between February 2019 and July 2019, during which the BS EN ISO19650 standards were 

released. Nevertheless, the questions used would be relevant and related to the new BS EN 

ISO19650 standards, thus only the Level 2 BIM terminology would be replaced with that of the 

new BS EN ISO19650 standards. The next section will outline the survey data analysis process. 

8.3 Questionnaire survey data analysis process  
 

The questions used in the survey revealed that certain statistical analysis was required to analyse 

the data and present meaningful results. Such analysis included the use of descriptive statistics 

(central tendencies, mean/mode/cross-tabulation) to produce numerical data that represented 

totals and inferential statistics (correlations and regressions). This produced numerical results 

that represented the level of agreement and degree of association between variables. Table 8.1 

presents a summary of the statistical analysis used in this research (Section 5.10.2). 

 

8.3.1 Questionnaire participants: involvement process 

 

It was necessary to identify the number of participants required to participate in this survey. 

According to the target population and sample size required (Krejcie & Morgan, 1970; Sekaran & 

Bougie, 2016), the target population would be the UK construction industry sector. Based on the 

latest statistical figures published by the UK government (NOMIS. 2018; ONS. 2019; Statista. 2019) 

the number of people employed in the UK construction sector exceeds three million and the 

number of organisations working within the construction sector was 314,590. Both represent the 

population required although very few of these individuals would have experience with BIM and 

only a few of these organisations may actually be using BIM (BIS. 2013b). the next section will 

discuss the sample size that was targeted for this research to collect data from. 

 

Table 8.1 Quantitative analysis used for the survey analysis 
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8.3.1.1 Questionnaire survey sample size selection  
 

According to Flick (2015) a suitable number of survey responses should not be less than 30, since 

“this tends to produce results where individual respondents may skew the results”. Mbugua 

(2000) similarly suggested that a minimum of 30 responses would be adequate, which was also 

supported by Kwak and Kim (2017), who argued that with a sample size of thirty, the sampling 

distribution would be approximated to meet the standard normal distribution according to the 

central limit theorem. Saunders et al., (2016) presented a table detailing the recommended 

samples for different target population sizes; it noted the required sample size to distribute a 

questionnaire based on a 95% confidence level and a margin error of 5%. The response rate is an 

important factor that needs consideration. The response rate signifies the number of returned 

questions in a survey that are deemed valid; thus, the higher the response rate, the more power 

associated with the results returned. It has been stated that no single response rate would be 

considered standard (Fink, 1995). However, due to the nature of some research areas and based 

on the density and comprehensiveness of some questionnaires, which is considered the “norm” 

for this kind of survey, a response rate could decrease severely. According to Soetanto et al., 

(2001), Sutrisna (2004) and Ankrah (2007), a minimum response rate has been reported as 8.82% 

although the minimum rates usually fall between 10% and 15%.  

Based on the above discussion, the researcher sent out invitations and distributed the 

questionnaire through an online administered survey website (JISC online survey). This reached 

the targeted sample; according to Saunders et al., (2016) 100,000+ (N) will require a sample size 

(S) of 383, representing a 95% confidence level and 5% margin of error. This was based on a list 

of BIM practitioners provided by the NWCH (150-200 members), online databases for BIM 

representative from UK organisations (100-150 organisations), and the researcher’s personal 

contacts from professional social media website contacts and relevant groups (i.e. LinkedIn, BIM 

relevant websites and professional forums, and relevant LinkedIn BIM professional groups such 

as “BIM4SME” “BIMexperts” “BIM engineers”, and hashtags to reach participants in BIM related 

groups such as #Cdbb #UkBimAlliance #Level2Bim #NBS #BSI #BRE #ISO19650). This ensured the 

survey would reach the designated 383 construction professionals from various organisations 

who represent the sample in terms of BIM knowledge and organisations that use BIM. These 

groups had individuals that varied from 100 in number to as high as 100,000 individuals 

representing the UK construction sector. As a result, the survey was distributed and accessed by 

500 individuals, which met the required number (383). During a timeframe of five months, a total 

of 120 professionals were involved throughout the whole survey; however, a few responses were 

https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23cdbb&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23ukbimalliance&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23level2bim&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23nbs&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23BSI&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23BRE&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
https://www.linkedin.com/feed/hashtag/?highlightedUpdateUrns=urn%3Ali%3Aactivity%3A6544500197744005120&keywords=%23iso19650&originTrackingId=BhpnA1FuR0%2Bd3i4CMpy8bg%3D%3D
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not returned. Specifically,non-responses were defined on Complete refusal where 20 disagreed 

to participate, while 100 agreed to participate, representing 20% participation (100/500).  

However, of the 100 professionals who agreed to participate, some participants decided not to 

complete the survey for various reasons, such as: break off or a lack of interest in the topic 

(25/100 participants did not complete questions related to that section representing a 25% drop 

rate); being unable to select the organisational levels proposed (15 participants and a 15% drop 

rate), and an inability to determine the relationships between BIM maturity and KPI metrics 

across the three organisational levels. Partial responses were also received (Strategic = 10 

participants meaning a 10% drop rate; Implementation = four participants thus a 4% drop rate, 

and Operational = three participants meaning a 3% drop rate). Finally complete responses were 

also received but some were unable to determine the benefits and provide feedback on the 

given assessment (three participants and a 3% drop rate). Hence, of 120 participants, eighty 

dropped out of the survey.   

Thus, the researcher received a total of 40 completed responses from individuals and different 

organisations, which according to the response rate presents 10.44% (40/383). This rate (10.44%) 

is within an acceptable range and falls between the previously identified response rates (Ankrah, 

2007; Soetanto et al., 2001; Sutrisna, 2004), and in addition the number of responses meets the 

minimum responses required (30) for an online questionnaire (Flick, 2015, Kwak and Kim, 2017; 

Mbugua, 2000). Although the online survey would not allow the researcher to access incomplete 

responses, the 40 responses were valid meaning a 100% valid ratio. Without answering all 

questions, it is impossible to run a correlation analysis to identify the potential relationships 

between BIM Maturity and KPI metrics. Having presented the number of participants involved in 

the survey, the next section will discuss how the statistical analysis was conducted through 

descriptive and inferential statistics. 

8.3.2 Statistical analysis for the survey (descriptive statistics) 
 

Descriptive statistics summarise a given data sample from the representation of samples, 

whether from the targeted population, the targeted sample, or those who participated in the 

survey. The most familiar methods used with the descriptive statistics are the central tendency, 

as represented by the mode and cross tabulation (frequency of occurrence and cumulative 

percentages), and mean (average and totals).  It is used to identify response points from the 

survey (Denscombe, 2010). Internal consistency is a process to check for correlations between 

the responses and the questions represented by Cronbach’s alpha, which checks for internal 

consistency with scaled data (Gliem and Gliem, 2003; Saunders et al., 2016).  
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8.3.3 Statistical analysis for the survey (inferential statistics) 
 

This type of analysis tends to use more sophisticated techniques, which rely on measurements 

from a given sample and are based on the specific population, as it is not possible to measure 

single items from an entire population. Thus, inferences on the given population need to be 

drawn. This is achieved by conducting a test of agreement that measures the strength of 

relationship between given variables. Due to the nature of this research, it is necessary to 

conduct a number of statistical analysis relevant to the non-parametric data represented within 

the BIM maturity levels and KPI strength of relationships. For this, the following analysis was 

conducted: Chi Square, Kruskal Wallis, Spearman Correlation, and Linear regression. While the 

analysis aimed to find the relationship between BIM Maturity and KPI metrics, which are 

classified as ordinally scaled, Spearman's correlation coefficient and Kendal rank.  These have the 

ability to measure the strength of association between two ranked variables, which is 

represented by the BIM Maturity and KPI metrics. According to Saunders et al. (2016), there are 

difficulties associated with using Spearman’s test as data from either very small (namely less than 

seven) or large samples, (larger than sixty). For this research, the data sample collected was 40, 

which fell between 7-60. As such, the above-mentioned inferential analysis was suitable for 

delivering the analysis to meet the research aim and objectives. The next section will discuss how 

both statistical types (descriptive and inferential) were conducted. 

8.4 Descriptive and Inferential Statistics (Analysis) 
 

Results that are presented through descriptive statistics may produce an excessive amount of 

irrelevant information. Thus, it is necessary to summarise the data in order to make sense of it 

and demonstrate this to the audience. The main idea behind this type of statistics is to produce 

summaries of the data collected via the questionnaire, which was achieved by producing the 

frequency distribution (bar and pie charts), along with the mean (averages and total) and mode, 

which were presented through summarised tables. This was applied to the whole questionnaire, 

and followed by inferential statistics that presented more intensive data to demonstrate the 

potential relationships between BIM Maturity and KPI metrics. The software used to present the 

complete data structure was SPSS version 25. 

8.4.1 Section 1: General information 
 

The first section of the questionnaire collected general information from participants. This 

section gathered data on participants’ professional background to enable a better understanding 

of where they currently stand within their organisations and to recognise their experience in the 

industry. This reflects the first section of the interviews in reviewing the current levels of 
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adoption and understanding of BIM maturity and the usage of KPI metrics, and by identifying a 

potential linkage between BIM maturity and KPI metrics. This helped to establish an enhanced 

understanding of how participants view these key topics and enable a complete picture of how 

these topics are embedded within their organisations. The participant identified their 

organisational position (strategic, implementation, operational) in which they would be expected 

to conduct the assessment and demonstrated linkages to KPI metrics. A total of 17 questions 

were asked in this section, which are presented in detail in the following sub sections. 

8.4.1.1 Background information 
 

A total of four questions were asked in this section in order to collect information on the 

participants’ backgrounds. This helped to identify the levels of knowledge and experience 

amongst participants in relation to BIM maturity and KPI metrics. Figure 8.1 presents a summary 

of the different types of organisations involved. The results show that more participants were 

classed as working in contractor organisations (24 participants, representing 60% of the sample), 

followed by 13 who worked for a consultancy (32.5%), two selected ‘others’ (5%, namely an 

academic institution and architect practice] and one real estate (2.5%). This suggests that 

contractors were more interested and knowledgeable in this research area and thus able to offer 

their understanding of BIM maturity and KPI metrics. This also indicates that other disciplines 

may lack relevant knowledge on BIM maturity and KPI metrics, and there may be no client 

demand for BIM, which would complement the literature findings which noted no client demand 

for BIM (NBS. 2020).  

 

Figure 8.2 presents a summary of the different types of positions existing in organisations. The 

results show that, from these organisations, more participants were BIM managers (25 

participants representing 62.5% of the sample).  Moreover, 11 selected ‘others’ representing 

27.5% (four of which were design managers representing 10%), two were BIM coordinators, and 

one was in each for the following positions: Researcher, Technologies Research Development & 

Innovation, Owner, BIM designer and Global BIM Lead.  Moreover, two were architects, one was 

a quantity surveyor and one a site manager. This suggests that BIM managers had a greater 

interest in this research. 

Figure 8.1 Type of organisation 
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Figure 8.3 presents a summary of participants’ roles in relation to BIM. Since this was an open-

ended question, various answers were given. By grouping the answers, it shows that more 

participants were involved in the roles related to BIM processes, implementation and adoption 

at 11 participants (28%).  This was followed by management-related with eight participants (20%), 

while seven selected ‘others’ (17.5%), for example a 3D modeler, Enabler, Influencer.  Three had 

coordinator roles and the same number were leaders of companies (7% each), while the 

remaining participants held the following roles (two for each): BIM managers, Designer manager, 

Pivotal, and BIM Champion. This shows that various roles exist in relation to BIM and a variety of 

BIM knowledge existed amongst the participants. It also indicates that BIM managers are more 

likely to be involved in this work, since they have the knowledge of, and expertise in, BIM. 

 

 

 

 

 

 

 

 

 

Finally, Figure 8.4 presents a summary of participants’ years of experience with BIM. The results 

show that 21 participants (52.5%) had at least one to five years of experience, followed by nine 

(22.5%) who had between six to ten years, then seven (17.5%) who had between 11-15 years, 

two who had less than a year, and one who had between 16-20 years’ experience. This shows 

that all participants were sufficiently experienced in BIM with at least one year of experience. 

This also correlates with the NBS survey (2020) in terms of the current levels of BIM adoption 

over time, which demonstrates that participants have developed knowledge on BIM adoption 

and indicates that this research will obtain information from users with levels of BIM experience. 

Figure 8.2 Current position in the organisation 

Figure 8.3 Roles in relation to BIM 
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8.4.1.2 General information on BIM Maturity, KPI metrics, and both combined  
 

A total of 12 questions including three sub questions, were asked in this section to collect 

information from participants on their experience in dealing with BIM maturity and KPI metrics 

and their personal views on whether they could be combined. This helped to identify the levels 

of knowledge and experience amongst participants in relation to BIM maturity and KPI metrics 

and to identify how both could be combined.  

Figure 8.5 presents a summary of Level 2 BIM adoption in organisations from the participant’s 

point of view. Since this was an open-ended question, various answers were given. By grouping 

the answers, it shows that six key topic areas of adoption were provided, and 20 participants 

(50%) were considered as adopting Level 2 BIM across BIM projects. This was followed by ten 

participants (25%) actively working on BIM, five had adopted BIM as authoring tools (12.5%), two 

participants considered that BIM was a requirement (they relied on clients and partially adopted 

BIM), and one applied it in decision-making. This shows that varying methods of adoption of Level 

2 BIM existed amongst the participants in different organisations and greater emphasis was 

placed on BIM usage across multiple projects in these organisations. It also indicates that Level 2 

BIM was applied to BIM projects, which compliments the NBS survey (2020) on the usage of BIM 

across projects, which also suggests the potential for the use of the proposed BIM maturity 

assessment across multiple projects. 

Figure 8.4 Years of experience 

Figure 8.5 Level 2 BIM adoption 
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Figure 8.6 presents a summary of the different types of project types that exist and the type of 

BIM usage amongst participants. The results show that more participants (16 or 40%) would use 

BIM across commercial and institutional projects, while 15 (37.5%) selected others, eight 

indicated usage across all project types, and one across the following: commercial / education / 

residential / healthcare, commercial, institutional, and industrial, Residential, commercial, 

hospitality, transportation, education, education, residential and leisure, and educational, 

nuclear, and oil and gas. This indicated the possible application of the proposed BIM maturity 

assessment across commercial and institutional projects to measure the levels of BIM maturity 

across these types of project. 

 

When asked about their awareness pf BIM maturity assessments, the results showed that 30 

participants agreed to having an awareness of BIM assessments (75%), whereas eight were not ] 

aware (20%), and two stated maybe with reasons given as: “I think we are BIM Level 2 "capable" 

but do not always have the obligation to demonstrate that capability if the client does not require 

BIM level 2 delivery”, and “Some Projects are”. This shows a relatively high level of awareness of 

BIM assessments and would provide a supporting guide through the assessment developed for 

this research. 

Figure 8.7 presents a summary of the BIM maturity assessments, the different types that exist 

and the type of assessment usage amongst participants. The results show that amongst all 

participants (40), more used the CPIx BIM assessment form (15 participants representing 19% of 

the presented BIM assessments), followed by BIM certification (BRE), which was used by 13 

participants (17%). Furthermore, nine participants indicated usage of the Maturity Index and 

likewise, Arup’s BIM maturity assessments (12% each), and eight participants selected others 

(10%) with five indicating usage of internal, in house assessment tools, capability assessments, 

capability questionnaires, BMA templates, and a scoring matrix (7%).  One participant mentioned 

each of the following: BSI, Bespoke, and utilisation processes in accordance with PAS1192-2. 

Moreover, six participants indicated that no BIM assessments existed or were being used in their 

organisation, while five indicated the usage of Bilal Succar’s BIM maturity assessment (7%), four 

each indicated the use of MoJ BIM assessment and the Scottish future trust BIM ROI and grading 

Figure 8.6 Types of projects operating BIM 
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tool (5%), three indicated the usage of Atkins BIM capability model (4%), and finally, one 

indicated that the BIMTaskforce capability compass and upskilling tool was used. These 

assessments align with those emerging from the literature; they assure that BIM maturity 

assessments are adopted within organisations, and that the proposed BIM maturity assessment 

developed from the presented assessments in the literature would be eligible for use and 

potentially  adopted within these organisations. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.8 presents the seven BIM top metrics for the BIM maturity assessment across the three 

organisational levels that were presented in the focus group workshops and interviews.  It also 

notes the type amongst participants in terms of the usage with the top metrics. Based on the 

responses from all participants, more participants (35 or 87.5%) used employers’ requirements 

(EIR, OIR, AIR) across the organisation, followed by 33 (or 82.5%) participants each indicating the 

usage of Delivery, Processes, and sharing. Furthermore, 32 participants selected collaboration 

(80%), 29 selected capital delivery (72.5%), 24 indicated facilities management (60%), two 

indicated none of the BIM metrics were used, and finally, two indicated others.  They stated, “We 

outsource to Specialist to support us with Facilities Management and support for EIR review and 

Delivery and the 3D - 5D; If required”, and “I'm familiar with the above but unsure how they are 

specific to maturity….” This confirms the findings of the workshops and interviews by ensuring 

that users are considered under the three organisational levels, that the proposed BIM maturity 

assessment with its top metrics are relevant and that the assessment is relevant and applicable 

across organisations since the BIM maturity elements are already in use. 

 

Figure 8.7 BIM maturity assessment(s)/ tool(s)/ model(s) 
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Figure 8.9 presents a summary of the potential challenges that exist from using the BIM top 

metrics across the organisation and where participants are positioned within these challenges. 

Thus, 38 participants indicated a number of challenges that currently exist and two left it blank, 

which could indicate that there are either no existing challenges, or the participants were unable 

to indicate the challenges. Based on the responses from 38 participants, the results show 16 key 

challenges, and most challenges related to client understanding and requirements (11 

participants indicated this representing 21% of the total challenges that exist).  Meanwhile, eight 

indicated challenges with a lack of understanding (15%). Furthermore, seven indicated problems 

with the existence of advanced expensive technology (13%), five noted challenges with 

information being misfed or absent (10%), and four commented on cultural change towards BIM 

and a lack of awareness/knowledge or availability of data. Moreover, two participants indicated 

each the following topics: A lack of engagement, capability issues, and excessive time wasted.  

Finally, one participant each noted the following: A lack of support, excessive BIM information, 

deficiencies in work delivery, the spread of data, BIM’s need for information, change 

management, and the challenges faced with BIM adoption across the key areas of people, 

process, and technology. The results suggest that most challenges are associated with the client 

understanding of BIM and the need to make BIM clear, whilst a number of challenges align with 

those presented in the interviews, such as a lack of understanding, capability issues and excessive 

BIM information. The challenges reflect those that emerged from the literature review and 

interview findings indicating that the same challenges occur across the UK client sector, from one 

organisation to another, and amongst different participants across the UK. 

Figure 8.8 BIM top metrics being used in organisation 
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Participants were asked about the use of KPI metrics and how they would be measured. The list 

of KPIs driven by the interviews was used to question and determine various measurement 

techniques. In terms of KPI use across organisations, 33 participants confirmed the application of 

quality (82.5%), 31 noted time (77.5%), and 29 stated cost (72.5%). Furthermore, 26 selected 

health and safety (65%), 21 each for profitability and productivity (52.5% each), 20 each for 

performance and sustainability (50% each), and 18 each for satisfaction and collaborative culture 

(45% each). Finally, one selected ‘others’ (EBITDA and Return customers) (Figure 8.10). Moreover, 

the use of the primary KPI metrics (cost, time, quality) confirms their importance across 

organisations, whilst the application of the secondary KPIs (satisfaction, health and safety, 

performance, profitability, productivity, sustainability), confirms the proposed standardised list 

of KPIs. This corresponds with Ofori-Kuragu et al., (2016) who outlined both primary and 

secondary KPI as a standardised list of metrics for application across organisations. Furthermore, 

collaborative culture emphasises the importance of addressing the cultural aspect as a KPIs, 

which similarly compliments the interview findings. 

 

 

 

 

 

 

Figure 8.9 Challenges to implementing BIM elements in organisation 

Figure 8.10 KPIs to evaluate the success/performance of an organisation 



269 | P a g e  
 

Various techniques were presented to measure KPIs (Figure 8.11). By grouping the answers, it 

demonstrates 11 key topic areas for this measurement, and most participants would measure 

KPIs through different scoring criteria (12 indicated this, representing 30% of the existing 

measuring techniques). This was followed by the application of ROI and measuring tools, such as 

the usage of annual surveys to assess employee engagement, client feedback, time sheets and 

assessments (noted by five (12.5%) participants each). Furthermore, four participants indicated 

each of the following: constant reviews and recording, and not being able to measure them (10% 

each). Moreover, three indicated senior management level process, company turnover and half 

year audits for compliance checking (7.5%), while two indicated the process itself, and profits 

and targets. Finally, one participant (for each) indicated internal, BIM benefits/lessons learned, 

and compare and contrast. This indicates that, in order to measure the KPIs, organisations tend 

to apply a scoring criterion and a percentage indication of fulfilment, which correlates with the 

findings from Constructing Excellence (2004b) and Kiew, Ismail, & Yusof (2012) in applying a 

process of calculating, reporting, and remeasuring KPIs.  

 

 

 

 

 

 

 

 

 

 

 

In terms of individual KPI usage, 32 participants confirmed the application of quality (80%), whilst 

31 (each) stipulated cost and time (77.5% each). Moreover, 23 selected health and safety (57.5%), 

20 (each) for satisfaction and profitability (50%), 17 for performance (42.5%), 16 for productivity 

(40%), 13 for sustainability (32.5%), and 12 for collaborative culture (30%). Finally, two selected 

‘others’, indicating the previous selection of cost, quality and collaborative culture (Figure 8.12). 

The results compliments those found on an organisational basis and the literature, which 

emphasises that the same KPIs (whether primary or secondary metrics) are applied across 

projects on an individual basis.  It also corresponds to the interview findings in noting the need 

for collaborative culture as a KPI metric. 

Figure 8.11 Measuring KPIs within organisations 
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In terms of measuring the KPIs, broadly the same techniques exist, but with slight changes. By 

Grouping the answers (Figure 8.13) demonstrates that more participants would measure the KPIs 

through different scoring criteria (ten indicated this representing 25% of the measuring 

techniques that exist).  This was followed by the process itself and being unable to measure the 

KPIs (at five each representing 12.5% each). Furthermore, four participants indicated constant 

reviews and recording (10%), three indicated each of the following: Measuring tools, reports and 

project reviews, BIM benefits, and lessons learned (7.5% each).  Moreover, two indicated each 

profits and targets, compare and contrast, and other techniques (such as traffic lights), while one 

indicated ‘external’. This compliments the findings from an organisational basis which confirms 

the application of the same mechanism to measure KPIs, and correlates with the literature in 

ensuring a process to remeasure KPIs.  

 

 

 

 

 

 

 

 

 

 

When questioned about assessing the impact of KPI metrics across project/organisational 

performance, the results showed that, on the one hand, 36 participants were able to assess the 

impact of KPIs across project/organisational performance (90%), whilst on the other hand, only 

four disagreed on assessing the impact (10%). This indicates that most participants are able to 

assess the impact of KPI metrics and determine their influence across project/organisational 

performances indicating the importance of the use of KPIs. 

Figure 8.12 KPIs to evaluate the success/performance of construction project on an individual basis 

Figure 8.13 Measuring KPIs across construction projects on an individual basis 
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Figure 8.14 presents a summary of the views on the possibility of combining BIM maturity and 

KPI metrics. Three key topic areas were explored and levels of agreement concerning these topic 

areas were captured. Those are: the ability for BIM maturity and KPIs to work together, the 

potential benefits from combining both, and the direct impact of BIM maturity on organisation 

performance. Furthermore, 22 participants (55%) agreed that BIM maturity and KPIs could work 

together, while 12 (30%) strongly agreed, four (10%) were neutral, two strongly disagreed, and 

none disagreed. This indicates that 85% either agreed or strongly agreed with the possibility of 

combining BIM maturity and KPI metrics to assess project/organisational performance, which 

supports objectives of this study and shows that participants recognised the potential for both 

BIM and KPIs to work together. In addition, 24 participants agreed with the potential benefits 

from combining (60%), nine strongly agreed (22.5%), three were neutral, and two each disagreed 

and strongly disagreed. This indicates that 83% of participants perceive benefits from bringing 

them together. Finally, 26 participants agreed that BIM assessments have a direct impact on an 

organisation’s performance (65%), six each strongly agreed or were neutral (15% each), while 

two each disagreed and strongly disagreed. This indicates that 85% of participants perceive a 

direct impact on organisation when assessing for BIM maturity (Figure 8.14). This supports the 

importance of BIM maturity assessments, which formed part of the objectives for this research. 

 

 

 

 

 

 

 

 

 

As an optional question, participants were asked to provide detail to justify their selection on the 

level of agreement on combining BIM and KPIs. This question was answered by 23 participants 

(57.5%), while 17 did not elaborate further (42.5%) (Table 8.2). Table 8.2 shows 11 key topic areas 

that cover the facilitation of BIM implementation with the integration of KPIs, and most 

discussions (six) were related to linking BIM and KPIs outcomes. Furthermore, three indicating 

each of the following outcomes: Unable to or experience difficulties in measuring BIM/KPIs, the 

extraction of benefits, and financial issues. Moreover, two indicated the need to evaluate the 

impact of BIM maturity on the business, while one indicated each of the following outcomes: 

Figure 8.14 Views on combining BIM maturity and KPI metrics (level of agreement) 
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Delivery of a tool “Industry wide tool”; clients receiving data on KPIs “KPIs to provide clients data 

to be easily understood and promote importance of BIM”; project performance and organisation 

influencing on each other “Project performance and organisation capabilities could work 

together”; reviewing and reporting- “BIM to be an integral part of the review & reporting 

processes”; introduction to training “BIM assessment to asses level of BIM in the organisation so 

further training could be delivered to bring more values to BIM”, and ROI “To demonstrate ROI”. 

This indicates that the facilitation of BIM maturity and KPI metrics could work in various ways, 

and these suggestions could provide a number of guidelines for consideration. This indicates the 

importance of BIM maturity and KPI metrics working together to allow the integration and reflect 

the project and organisational performances for UK clients. 

 

 

 

 

 

 

 

 

 

 

 

8.4.1.3 Determining the organisational level 
 

Finally, participants were asked to indicate their organisational level, which would confirm the 

validity of the proposed BIM maturity assessment.  This question would then take participants to 

the questions related to each organisational level in order to assess their level of maturity, and 

identify the strength of relationship between KPIs and the BIM maturity sub metrics. As 

previously mentioned, 15 participants did not answer these questions as they were unable to 

determine their organisational level, thus this section was answered by 60 participants. However, 

since some participants did not complete the BIM maturity assessment and determine its linkage 

to the KPI metrics (ten participants across the strategic level, four at the implementation level, 

four at the operational level, and three were unable to determine the benefits of the combined 

BIM Maturity-KPI assessment), only 40 completed responses were returned.  Thus, the results 

are based on these forty responses.  

Table 8.2 Facilitating the integration of BIM with KPIs 
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Figure 8.15 presents a summary of the organisational level. The results show that most 

participants (19 representing 47.5% of those who answered this section) positioned themselves 

on the implementation level, followed by 11 on the strategic level (27.5%), and ten on the 

operational level (25%). This suggests that the assessment would be filled out more often with 

users who would hold positions related to that level, such as Information Managers, which 

ensures that the strategic goals are outlined, as indicated in the organisational level description.  

 

8.4.2 Section 2: Assessment on BIM Maturity and KPI metrics 
 

Having identified their organisational level position, the second section of the questionnaire 

examined the potential relationships between the BIM Maturity metrics, as conducted in the 

interviews, and the KPIs through the list of KPI metrics that were finalised from the interview 

findings. At this stage, the questionnaire was directed at their particular organisational level, 

based on their answer to the last question in the previous section. Therefore, for each of the 

organisational levels participants were required to identify their organisational level 

performance or their BIM project performance level. This aims to ensure that the assessment 

would work in either organisational or project levels. Participants were then asked to select their 

maturity level and then to determine the strength of relationship between each KPI and BIM 

Maturity metric. For the strategic and implementation levels, 11 BIM Maturity metrics were 

considered alongside the KPI metrics, while 12 BIM Maturity metrics were included for the 

Operational level.  

Prior to the assessment, participants were asked to note whether they were basing their 

responses on organisational or project levels; this aimed to determine where the assessment 

would work best (Figure 8.16). The results show that, at the strategic level, more participants 

would fill out the assessment based on this organisational level (six out of eleven indicated this, 

representing 54.5% of those at this organisational level). The remaining five would fill out the 

assessment out from a BIM performance level (45.5%). For both the implementation and 

Figure 8.15 Results of the organisational level position 
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operational levels, more participants completed the assessment on a BIM project performance 

level.  Thus, 12 of 19 indicated the implementation level (63.2%) while seven selected the 

organisational performance level (36.6%), six out of ten indicate the operational level (60%) and 

four selected the organisational performance level (40%). The totals indicate that 23 participants 

across the three organisational levels completed the assessment based on a BIM project 

performance level (57.5%), and 17 from an organisational performance level (42.5%) This 

confirms and validates the findings that the presented would work across both the organisational 

and project performance levels.  

 

The findings show that 40 participants agreed that the proposed BIM maturity assessment was 

valid and could be used across their working practices whether at a project or organisational level, 

or across one of the three organisational levels (strategic, implementation, operational) to 

determine the potential links between BIM maturity and KPI metrics. This aligns with the research 

aim in developing an assessment to determine the linkage and enhance UK clients performance. 

The next section will present the findings related to the proposed BIM maturity and KPI 

assessment across the three organisational levels, which will consist of descriptive and inferential 

statistical analysis. 

8.4.2.1 Organisational level: Descriptive and inferential statistics  
 

Similar to the interviews, the participants who assigned themselves to one of the organisational 

levels were required to assess their level of maturity across the BIM Maturity metrics that were 

relevant to their organisational level.  After this, they were asked to determine the strength of 

relationship across the identified list of KPI metrics (from the interview findings) with the BIM 

Maturity metrics, which were aligned to each organisational level. Hence, the results will be 

analysed through: 

Figure 8.16 Completing the assessment across three organisational levels (project/organisational) 
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1) The mode (frequency of occurrence in BIM Maturity and KPI metrics), and  

2) The Mean (averages of the scores for both).  

The following analysis will also be demonstrated: Non-parametric tests of ordinal data, which will 

be analysed through the Chi square and Kruskal Wallis test of relationships and significance, 

Spearman correlation strength of relationship tables, and linear regression scatter plots. The p 

(or probability) value obtained is a measure of how likely that any observed correlation is due to 

chance. Values range from 0 (0%) to 1 (100%), and with a significance level of 0.05; this examines 

the alternative hypothesis (H₁) that there is a correlation between the BIM maturity and KPI 

metrics. This will be conducted in three steps;  

1) Demonstrate the Chi square and Kruskal Wallis tests of relationship and independence to 

examine: the Null Hypothesis (H˳)= No relationship and there is no independence 

(dependence) between the variables and their groups, and Alternative Hypothesis (H₁) = there 

is a relationship and independence between the variables and their groups (Table 8.3).  

 

 

2) Determine the strength of relationship results achieved between the variables to identify 

which has a negative or a positive correspondence and where the relationships fall between 

‘no relationship’ to ‘strong’.  

3) Illustrate the linear regression results through scatter plots to determine whether there is a 

linear relationship between the BIM maturity and KPI metrics if positive (BIM maturity levels 

increase and the KPI relationship increases) or negative (BIM maturity levels increase and KPI 

relationship decreases or vice versa); to predict how BIM maturity relates to the KPI metrics, 

and the value change that occurs from BIM maturity levels on the KPI relationship. 

The correlation coefficient is used to represent the linear relationship between two variables 

(BIM maturity and KPI metrics). Correlation indicates the strength of relationship (no, strong, 

medium, weak) between variables and depicts the degree to which the two variables are 

correlated. Thus, correlation indicates the extent to which two variables move together and 

determines a co-relationship between two variables (BIM maturity and KPI metrics). On the 

contrary, regression estimates if there is a linear relationship that exists between a dependant 

variable (KPI metrics) on a set of independent variables (BIM maturity metrics). It describes how 

Table 8.3 Chi Square and Kruskal Wallis tests assumptions across all organisational levels 
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an independent variable is numerically related to the dependent variable and is used to 

determine the best line of fit in a scatter plot with an equation of ŷ=a+bX and R² linear= ±0-1. R² 

linear is considered a measure of the accuracy or prediction power of the regression model (Field, 

2017). Hence, regression reflects the impact of the value change in the independent variable (X) 

on the dependent variable (ŷ) (Field, 2017; Saunders et al., 2016).  

To conduct the different descriptive and inferential analysis techniques assigned to this research, 

the reliability of the relationships between BIM Maturity and KPI metrics were examined to study 

the internal consistency and ensure that the results obtained were reliable. Cronbach’s alpha is 

an acceptable and common method for checking the internal consistency of data (Field, 2005). 

Cronbach's Alpha is a test statistic used to assess the reliability of scales used in the measurement 

of data (Field, 2005). Based on a numerical scale from 0-1, results returned with a value of >0.9  

indicate an excellent internal consistency. Values between 0.8-0.9 would indicate good 

consistency, 0.7-0.8 acceptable consistency, 0.6-0.7 questionable consistency, 0.5-0.6 poor 

consistency, and <0.5 an unacceptable inconsistency (Gliem and Gliem, 2003). This research 

proposes to explore and examine the potential relationships between BIM Maturity and KPI 

metrics through a proposed BIM maturity assessment that links with the KPI metrics, and checks 

the reliability of the presented data. Thus, a Cronbach’s alpha test is conducted to check the 

results of the reliability test across the three organisational levels. The test was computed to 

assess the reliability of the scales used for the measurement of the relationship between BIM 

Maturity and KPI metrics across all organisational levels.  This yielded excellent values for all three 

levels: 0.978 (strategic), 0.977 (implementation), and 0.993 (operational). Therefore, the 

evidence shows that the assessment conducted to test this relationship was valid and reliable 

(Table 8.4). 

 

 

Having presented the descriptive and inferential statistical process to analyse the results of the 

proposed BIM maturity assessment and its linkage to the KPI metrics across the three 

organisational levels, the next section will present the results of the descriptive and inferential 

statistics across the strategic level. 

 

Table 8.4 Test of reliability across the Strategic, Implementation and Operational 

levels 
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8.4.2.2 Strategic level: BIM maturity and KPI assessment results 
 

This section presents the descriptive and inferential statistical analysis and findings of the 

strategic organisational level assessment (Table 8.5). 

 

Across the 11 participants involved at the strategic level and based on the overall scores, one 

participant was found to be at the Awareness maturity level, four at the Occasional application 

level, and six at the Consistency level. This indicates that six participants were already at a higher 

maturity level and potentially performing well within their organisations, whereas the remaining 

five users, who were between the Awareness and Occasional application levels, could need to 

review their current organisational sub metric scores and determine the actions needed to move 

from Awareness and Occasional application to Consistency. Table 8.6 presents a summary of 

the scoring levels for each participant and shows a matrix of alignment between their overall 

scores and the individual sub metric score. This helps to determine which sub metrics would be 

maintained (Consistency) since this is the highest level of maturity, and the sub metrics that need 

to be improved (Awareness and Occasional application) to move from one level to another 

through a set of actions (Section 7.4.5). A demonstration of the most frequent answers given to 

each sub metric and the overall frequency are presented below along with the averages and total 

of the sub metric individual scores. 

Table 8.5 Strategic organisational level results 

Table 8.6 Strategic level: Participant scores and maturity level average 
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Table 8.6 indicates that participants at the strategic level have maturity scores that are either 

Awareness (1-1.6), Occasional Application (1.6-2.4), and Consistency (2.4-3). The sub metrics 

with an overall score of Consistency were: Collaboration Process (2.45), Process and Standards 

(2.55), Design Elements (2.45), and EIR (2.45). The descriptor for each sub metric at this level is 

given. The seven remaining sub metrics were at the Occasional application level and no sub 

metric had an overall level of Awareness. Only three participants had individual scores for some 

sub metrics, which were at the Awareness level, whereas the remaining scores ranged from 

Occasional application to Consistency. This shows that only a few of the participant’s sub metrics 

scores were categorised as ‘General Knowledge and understanding of BIM metrics, but is 

sometimes not being recognised across the organisation’, while most sub metrics at the 

strategic level were either ‘Partial Application of BIM and is somehow recognised, but not 

embedded generally’ or ‘Full application and maintaining BIM strategic level, embedded across 

projects generally, consistently recognised’. This indicates that most participants at the strategic 

level are at the second maturity level and that the sub metrics are applied within their 

organisations, whether partially or fully. As a result, participants showed that the Collaboration 

process and Processes and Standards, are fully applied and compliant with BIM standards.  

Moreover, for Information Requirements, both Design Elements and EIRs are fully understood 

and meet the BIM standards. In general, the scores that are classed as either Awareness or 

Occasional application need to be reviewed to enable participants to move to - and maintain - 

the Consistency level; this would require a set of actions (Section 7.4.5). 

1. Descriptive: Frequencies and Relationships between BIM maturity and KPI metrics  
 

Table 8.7 presents results of the KPI metric relationships averages (Mean) with the BIM maturity 

metrics.   

 Table 8.7 KPIs strength of relationship frequency and average (Relationship)  
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 The legend for the KPI strength of relationships is as follows: 0= No relationship (None), 1= Not 

Significant(Weak), 2= Moderate (Medium), 3= Significant (Strong). The formula for the averages 

is as follows: 0-0.75= No relationship, 0.75-1.5= Not Significant (Weak), 1.5-2.25= Moderate 

(Medium), and 2.25-3= Significant (Strong). The strength of relationships is split equally since it 

is predicted that participants would provide average scores that range from ‘No relationship’ to 

‘Significant’; hence, it was distributed in that manner. However, the majority of the relationships 

indicate a relationship, whereas minor scores would indicate that there is no relationship.  

Table 8.7 indicated that participants gave strength of relationship scores that ranged from ‘Not 

Significant (Weak)’, ‘Moderate (Medium)’, and ‘Significant (Strong)’, although no scores were 

given that fell under ‘No relationship’.  This indicates a relationship between BIM maturity and 

all of the KPIs. Across the KPI relationship averages with all of the BIM Maturity sub metrics, 

Collaborative Culture had a frequency and total of Significant (2.29), which indicates that 

participants see a significant relationship with collaborative culture across all BIM Maturity sub 

metrics.  In comparison, the rest of the KPIs had a frequency and total of Moderate (1.56-2.10), 

which shows that all participants see a moderate relationship with those KPIs across all of the 

BIM metrics. In terms of frequency with the KPI metrics across all the BIM Maturity sub metrics, 

Table 8.7 shows that the KPIs with a significant relationship across all of the BIM Maturity sub 

metrics were:  

• Cost with EIR,  

• Time with Collaboration Process and EIR,  

• Quality with Collaboration Process, Process and Standards, and EIR,  

• Satisfaction with GSL Champion Engagement,  

• Profitability with EIR,  

• Productivity with EIR, and  

• Collaborative culture with Collaboration Process, Process and Standards, Roles and 

Responsibilities, Level 2 Education and Training, Design elements, and GSL Champion 

Engagement.  

This shows that most of the KPIs had a strong relationship frequency with EIRs indicating a 

stronger link between EIRs and the KPI metrics. Collaborative Culture had a strong relationship 

with most of the BIM Maturity sub metrics indicating a stronger link between Collaborative 

Culture and the BIM maturity metrics and ensuring the importance of Collaborative Culture as a 

KPI. The remaining BIM Maturity and KPI metrics that had a strong relationship confirm that these 

metrics are strongly related to one another and it was possible to see which reflected on another 
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(BIM maturity increase and KPI strength of relationship increases). The KPIs with a ‘Not 

Significant’ relationship frequency across all BIM maturity sub metrics were: Satisfaction with 

Process and Standard, Health and Safety with Design Elements and AIR, Profitability with 

Process and Standards and Contractual agreements, and Sustainability with Collaboration 

Process. Thus, these KPIs will be reviewed to identify the existing issues that result in this 

relationship level, and to identify the actions to upskill and move from one level to another, as 

based on the proposed action plan (Section 7.4.5). The remaining BIM Maturity and KPI metrics 

had a moderate relationship, which indicates stability for both variables. It also suggests a 

relationship at the same level, which could be reviewed to enable a stronger connection.  

Organisations at this level (strategic) would implement the proposed strong relationship and 

invest more in strong relationships since they help to enhance the organisational performance. 

Metrics for the medium relationships or below would need to be reviewed to determine the 

actions required to strengthen this and allow the BIM Maturity and KPI metric relationships to 

move to the next level. 

2. a) Inferential: Chi square test of relationship between BIM Maturity and KPI metrics  
 

An example of Chi square tests across the strategic organisational level is presented in Table 8.8.  

 

The assumptions carried out in the Chi square test will follow those in Table 8.3 in order to 

examine the Null Hypothesis (H˳) = No relationship exists between BIM maturity and KPI metrics. 

Table 8.8 shows that, across the selected example from the strategic organisational level, values 

were returned with a range of scores between .007_.529. This shows all values are p>0.05 except 

for performance (0.007), indicating that there is no statistical significance in the result.  

Therefore, the null hypothesis (H˳) that there is no relationship between Collaboration process 

and the KPIs was rejected.  Only performance (0.007) had a value ρ<0.05, indicating that there is 

a statistical significance in the result, and the null hypothesis (H˳) that there is no relationship 

between Collaboration process and Performance is accepted. It is predicted that most of the cells 

would not return significant results, thus rejecting the null hypothesis (H˳) that there is no 

Table 8.8 Chi Square tests of collaboration process and the KPIs  
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relationship between BIM maturity and KPI metrics, which validates the research findings that 

there is a relationship between both variables (BIM Maturity and KPI metrics). Across both 

variables at the strategic organisational level, similar results were returned with values p>0.05.  

This shows that there is no statistically significant result and therefore, there is a relationship 

between BIM Maturity and KPI metrics across all organisational levels, which answers the 

research question ‘is there a relationship between BIM maturity and KPI metrics?’ 

 

 
Table 8.9 demonstrates the results of the Chi square test across the strategic organisational level. 

Those highlighted are the values which returned p<0.05 indicating that that there is no 

relationship between BIM Maturity and KPI metrics. These are as follows: Time with Function 

(0.029) and Contractual agreements (0.020), Quality with Contractual agreements (0.029), 

Performance with Collaboration process (0.007), and Productivity with Contractual agreements 

(0.029).  This indicates that a relationship exists between BIM maturity and KPI metrics. 

 

2. b) Kruskal Wallis test of independence between BIM maturity and KPI metrics 
 

An example of Kruskal Wallis test of independence across the three organisational levels are 

presented in Table 8.10.   

 

Table 8.9 Chi Square tests results  

Table 8.10 Kruskal Wallis tests of collaboration process and the KPIs 
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The assumptions carried out in the Kruskal Wallis will follow those presented in Table 8.3 which 

examines the Alternative Hypothesis (H₁) = Independence exists between BIM maturity and KPI 

metrics where the KPI strength of relationship does not depend on the BIM maturity metric 

levels. Table 8.10 shows that, across the selected example (Collaboration process and the KPIs), 

values were returned with a range of .079_.919. This indicates that, values ρ< 0.05 indicate a 

statistically significant result, and therefore a rejection of the alternative hypothesis (H₁) that 

there is independence between Collaboration process and the KPIs metric. In comparison, values 

ρ> 0.05 indicate no statistical significance in the result and therefore the alternative hypothesis 

(H₁) that there is independence between the Collaboration process and KPI metrics is accepted. 

Across both variables for this organisational level, similar results have been returned with values 

p>0.05, which shows that there is no statistically significant result and therefore, there is 

independence between the BIM Maturity and KPI metrics across all organisational levels.  This 

shows that the KPIs’ strength of relationships do not depend on the BIM maturity levels, and thus 

do not impact on one another. Table 8.11 demonstrates the results of the Kruskal Wallis test 

across the organisational (strategic) level, and those highlighted are the values which returned 

p< 0.05 indicating that the KPI strength of relationship depends on the BIM maturity levels. 

 

Table 8.11 shows no highlighted values, which indicates independence between the BIM maturity 

and KPI metrics and shows that the KPI strength of relationships did not depend on the BIM 

maturity levels.  Thus, they do not impact on one another across the organisational level.  

 

Table 8.11 Kruskal Wallis test results 
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3. Spearman Correlation Coefficient analysis 
 

It is necessary to examine the relationship between the BIM Maturity and KPIs metrics with 

ordinal data presented in maturity levels and strength of relationships. Thus, a Spearman 

correlation will be used to demonstrate if the maturity and metrics move in the same direction 

and to examine the strength of relationship. The analysis will show the strength of correlation 

between both variables with the significant (2 tailed) values ranging between 0(0%) to 1(100%), 

corresponding significant (Sig.) **ρ=0.01 (99% probability) level and *ρ=0.05 (95% probability) 

level, and N (number of participants involved in each organisational level). The null hypothesis 

(H˳) assumption is that there is no correlation between the BIM maturity and KPI metrics data 

sets. A Sig. value close to 1 suggests no correlation other than due to chance and that the null 

hypothesis assumption is correct. If the Sig. value is close to 0, the observed correlation is unlikely 

to be due to chance and there is a very high probability that the null hypothesis is wrong. With 

values ranging from 0 to 1, and with significance levels of **0.01 and *0.05, this test will examine 

the strength of evidence to reject the null hypothesis (H˳), as follows (Figure 8.17): 

 

 

1. Should the results return values at a significance level of *0.05 and more than 0.1 (more than 

10% chance), the probability level = BIM maturity and KPI metrics returning correlation values 

of more than 0.1, which is not statistically significant, and thus there is very weak evidence to 

reject the H˳.  

2. Should the results return values at a significance level of *0.05 and between 0.1-0.05 (between 

10%-5% chance), the probability level = BIM maturity and KPI metrics returning correlation 

values between 0.1-0.05, which is not statistically significant, and thus there is weak evidence 

to reject the H˳. 

3. Should the results return values at a significance level of *0.05 and between 0.05-0.01 

(between 5%-1% chance), the probability level = BIM maturity and KPI metrics returning 

correlation values between 0.05-0.01, which is statistically significant, and thus strong 

evidence to reject the H˳. 

4. Should the result return values at a significance level of **0.01 and less than 0.01 (less than 

1% chance), the probability level = BIM maturity and KPI metrics returning correlation values of 

less than 0.01, which is statistically significant, and thus very strong evidence to reject the H˳. 

Figure 8.17 Statistical significance and probability assumptions (Field, 2017; Laerd. 2018) 
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In other words, a 5% (p= 0.05) probability level or below indicates a statistical significance with 

at least 95 in every 100 participants who, if undertaking the same investigation, would produce 

a similar statistically significant correlation from their data analysis (Laerd. 2018).  

 

Table 8.12 presents the results of the strategic organisational Spearman correlations. The results 

show that BIM Maturity and KPI metrics reported a number of Sig. values ranging from 0.007 to 

0.034, which are highlighted in black. Only a limited number of values were returned at significant 

ρ=**0.01 (99% confidence levels and this means the value will be considered significant if is 

between 0.001 to 0.010) and ρ=*0.05 (95% confidence levels and this means the value will be 

considered significant if is between 0.010 to 0.050) which are highlighted in the table. The KPI 

returning a ρ=**0.01 level and less than 0.01 indicating very strong evidence to reject the null 

hypothesis is: Satisfaction with Facilities Management Education and Training (.753**; ρ=0.007). 

The KPIs that returned a ρ=*0.05 level and between 0.05-0.01 indicated that there is strong 

evidence to reject the null hypothesis.  These are:  

• Cost with Level 2 Education and Training (.687*; ρ=0.019),  

• Time with the following: Level 2 Education and training (.671*; ρ=0.024); EIR (.648*; 

ρ=0.031); GSL Champion Engagement (.695*; ρ=0.018),  

Table 8.12 Spearman Correlation Coefficient 
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• Quality with the following: Level 2 Education and training (.670*; ρ=0.024); AIR (.689*; 

ρ=0.019); Facilities Management Education and training (.639*; ρ=0.034),  

• Satisfaction with Collaboration process (.712*; ρ=0.014),  

• Health and Safety with Facilities Management Education and training (.670*; ρ=0.024),  

• Performance with Level 2 Education and Training (.714*; ρ=0.014),  

• Profitability with Level 2 Education and Training (.715*; ρ=0.013),  

• Productivity with the following: Level 2 Education and training (670*; ρ=0.024); Facilities 

Management Education and training (.714*; ρ=0.014),  

• Sustainability with Design Elements (.662*; ρ=0.027), and  

• Collaborative Culture with Procurement route (.696*; ρ=0.017).  

The next step will demonstrate the positive and negative correlations and strength of 

relationships according to the given numerical values. This information will then be translated to 

colour coded tables to analyse the presented data, and the range of values will be described to 

explain the data in more detail. Should the results return positive values across the correlated 

variables (BIM Maturity and KPIs), this would indicate that, as the level of maturity increases or 

decreases, the KPI strength of relationships also increases or decreases. Values that are negative 

indicate that as the level of maturity increases, the KPI strength of relationships decrease, and 

vice versa. To describe the numerical values clearly, a correlation matrix table was presented. 

There have been many interpretations across different studies for the correlation rule of thumb. 

This is described in Table 8.13, which presents eight different interpretations of the correlations. 

Table 8.13 Interpretation of correlation coefficient comparisons 
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Table 8.13 shows Pearson’s correlation (Cohen, 1988), Spearman correlation (Hong, 2014), and 

a combination of both. A correlation coefficient (ρ value) closer to 1 would indicate a positive 

(+1) or a negative (-1) correlation, whereas a ρ value closer to 0 would indicate no correlation. 

Due to the authors’ different research areas and the comprehensiveness of their different 

interpretations, this is based on a non-parametric rule of thumb, since the greatest importance 

should be given to avoid misunderstanding when reporting correlation coefficients and naming 

their strengths. For this research, Dancey and Ridey’s (2004) statistical interpretation (rule of 

thumb) was selected for interpretation. The essence of this test is to visualise the strength of 

relationships (No relationship to Strong) between the BIM maturity and KPI metrics to determine 

how the KPI metrics relate to the BIM maturity levels.  It also enables the researcher to determine 

the strength of evidence, whereby as the BIM maturity levels increases, the KPIs’ strength of 

relationship increases if values are returned positive. Moreover, the strength of evidence 

determines that, as the BIM maturity levels increase the KPIs’ strength of relationship decreases 

or vice versa, if values are returned negative. Figure 8.18 illustrates how this data will be 

described. 

   

Based on the selected rule of thumb and correlation interpretation, Figure 8.18 indicates that 

values with a positive correlation occur when the maturity level increases or decreases, and the 

KPIs relationship moves in the same direction (increase or decrease).  The range extends from no 

relationship (0.000) to strong (1.000) on the right-hand side of the 0.000 value. Values with a 

negative correlation occur when the BIM maturity level increases, and the KPI relationships 

decreases, and as the BIM maturity level decreases, the KPI relationship increases.  This ranges 

from no relationship (0.000) to strong (-1.000) on the left-hand side of the 0.000 value, and thus 

moves in a different direction. The strength of relationship (No relationship to Strong) 

determines the BIM maturity and KPI metric relationships.  Moreover, in order to determine the 

strength of evidence, the BIM maturity levels increases when the KPIs strength of relationship 

increases. Figure 8.19 and Table 8.14 demonstrate the results of the strategic level according to 

this description.

Figure 8.18 Correlations: Strength of relationship 
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Figure 8.19 Spearman Correlation Coefficient: Strength of relationship 
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Figure 8.19 and Table 8.14 show that, in terms of the correlation coefficient values:  

1) All KPI metrics returned a significant correlation with the BIM maturity metrics. 

2) The returned significant values were all positive indicating that, as the BIM maturity levels 

increase, the KPI strength of relationship with BIM maturity increases. 

3) The returned positive significant values of BIM maturity and KPI metrics indicate a strong 

relationship between BIM maturity and KPI metrics and strong evidence that, as the BIM 

maturity levels increase, the KPI strength of relationship with BIM maturity increases.  These 

are: Satisfaction with Collaboration process (.753**; ρ=0.007), Satisfaction with Facilities 

Management Education and Training (.753**; ρ=0.007), Performance with Level 2 Education 

and Training (.714*; ρ=0.014), Profitability with Level 2 Education and Training (.715*; 

ρ=0.013), Productivity with Facilities Management Education and training (.714*; ρ=0.014). 

4) The returned positive significant values between BIM maturity and KPI metrics indicate a 

medium relationship between BIM maturity and KPI metrics and medium evidence that, as 

the BIM maturity levels increase, the KPI strength of relationship with BIM maturity increases.  

These are: Cost with Level 2 Education and Training (.687*; ρ=0.019), Time with the 

following: Level 2 Education and training (.671*; ρ=0.024); EIR (.687*; ρ=0.019); GSL 

Champion Engagement (.695*; ρ=0.019), Quality with the following: Level 2 Education and 

training (.670*; ρ=0.024); AIR (.689*; ρ=0.019); Facilities Management Education and 

Table 8.14 Spearman Correlation Coefficient: Strength of relationship 
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training (.639*; ρ=0.034), Productivity with Level 2 Education and training (.670*; ρ=0.024); 

Sustainability with Design Elements (.662*; ρ=0.027), and Collaborative Culture with 

Procurement route (.696*; ρ=0.017). 

5) The results indicated that Time, Quality, Satisfaction, Profitability, and Collaborative Culture 

returned positive values indicating either, as the maturity level increases/decreases the KPI 

relationships increase/decrease as the strength of relationship and strength of evidence 

values range from No relationship (0.000) to Strong (.753).  

6) The results indicated that Cost, Health and Safety, Performance, Productivity, and 

Sustainability returned negative values indicating opposition. Thus, as maturity levels 

increase/decrease, the KPI relationships decrease/increase as the strength of relationship and 

strength of evidence values range from No relationship (-0.092) to Medium (-0.303). Four 

values were returned as no relationship and with no evidence, which are as follows: Health 

and Safety with Contractual agreement and Procurement Route, Productivity with 

Contractual agreement, and Sustainability with Contractual agreement. Two values were 

returned as a weak relationship and with weak evidence (-0.280_-0.124), which are as follows: 

Cost with Collaborative Process, and Performance with Collaborative Process. One value was 

returned as a moderate relationship and with moderate evidence, which is Performance with 

Process and Standards. 

7) The greatest strength of relationship and evidence values were returned in the positive 

moderate category, and the lowest values returned were in the negative moderate category, 

which indicates more of a moderate relationship with moderate evidence.  Thus, as the BIM 

maturity levels increase, the KPI strength of relationship with BIM maturity increases. 

Having presented the findings of the Spearman correlation coefficient, the next section will 

discuss the findings of the regression analysis. 

4. Regression analysis 
 

As mentioned previously, linear regression analysis is one of the most popular tests for predicting 

performance across several independent variables and a single dependent variable (Hair et al., 

1998). Thus, linear regression helps to identify one or more variables based on their explanatory 

powers (influence over a dependent variable) (Blaikie, 2003). A linear regression method is used 

to deliver the cause and effect between BIM Maturity and KPI metrics through a scatter plot 

diagram, since the data presented should reveal whether there is a linear relationship between 

BIM Maturity and the KPI metrics, and if the impact of the value change in the independent 

variable (BIM Maturity) impacts on the dependent variable (KPI metrics). The analysis will display 
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a list of scatter plots which will determine if there is a linear relationship between BIM Maturity 

and the KPI metrics, which will determine the best line of fit in a scatter plot with a regression 

equation of ŷ=a+bX and R² linear= ±0-1 (Field, 2017). The results will predict the overall 

performance of the BIM maturity and KPI metrics across all organisational levels. The 

interpretation of the scatter plots is shown in Figure 8.20. 

 

Figure 8.21 presents the results of the linear regression analysis conducted on the maturity level 

averages and the total KPI relationship averages at the strategic level. The scatter plot tables 

between BIM maturity and each KPI are available in Appendix G. 

 

 

 

 

 

 

 
 

 

 
With regard to the BIM Maturity and KPI metrics averages at the strategic level, the regression 

equation returned after entering the data was: ŷ=0.48+0.63X, and the R² Linear=0.570. According 

to Figure 8.21, the scatter plot demonstrated a positive linear relationship; thus, as BIM maturity 

increases, the KPI metrics increase at the strategic level. Table 8.15 presents the complete list of 

results for the strategic organisational level. 

 

 

 

Figure 8.20 Scatterplots interpretation diagram (CQE academy, 2019; Field, 2017; Pythagoras. 2014) 

Figure 8.21 Scatter plot between BIM maturity and the KPI relationships at the strategic level 
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Table 8.15 shows that the following KPIs returned a positive regression, indicating that, as the 

BIM maturity levels increase, the KPI strength of relationship increased across the strategic level:  

• Weak= Cost, Health and Safety, Performance, Profitability, Collaborative Culture,  

• Moderate= Time, Quality, Productivity, and the total BIM maturity and KPIs.  

This shows that the aforementioned KPI strength of linearity would depend on the BIM maturity 

levels and would move in the same direction, such that as BIM maturity levels increase, the KPI 

strength of relationship also increases. The following KPIs returned a negative regression 

indicating the opposite direction; thus, as the BIM maturity levels increases/decreases, the KPI 

strength of relationship decreases/increases: Weak= Satisfaction and Sustainability. This 

indicates that the afore-mentioned KPI strength of linearity would not depend on the BIM 

maturity levels and it would move in a different direction (as BIM maturity levels 

increases/decreases, the KPI strength of relationship decreases/increases).  

Having presented the analysis and findings of the strategic organisational level, the next section 

presents the analysis and findings of the implementation organisational level. 

 

 

 

 

 

 

 

Table 8.15 Scatter plot diagram strength of linearity relationship results 
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8.4.2.3 Implementation level: BIM maturity and KPI assessment results 
 

This section presents the descriptive and inferential statistical analysis and findings of the 

implementation level assessment (Table 8.16). 

 

Across the 19 participants involved at the implementation level and based on the overall scores, 

none were at the Awareness maturity level, 13 were at the Occasional application level, and six 

were at the Consistency level. This indicated that six participants were already at a higher 

maturity level and potentially performing well within their organisations.  The remaining 13 were 

at the Occasional application, which suggests that these users could review their current 

organisational sub metric scores and determine actions to take to move from Occasional 

application to Consistency. Table 8.17 presents a summary of the scoring levels for each 

participant and shows a matrix of alignment between their overall scores, and the individual sub 

metric score. This helps to determine which sub metrics should be maintained (Consistency) at 

the highest level of maturity, and the sub metrics that could be improved (Awareness and 

Occasional application) to move to the next level (Section 7.4.5). A demonstration of the most 

frequent answers given to each sub metric and the overall frequency is given along with the 

averages and total of the sub metric individual scores. 

 

Table 8.16 Implementation organisational level results 

Table 8.17 Implementation level: Participant scores and maturity level average 

average 
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Table 8.17 indicates that participants at the implementation level have given maturity scores 

ranging from Awareness to Consistency. The sub metrics with an overall score of Consistency 

were as follows: Uses (2.47), BEP (2.47), Design Elements (2.68), and EIR (2.47). The descriptor 

of each sub metric at this level is given. The seven remaining sub metrics were at the Occasional 

application level and no sub metric had an overall level of Awareness. Ten participants had 

individual scores for some sub metrics that were at the Awareness level, whereas the remaining 

scores ranged from Occasional application to Consistency. This shows that only a few of the sub 

metric score fell under Awareness with most at the implementation level.  This indicates that 

most participants at the implementation level are at the second maturity level and that the sub 

metrics are applied within their organisations whether partially or fully. As a result, in terms of 

Processes, participants showed that both BIM uses and BEP are fully outlined and not tailored to 

specific projects, and that clients are able to review them.  In terms of Delivery, both CDE and 

Information Exchanges are defined and compliant with BIM requirements. In general, the scores 

that are either Awareness or Occasional application need to be reviewed to enable participants 

to move to - and maintain - the Consistency level (Section 7.4.5).  

1. Descriptive: Frequencies and Relationships between BIM maturity and KPI metrics 
 

Table 8.18 presents results of the KPI metric relationships with the BIM maturity metrics.  

 

Table 8.18 indicates that participants have given strength of relationship scores that ranged from 

Not Significant (Weak), Moderate (Medium), and Significant (Strong), and no scores were 

classed as No relationship.  This indicates a relationship between BIM maturity and all KPIs. 

Across the KPI relationship averages with all of the BIM sub metrics, the following had either a 

frequency or total of Significant: Time (2.28), Quality (2.39), Satisfaction (2.33), Performance 

Table 8.18 KPIs strength of relationship frequency and average (Relationship) 
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(2.26), Productivity (2.32) and Collaborative culture (2.46), which indicates that participants see 

a significant relationship with the aforementioned KPI metrics across all the BIM sub metrics.  

The rest of the KPI metrics had a frequency and total of Moderate (1.70-2.18), which shows that 

all participants perceived a moderate relationship with the remaining KPIs across all of the BIM 

metrics. In terms of the frequency of the KPIs across all BIM metrics, Table 8.18 shows that KPIs 

with a significant relationship across all the BIM metrics were:  

• Cost with MPDT, RM, CDE, and Information Exchange,  

• Time with Uses, Suppliers assessment forms, BEP, TIDP, MPDT, Information Exchange, 

and COBie data,  

• Quality with EIR, BEP, TIDP, MPDT, RM, and COBie Data,  

• Satisfaction with EIR, BEP, MPDT, CDE, and Information Exchange,  

• Performance with BEP, TIDP, RM, and CDE,  

• Profitability with RM, and CDE,  

• Productivity with Uses, RM, CDE, and Information Exchange, and  

• Collaborative culture with all the BIM sub metrics except Uses.  

This indicates that most KPI metrics had a strong relationship with BEP and RM, both frequency 

and overall average strong relationship with CDE (2.36) and Information exchange (2.26), and 

the rest were moderate. Time, Quality, Satisfaction, Performance, Productivity, and 

Collaborative Culture had strong relationships with most of the BIM sub metrics, and the 

remaining BIM Maturity and KPI metrics with a strong relationship were those BIM Maturity and 

KPI metrics that were strongly related, which reflects on their maturity levels. The KPI with a ‘Not 

Significant relationship’ across all BIM metrics was Sustainability with Level 2 Education and 

Training. This indicates that these KPIs would be reviewed to determine the issues that result in 

this relationship level, and these KPIs need to be highlighted to determine the actions that could 

be taken to upskill and move from one level to another (Section 7.4.5). The remaining BIM 

Maturity and KPI metrics had a moderate relationship, which indicates stability with both 

variables. They are related at the same level and could be reviewed to obtain a stronger 

relationship.  

Organisations at this (Implementation) level would implement the proposed strong relationship 

and invest more in the strong relationships since it would help to enhance the organisation’s 

performance.  Moreover, the metrics in the medium or below relationship would need to be 

reviewed to determine what needs to be changed to allow the BIM Maturity and KPI metric 

relationships to move from this level to the next. 
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2. a) Inferential: Chi square test of relationship between BIM Maturity and KPI metrics 
 

Table 8.19 demonstrates the results of the Chi square test across the implementation level, and 

those highlighted are values, which returned p<0.05 indicating that that there is no relationship 

between the BIM Maturity and KPI metrics. 

 

Table 8.19 shows that a number of BIM maturity and KPI metric values were ρ<0.05 indicating a 

statistical significance in the results; therefore, this means accepting the null hypothesis (H˳) that 

there is no relationship between BIM maturity and the KPIs, and a rejection of the alternative 

hypothesis (H₁) that there is a relationship between BIM maturity and the KPIs. This could indicate 

that the results given by participants at this organisational (implementation level) did not 

determine an existing relationship across the highlighted BIM maturity and the KPI metrics. These 

will be examined further in the upcoming analysis (i.e. Spearman) to indicate whether a 

relationship exists and the strength of this relationship. However, this indicated that there might 

not be a relationship between BIM maturity and KPI metrics across the organisational levels, 

which aligns with the research problem with the absence of a linkage between BIM maturity and 

KPI metrics. The remaining values were p>0.05 indicating that there is no statistical significance 

in the result and therefore, the null hypothesis (H˳) is rejecting as there is no relationship 

between BIM maturity and the KPIs. Thus, the alternative hypothesis (H₁) is accepted that there 

is a relationship between BIM maturity and the KPIs, which answers the research question ‘is 

there a relationship between BIM maturity and KPI metrics?’ 

 

 

Table 8.19 Chi Square tests results 



296 | P a g e  
 

2. b) Kruskal Wallis test of independence between BIM maturity and KPI metrics 
 

Table 8.20 demonstrates the results of the Kruskal Wallis across the implementation level, and 

those highlighted are the values which returned p< 0.05 indicating that BIM Maturity and KPI 

metrics depend on each other.  

 

Table 8.20 shows that only a few BIM maturity and KPI metric values returned values of ρ<0.05 

indicating that there is a statistical significance in the result, and therefore, the alternative 

hypothesis (H₁) is rejected, namely that there is independence between BIM maturity and the KPI 

metrics (KPI strength of relationship does not depend on BIM maturity level), or that the null 

hypothesis (H˳) is accepted, that there is no independence between BIM maturity and the KPI 

metrics (KPI strength of relationship depends on BIM maturity level). These were:  

• Cost with CDE (0.048),  

• Quality with EIR (0.027),  

• Satisfaction with EIR (0.043),  

• Performance with Level 2 Education and Training (0.029),  

• Profitability with Uses (0.040), and  

• Sustainability with Information delivery plan (0.045).  

According to the results given by participants at this organisational (implementation) level the 

KPI strength of relationship would not depend on the BIM maturity level across the non-

highlighted values and only the KPI strength of relationship would depend on the BIM maturity 

Table 8.20 Kruskal Wallis test results 
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level across those highlighted values. Those will be examined further in the upcoming analysis 

(i.e. regression) to determine whether the KPI strength of relationship depends on the BIM 

maturity levels and to whether they move in the same or different directions. The remaining 

values were p>0.05 indicating no statistical significance in the result and therefore, accepting the 

alternative hypothesis (H₁) that there is independence between BIM maturity and the KPI 

metrics, or rejecting the null hypothesis (H˳) that there is dependence between BIM maturity and 

the KPI metrics.  These answer the research question of whether there is a relationship between 

BIM maturity and KPI metrics. 

3. Spearman Correlation Coefficient analysis 
 

Table 8.21 displays the results of the implementation organisational correlations. 
 

 

The results show that BIM Maturity and KPI metrics reported a number of Sig. values ranging 

from 0.008 to 0.045, as highlighted in black. Only a limited number of values were returned at a 

significance of ρ=**0.01 and ρ=*0.05 which are also highlighted (in black) in the table.  

1. The KPI that returned ρ=**0.01 level and less than 0.01 indicated very strong evidence to 

reject the null hypothesis.  These are: Performance with Level 2 Education and Training (.590**; 

ρ=0.008) and Sustainability with BEP (.588**; ρ=0.008).  

Table 8.21 Spearman Correlation Coefficient 
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2. The KPIs that returned a ρ=*0.05 level and between 0.05-0.01 indicated strong evidence to 

reject the null hypothesis are: Cost with CDE (.465*; ρ=0.045), Quality with EIR (.544*; ρ=0.016), 

Health and Safety with Level 2 Education and Training (.558*; ρ=0.013), Profitability with Uses 

(.485*; ρ=0.035), Sustainability with the following: EIR (.498*; ρ=0.030), and MPDT (.500*; 

ρ=0.029).  

3. The KPIs that did not return significant values ρ= 0.05 and 0.01 (2-tailed) were as follows: Time, 

Satisfaction, Productivity, and Collaborative Culture.  

4. The results did not return values of more than 0.1 (more than 10% chance) had a probability 

level = very weak to no-evidence to reject the null hypothesis or between 0.1-0.05 (between 

10%-5% chance). The probability level = weak evidence to reject the null hypothesis. This 

indicates that the results that did not return a significance value close to 1, which suggests no 

correlation other than due to chance and that the null hypothesis is correct. 

Table 8.22 and Figure 8.22 demonstrate the results of the implementation level’s strength of 

relationship.

Table 8.22 Spearman Correlation Coefficient: Strength of relationship 
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Figure 8.22 Spearman Correlation Coefficient: Strength of relationship 
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Table 8.22 and Figure 8.22 show that:  

1) Unlike the KPIs at the strategic level, which retuned significant correlation values, only Cost, 

Quality, Health and Safety, Performance, Profitability, and Sustainability returned a 

significant correlation with BIM maturity metrics. 

2) The returned significant values were all positive indicating that, as the BIM maturity levels 

increase, the KPI strength of relationship with BIM maturity increases; moreover, the values 

returned were all moderate (0.3000-0.7000). 

3) The positive significant values between BIM maturity and KPI metrics indicate a moderate 

relationship between BIM maturity and KPI metrics and moderate evidence that, as the BIM 

maturity levels increase, the KPI strength of relationship with BIM maturity increases.  The 

include: Cost with CDE (.465*; ρ=0.045), Quality with EIR (.544*; ρ=0.016), Health and Safety 

with Level 2 Education and Training (.558*; ρ=0.013), Performance with Level 2 Education 

and Training (.590**; ρ=0.008), Profitability with Uses (.485*; ρ=0.035), Sustainability with 

the following: EIR (.498*; ρ=0.030), BEP (.588**; ρ=0.008), and MPDT (.500*; ρ=0.029). 

4) Contrary to the KPIs at the strategic level, which did not return negative values across a 

number of KPIs, the results indicated that all KPIs returned either positive values indicating 

either, as the maturity level increase/decrease the KPI relationships increase/decrease.  

Furthermore, the strength of relationship and strength of evidence values ranged from no 

relationship (0.000) to medium (.590) or returned negative values indicating opposition 

whereby, as maturity levels increase/decrease, the KPI relationships decrease/increase with 

strength of relationship and the strength of evidence values range from no relationship (-

0.011) to medium (-0.399). 

5) In contrast to the strength of relationship and evidence at the strategic level, which returned 

values in the strong category (0.700-1), there have been no positive or negative values in the 

strong category across this organisational level, indicating that there are no strong 

relationships between BIM maturity and KPI metrics and no strong evidence that, as the 

maturity level increases/decreases the KPI relationships increase/decrease or vice versa. 

6) Most ‘strength of relationship and evidence’ values were found in the positive weak category, 

and the lowest values were in the negative moderate category, indicating that there are more 

weak relationships and weak evidence that as the BIM maturity levels increase, the KPI 

strength of relationship with BIM maturity increases. 

Having presented the findings of the Spearman Correlation Coefficient, the next section will 

discuss the findings of the regression analysis. 



301 | P a g e  
 

4. Regression analysis 
 

Table 8.23 presents the complete list of results for the implementation level, while the scatter 

plot tables between BIM maturity and each KPI are available in Appendix G. 

 

Table 8.23 shows that the following KPIs returned positive regression, indicating that as the BIM 

maturity levels increase the KPI strength of relationship increased:  

• Weak= Cost, Time, Quality, Satisfaction, Health and Safety, Performance, Profitability, 

Productivity, Sustainability, and  

• Moderate= Collaborative Culture, and the total BIM maturity and KPIs across the 

Implementation level.  

This shows that the aforementioned KPI strength of linearity depends on the BIM maturity levels 

and move in the same direction, such that, as BIM maturity levels increase, the KPI strength of 

relationship increases. In contrast, there has been no negative regression indicating the opposite 

direction.  Thus, as the BIM maturity levels increase/decrease, the KPI strength of relationship 

decreases/increases.  This shows that the KPI metrics depend on the BIM maturity metrics and 

would move towards the same direction across the organisational (Implementation) level. 

Having presented the analysis and findings of the implementation level, the next section will 

present the analysis and findings of the operational level. 

 

 

 

Table 8.23 Scatter plot diagram strength of linearity relationship results 
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8.4.2.4 Operational level: BIM maturity and KPI assessment results 

 

This section presents the descriptive and inferential statistical analysis and findings for the 

operational level assessment (Table 8.24). 

 

Across the ten participants involved in the operational level and based on the overall scores 

given, one scored in the Awareness maturity level, four in the Occasional application level, and 

five in the Consistency level. This indicated that five participants were already at a higher 

maturity level and potentially performing well within their organisations, whereas the remaining 

five users - being between Awareness and Occasional application - suggests a need to review 

their current organisational sub metric scores and to determine the actions that need to be taken 

to move from Awareness and Occasional application to Consistency. Table 8.25 presents a 

summary of the scoring levels for each participant and shows a matrix of alignment between 

their overall and individual sub metric score. This helps to identify which sub metrics would be 

maintained (Consistency) since this is the highest level of maturity, and the sub metrics that 

would need to be improved (Awareness and Occasional application) to move to another level 

through a set of actions (Section 7.4.5). A demonstration of the most frequent answers given to 

each sub metric and the overall frequency is given along with the averages and totals of the 

individual sub metric scores. 

 

Table 8.24 Operational organisational level results 

Table 8.25 Operational level participant scores and maturity level 

average 
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Table 8.25 indicates that participants at the operational level have given maturity scores that 

range from Awareness to Consistency. The sub metrics with an overall score of Consistency were 

CDE and LoD (2.40). The descriptor for each sub metric at this level is given. The 11 remaining 

sub metrics were at the Occasional application level and no sub metric had an overall level of 

Awareness. Only two participants had individual scores for some sub metrics that did not contain 

scores at the Awareness level, whilst the remaining scores ranged across all three maturity levels. 

This shows that the sub metric participant scores that almost fell equally were across all three 

maturity levels.  This indicates that participants’ maturity at the operational level varied from one 

level to another. As a result, in terms of Sharing, participants showed that CDEs are fully applied 

and compliant with Level 2 BIM standards, and for Capital Delivery, LoDs are fully understood 

and the capabilities to use the models are in place. In general, the scores that are scored as either 

Awareness or Occasional need to be reviewed to enable participants to move to and maintain 

the Consistency level, which can be achieved through a series of actions (Section 7.4.5).  

1. Descriptive: Frequencies and Relationships between BIM maturity and KPI metrics 
 

Table 8.26 presents the results of the KPI metrics relationships with the BIM maturity metrics. 

 
Table 8.26 indicated that participants gave strength of relationship scores that ranged from Not 

Significant (Weak), Moderate (Medium), and Significant (Strong), while no scores were given 

for No relationship, which indicates that there is a relationship between BIM maturity and all of 

the KPIs. Across the KPI relationship averages with all of the BIM sub metrics, the following had 

only a frequency with no overall totals of Significant: Time, Quality, and Collaborative culture.  

This indicates that participants do not see a significant relationship with all KPIs across all of the 

BIM sub metrics.  In comparison, the rest of the KPIs had a frequency and total of Moderate 

Table 8.26 KPIs strength of relationship frequency and average (Relationship) 
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(1.85-2.18), which shows that all participants see a moderate relationship with the remaining 

KPIs across all the BIM metrics. Moreover, Table 8.26 shows that KPIs with a significant 

relationship across all BIM metrics were:  

• Cost with EIR, CDE, As built model, PIM, and AIM,  

• Time with EIR, CDE, 3D-6D inputs, Project reviews, As built model, and AIM,  

• Quality with EIR, 3D-6D inputs, LoD, As built model, PIM, AIM, COBie data, GSL, and 

POE, 

• Satisfaction with 3D-6D inputs, PIM, and AIM,  

• Health and Safety with As built model, and AIM,  

• Performance with CDE and AIM,  

• Profitability with AIM,  

• Productivity with LoD, As built model, AIM, and GSL,  

• Sustainability with CDE, Project reviews, As built model, and AIM, and  

• Collaborative culture with EIR, CDE, LoD, As built model, PIM, AIM, and POE.  

This indicates that most of the KPIs had a strong relationship frequency with CDE and ‘As built 

model’, and both frequency and an overall average strong relationship with AIM (2.35), while the 

rest were moderate. Cost, Time, Quality, and Collaborative Culture had a strong relationship 

with most of the BIM sub metrics, and the remaining BIM and KPIs with a strong relationship 

indicates that those BIM and KPIs metrics are strongly related, which reflects on their maturity 

levels. No KPIs have a Not significant relationship across the BIM metrics, but the KPIs with a Not 

Significant relationship total across all BIM metrics were: Cost with POE (1.40), Time with POE 

(1.40), Health and Safety with COBie data (1.20), Profitability with POE (1.40), and Sustainability 

with POE (1.40). This indicates that these KPIs will be reviewed to identify the existing issues that 

result in this relationship level.  In addition, these KPIs would need to be highlighted to identify 

the actions that could be taken to upskill and move to another level, based on the proposed 

action plan (Section 7.4.5). The remaining BIM Maturity and KPI metrics had a moderate 

relationship, which indicates there is stability with both variables, that they are related at the 

same levels and could be reviewed to obtain a stronger relationship.  

Organisations at this (operational) level would implement the proposed strong relationship and 

invest more in such relationships since these would help to enhance the organisational 

performance.  Meanwhile, metrics in a medium relationship or less would need to be reviewed 

to determine what needs to be changed to allow the BIM Maturity and KPI metric relationships 

to move from this level to the next. 
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2. a) Inferential: Chi square test of relationship between BIM Maturity and KPI metrics 

 

Table 8.27 demonstrates the results of the Chi square test across the implementation level.  

Those highlighted are the values which returned p<0.05 indicating that that there is no 

relationship between the BIM Maturity and KPI metrics. 

 

 

Table 8.27 shows that only a few BIM maturity and KPI metric values returned values of ρ<0.05 

indicating a statistical significance in the result.  Therefore, the null hypothesis (H˳) that there is 

no relationship between BIM maturity and the KPIs is accepted, and the alternative hypothesis 

(H₁) that there is a relationship between BIM maturity and the KPIs is rejected. These were: Time 

with LoD (0.045), Satisfaction with Lifecycle analysis (0.007), Health and Safety with EIR (0.013), 

Performance with AIM (0.007), Profitability with Lifecycle analysis (0.045) and PIM (0.045), and 

Collaborative culture with 3D-6D inputs (0.013) and lifecycle analysis (0.045). Similar to the 

Strategic level results (Table 8.9), this indicates that the results given by participants at this 

organisational (operational) level determined an existing relationship between BIM maturity and 

the KPI metrics. The remaining values were p>0.05 indicating no statistical significance in the 

result.  Therefore the null hypothesis (H˳) that there is no relationship between BIM maturity and 

the KPIs is rejected and the alternative hypothesis (H₁) that there is a relationship between BIM 

maturity and the KPIs is accepted, which answers the research question on whether if there is a 

relationship between BIM maturity and KPI metrics. 

 

Table 8.27 Chi Square tests results  



306 | P a g e  
 

2. b) Kruskal Wallis test of independence between BIM maturity and KPI metrics 
 

Table 8.28 demonstrates the results of the Kruskal Wallis test across the operational level; those 

highlighted are the values which returned p< 0.05 indicating that BIM Maturity and KPI metrics 

depend on each other. 

 
 

Table 8.28 shows that only a few BIM maturity and KPI metric values returned values of ρ<0.05 

indicating a statistical significance in the result.  Therefore, the alternative hypothesis (H₁) that 

there is independence between BIM maturity and the KPI metrics (KPI strength of relationship 

does not depend on BIM maturity level) is rejected or the null hypothesis (H˳) that there is no 

independence between BIM maturity and the KPI metrics (KPI strength of relationship depends 

on BIM maturity level) is accepted. These were: Health and Safety with Lifecycle analysis (0.026) 

and GSL (0.030), Profitability with Uses (0.019) and GSL (0.024). This may indicate that the results 

given by participants at this organisational level did not determine that the KPI strength of 

relationship would depend on the BIM maturity level across the non-highlighted values but 

rather that the KPI strength of relationship would depend on the BIM maturity level across those 

highlighted values. These will be examined further in the upcoming regression analysis to indicate 

if the KPI strength of relationship depends on the BIM maturity levels and to determine if they 

move in the same or different directions. The remaining values were p>0.05 indicating no 

statistical significance in the result and therefore, accepting the alternative hypothesis (H₁) that 

there is independence between BIM maturity and the KPI metrics, or rejecting the null hypothesis 

(H˳) that there is dependence between BIM maturity and the KPI metrics. This answers the 

research question on whether there is a relationship between BIM maturity and KPI metrics. 

Table 8.28 Kruskal Wallis test results 
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3. Spearman Correlation Coefficient analysis 
 

Table 8.29 displays the results of the operational level correlations. 

 

The results show that BIM Maturity and KPI metrics reported a number of Sig. values ranging 

from 0.008 to 0.045, and highlighted in black. Only a limited number of values were returned at 

significant ρ=**0.01 and ρ=*0.05, which are also highlighted (in black) in the table.  

1. The KPIs that returned a ρ=**0.01 level and less than 0.01 that indicated very strong evidence 

to reject the null hypothesis were: Health and Safety with Handover Requirements (GSL) 

(.884**; ρ=0.001), Profitability with Information Management (AIM) (.890**; ρ=0.001), and 

GSL (.892**; ρ=0.001), Sustainability with GSL (.771**; ρ=0.009), and Collaborative Culture 

with GSL (.794**; ρ=0.006).  

2. The KPIs that returned a ρ=*0.05 level and between 0.05-0.01 that indicated strong evidence 

to reject the null hypothesis were: Health and Safety with AIM (.690*; ρ=0.027), Productivity 

with AIM (.744*; ρ=0.014), and Collaborative Culture with AIM (.744*; ρ=0.014).  

3. The KPIs that did not return significant values ρ=0.05 and ρ=0.01 (2-tailed) levels were: Cost, 

Time, Quality, Satisfaction, and Performance.  

4. The results that did not return values of more than 0.1 (More than 10% chance), with a 

probability level = weak to no evidence to reject the null hypothesis, or between 0.1-0.05 

(between 10%-5% chance) with a probability level = weak evidence to reject the null 

hypothesis.  

Figure 8.23 and Table 8.30 demonstrate the results of the operational level strength of 

relationship.

Table 8.29 Spearman Correlation Coefficient 
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Figure 8.23 Spearman Correlation Coefficient: Strength of relationship 
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Figure 8.23 and Table 8.30 show that:  

1) Unlike the KPIs at the strategic level which retuned significant correlation values, only Health 

and Safety, Profitability, Productivity, Sustainability, and Collaborative Culture returned 

significant correlation with BIM maturity metrics. 

2) The returned significant values were all positive indicating that, as BIM maturity levels 

increase, the KPI strength of relationship with BIM maturity increases. 

3) The returned positive significant values between BIM maturity and KPI metrics indicate a 

strong relationship between BIM maturity and KPI metrics and strong evidence that, as the 

BIM maturity levels increase, the KPI strength of relationship with BIM maturity increases.  

These are: Health and Safety with GSL (.884**; ρ=0.001), Profitability with AIM (.890**; 

ρ=0.001), and GSL (.892**; ρ=0.001), Sustainability with GSL (.771**; ρ=0.009), and 

Collaborative Culture with GSL (.794**; ρ=0.006). KPIs that returned ρ = 0.05 level are: Health 

and Safety with AIM (.690*; ρ=0.027), Productivity with AIM (.744*; ρ=0.014), and 

Collaborative Culture with AIM (.744*; ρ=0.014). 

4) The returned positive significant value between BIM maturity and KPI metrics indicate a 

medium relationship between BIM maturity and KPI metrics and medium evidence that, as 

the BIM maturity levels increase, the KPI strength of relationship with BIM maturity increases. 

This is: Health and Safety with AIM (.690*; ρ=0.027). 

Table 8.30 Spearman Correlation Coefficient: Strength of relationship 
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5) Similar to the KPIs at the implementation level, which returned negative values across a 

number of KPIs, the results indicated that all KPIs returned either positive values indicating 

either as the maturity level increases/decreases the KPI relationships increase/decrease with 

strength of relationship and strength of evidence values ranging from No relationship (0.000) 

to Strong (.890).  Alternatively, it returned negative values indicating an opposition which 

meant as the maturity level increases/decreases, the KPI relationships decrease/increase with 

strength of relationship and strength of evidence values ranging from No relationship (-0.000) 

to Medium (-0.320). 

6) Only GSL and AIM retuned significant correlation values. 

7) The most ‘strength of relationship and evidence values’ returned was in the positive moderate 

category, and the least values returned was in the negative moderate category, indicating 

more of a moderate relationship and moderate evidence that, as the BIM maturity levels 

increase, the KPI strength of relationship with BIM maturity increases. 

Having presented the findings of the Spearman Correlation Coefficient, the next section will 

discuss the findings of the regression analysis. 

4. Regression analysis 
 

Table 8.31 presents the complete list of results for the operational level while the scatter plot 

tables between BIM maturity and each KPI are available in Appendix G. 

 

Table 8.31 shows that the following KPIs returned a positive regression, indicating that as the 

BIM maturity levels increase the KPI strength of relationship increased: Weak = Cost, Time, 

Quality, Satisfaction, Performance, Profitability, Productivity, Sustainability, Collaborative 

Culture, and the total BIM maturity and KPIs across the Operational level. This shows that the 

aforementioned KPI strength of linearity would depend on the BIM maturity levels and would 

move in the same direction.  Thus, as BIM maturity levels increase, the KPI strength of 

relationship increases. The following KPIs returned a negative regression indicating the opposite 

direction that, as the BIM maturity levels increase/decrease, the KPI strength of relationship 

Table 8.31 Scatter plot diagram results 
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decreases/increases: Weak= Health and Safety. This shows that the aforementioned KPI strength 

of linearity would not depend on the BIM maturity levels and that it would move in a different 

direction (as BIM maturity levels increase/decrease, the KPI strength of relationship 

decreases/increases). Having presented the analysis and findings of the operational level, the 

next section will present the analysis and findings of all organisational levels combined. 

8.4.2.5 Summary of the descriptive and inferential statistics across all organisational levels 
 

This section presents the outcomes of the descriptive and inferential statistical analysis carried 

out across all organisational levels. Having conducted detailed analysis on the existing 

relationships between the BIM Maturity sub metrics and KPIs across all organisational levels, this 

section aims to summarise the outcomes of the relationships based on the participants’ point of 

view. The participants were required to assess their BIM maturity levels for the presented BIM 

Maturity sub metrics across the three organisational levels (strategic, implementation, and 

operational) using three maturity levels (1= Awareness, 2= Occasional application, and 3= 

Consistency).  They then identified the KPI strength of relationship through four relationship 

levels [0=No relationship (None), 1=Not Significant (Weak), 2=Moderate (Medium), 3=Significant 

(Strong)]. The results revealed the following outcomes for the BIM maturity levels and their 

relationship to the KPIs:  

1. Across all three organisational levels, in terms of the maturity level scores (Tables 8.5, 8.16, 

8.24), 21 participants in total scored themselves in the Occasional Application maturity level 

across all organisational levels.  

2. Only two participants scored themselves in the Awareness level (5%), 21 participants in total 

scored themselves in the Occasional Application level (52.5%), and 17 participants in total 

scored themselves in the Consistency maturity level (42.5%).  This indicates that the majority 

of participants see themselves as adopting and implementing BIM sub metrics across all 

organisational levels and believe they are either in the Occasional Application or the 

Consistency maturity level. 

1. Descriptive: Frequencies and Relationships between BIM maturity and KPI metrics 
 

Furthermore, the results (Tables 8.7, 8.18, 8.26) indicate a relationship across all the BIM 

maturity and KPIs metrics at all organisational levels. Most relationships were either at the 

Occasional Application level and Moderate relationship or Consistency level and Significant 

relationship, with a few at the Awareness level and Weak relationship, which aligns with the 

aim of this research, namely to identify the potential relationships between BIM maturity and 

KPI metrics. The KPIs that did not return a Consistency-Significant relationship across all 
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organisational levels indicates that these KPIs do not have a Consistency-Significant relationship 

across the BIM metrics unlike the remaining KPIs, which shows that participants did not see a 

strong relationship across these KPIs that would reflect on the BIM maturity levels and the need 

to revisit them through proposed action plans to determine actions to take to enable them to 

move towards and maintain a Consistency-Significant relationship. 

In addition, as Collaborative Culture is added as an additional KPI (based on the interview 

findings), the results showed that the relationships between Collaborative Culture and the 

majority of the BIM metrics across all three organisational levels were Consistency-Significant 

relationship. This confirms the importance of Collaborative Culture as a KPI and reinforces the 

decision to add this to the proposed list of KPI metrics for assessment. Having presented the 

outcomes of the BIM maturity and KPI metric relationships, the next section will present the 

outcomes on how BIM maturity and KPI metrics are associated. 

2. a) Inferential: Organisational level Chi square test of relationship between BIM and Maturity KPI metrics  
 

Across all three organisational levels, in the Chi square test of relationship results (Tables 8.9, 

8.19, 8.27), most values were p>0.05 indicating no statistical significance in the result and 

therefore, accepting the alternative hypothesis (H₁) that there is a relationship between BIM 

maturity and the KPI metrics.  This answers the research question ‘is a relationship between BIM 

maturity and KPI metrics?’ This was achieved at the strategic and operational level, thus 

participants recognised a relationship between BIM maturity and the KPI metrics. However, at 

the implementation level, the number of returned values was ρ<0.05 indicating a statistical 

significance in the result, and therefore rejecting the alternative hypothesis (H₁) that there is a 

relationship between BIM maturity and the KPIs. This may indicate that participants at this 

organisational level did not recognise a relationship between BIM maturity and KPI metrics. This 

was examined across the Spearman Correlation to determine the strength of relationship 

between BIM maturity and KPI metrics and the direction in which they are both moving 

(Same=positive and Different=negative). Having presented the Chi square test of relationships 

between the BIM maturity and KPI metrics, the next section will demonstrate the results of the 

Kruskal Wallis test of independence.  

2. b) Kruskal Wallis test of independence between BIM maturity and KPI metrics 
 

Furthermore, it can be seen that, in terms of the Kruskal Wallis test results across all 

organisational levels (Tables 8.11, 8.20, 8.28), only a limited number of BIM maturity and KPI 

metric values returned values of ρ<0.05.  This indicates a statistical significance in the result, and 

therefore, rejecting the alternative hypothesis (H₁) that there is independence between BIM 
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maturity and the KPI metrics (KPI strength of relationship does not depend on BIM maturity 

level). The results suggest that participants across all organisational levels do not see an impact 

from the BIM maturity levels on the KPIs’ strength of relationship to the BIM maturity metrics.  

This was examined across the linear regression analysis to determine if there is a linear 

relationship between BIM maturity and the KPI metrics, and an impact on the value change in 

the BIM maturity on the KPI metrics. Having presented the Kruskal Wallis test of independence 

between the BIM maturity and KPI metrics, the next section 

will demonstrate the results of the Spearman Correlation coefficient analysis.  

3. Spearman Correlation Coefficient analysis 
 

Across the three organisational levels (Tables 8.12, 8.21, 8.29), the majority of the BIM Maturity 

sub metrics returned positive values with the KPIs indicating that, as the maturity level 

increases/decreases the KPI relationships increase/decrease and that both BIM Maturity and KPI 

metrics are related to each other. Only a limited number of BIM Maturity and KPI metrics values 

were signified as a statistical significance of ρ=0.05 and ρ=0.01 (2-tailed) levels.  This indicates 

that the observed correlation is unlikely to be due to chance and there is a very high probability 

that the null hypothesis is wrong. Also, a number of KPIs returned ρ=**0.01 level and less than 

0.01 indicating very strong evidence to reject the null hypothesis. KPIs returned ρ=*0.05 level 

and between 0.05-0.01 indicating that there is strong evidence to reject the null hypothesis.  

Moreover, values that did return values more than 0.05 meant they would accept the alternative 

hypothesis that there is a correlation between the BIM maturity and KPI data sets, and hence, 

the results were not statistically significant. Although the values indicated the strength of the 

relationships (Tables 8.12, 8.21, 8.29), they did not clearly distinguish the strength of 

relationships between BIM Maturity and KPI metrics, and thus needed further examination to 

determine the actual strength of relationships between BIM Maturity and KPI metrics.  These 

were presented in the correlation interpretation coloured tables (Tables 8.14, 8.22, 8.30). Since 

there are three organisational levels with various numerical values, it was worth comparing those 

results in a more meaningful and simple way to visualise and see how the BIM Maturity and KPI 

metrics related. These were presented in Figures 8.19, 8.22, 8.23 which detailed the KPIs on the 

horizontal axis and their relationship with the BIM Maturity metrics on the vertical axis.  These 

figures showed: which of the BIM Maturity metrics had positive values and their strength of 

relationship, and those with the negative values and their strength of relationship. Having 

presented the results of the Spearman Correlation analysis, the next section will demonstrate 

the strength of linearity between BIM Maturity and KPI metrics through the scatter plot 
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interpretations and the impact of the value change in the BIM maturity metric levels on the KPIs 

strength of relationships.  

4. Regression analysis 
 

Across the three organisational levels (Tables 8.15, 8.23, 8.31), is a linear relationship between 

the BIM maturity and KPI metrics. The strength of the linear relationship returned either a weak 

positive or a moderate positive linear relationship across all organisational levels, as the scatter 

dots deviate from the line and indicate that, as BIM Maturity increased/decreased, the KPI 

relationships increased/decreased. Only a limited number of relationships returned a weak 

negative linear relationship across all organisational levels where the scatter dots deviate from 

the line and indicate that, as BIM Maturity increased, the KPI relationships decreased and vice 

versa. Since this was examined across the sample of 40 questionnaire respondents, it was 

necessary to examine this with different samples to see if the same results would be returned, 

which would indicate if the results could be generalised in terms of existing linear relationships. 

Results of all the scatter plots between the BIM Maturity metrics and all KPIs across the three 

organisational levels are included in Appendix G. Having presented a summarised finding of the 

BIM Maturity and KPI metrics relationships, the next section presents the additional proposed 

BIM Maturity and KPI metrics. 

8.4.2.6 Additional BIM Sub Metrics-KPIs to be included 
 

The last part of the BIM maturity and KPI relationship assessment was to seek more information 

on additional BIM Maturity metrics, or KPIs. Overall, 95% of the participants viewed that no 

additional information was required to the existing BIM Maturity and KPI metrics.  However, 

there have been some minor recommendations as to assessment inclusions across the three 

organisational levels (Table 8.32). 

 

It can be assumed that the presented information would be applicable across all three 

organisational levels. Table 8.32 shows that for the:  

Table 8.32 Additional BIM / KPIs / BIM-KPIs to be included 
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1) Strategic level, there has been a suggestion to include Supply Chain Management, and 

behaviours; innovation and communication as additional BIM Maturity sub metrics and 

Understanding KPIs and how they would be measured as a new KPI metric.  

2) Implementation level there has been suggestion to include the Level of Development.  

Although it exists at the operational level, it can be assumed that if the participant was to fill 

out the operational level, they would have not proposed this inclusion, or that the sub metric 

should also be included at the implementation level. Clash detection was also proposed for 

inclusion as a KPI, which was mentioned previously in the interview findings. This suggests it 

could work across all three organisational levels.  

3) Operational level there has been a suggestion to include Plain Language Questions as a new 

BIM Maturity metric.  If it is to be translated to the new BS EN ISO19650 standards, it would 

read as Project Information Requirement (PIR).  For the KPIs, an indicator that would depend 

on organisational goals.  

Finally, from a working group with the NWCH, the proposed combined BIM- KPIs were: 

1) BIM as a digital KPI comprising four key areas: a) BIM, b) Quality, c) Compliance, and d) Safety. 

2) KPIs would be: a) Training; Training hours promised, b) Clash detection; number of clashes 

detected, c) QA inspections; number of QA inspections, d) Snags/defects; number of snags 

identified, e) Hazard Identification; number of hazards identified, and f) Asset Data 

Compliance; number of hazards identified.  

This concludes this section, and the last section will present findings from the assessment from 

the participants’ points of view.   
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8.4.3 Section 3: Assessment feedback, expected benefits, recommendations and conclusion 
 

Having conducted the BIM maturity assessment across the three organisational levels and having 

established a relationship between BIM maturity and KPI metrics, the third and final section of 

the questionnaire seeks to demonstrate feedback from the presented assessment, along with 

benefits expected, and recommendations to take this assessment forward. Nine questions and 

some sub questions were asked to collect this data. As mentioned earlier three participants 

dropped out from answering these questions, thus this section had responses from forty 

participants, which was the total number of completed responses returned. 

This section presents the personal opinion of participants concerning the conducted assessment. 

The results showed that 24 participants were able to see that measuring the maturity level would 

determine the impact of BIM Maturity on the measured KPI outcome (60%), whereas only one 

disagreed when assessing the impact, and 15 selected maybe (37.5%). This shows that most 

participants are able to determine the impact of BIM Maturity on the measured outcomes, which 

supports the assessment in that BIM maturity and KPI metrics reflect on each other.  

When asked about reasons behind this, Figure 8.24 presents a summary of the reasons. The 

reasons provided are based on responses from 37 participants (three did not give their reasons). 

The results show eight key topic areas to determine the impacts, and most participants perceived 

an existing relationship such that the impact would occur (nine indicated this representing 24% 

of the different reasons given). After this, reasons for both the baseline and benchmark, and the 

benefits of linking both were given by seven each (19%), while four indicated difficulties in 

measuring BIM with KPIs (11%), three (8%) indicated the following reasons: More information 

required, future improvements and better implementation, deficiencies with the assessment, 

and nothing additional to occur. Finally, one participant indicated the need for more 

knowledge/experience to determine the impact. The results show that 60% of participants 

recognised the existing relationship, that benefits would occur from this and that this could be 

provided as benchmark. However, 40% of the participants saw there could be difficulties in 

measuring both, which could result in deficiencies with the assessment, which would require 

more information, future improvement and more knowledge. This indicates a number of 

strengths and weaknesses associated with the assessment and future considerations that need 

to be addressed. 
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Furthermore, there is an expectation that the BIM maturity levels would impact on the KPI 

strength of relationships. The results showed that 30 participants were unable to see the impact 

of their level of maturity scores on the KPIs’ strength of relationship scores (87.5%), and only five 

agreed on the impact (12.5%). This shows that most of the participants were not able to score 

the KPIs’ strength of relationship based on BIM metrics’ maturity level.  Instead these were based 

on the metrics in general, which indicates that the assessment would be conducted separately 

based on BIM maturity level.  After this the KPIs strength of relationship would be established 

based on BIM metrics outcome in general and not on its maturity level. The mechanism for BIM 

maturity and KPI metrics to work separately could represent a minor limitation in this research, 

which aims to demonstrate the KPI strength of relationships based on BIM maturity level.  Instead, 

the participants recognise the KPI metrics relationship from the metrics in general and not from 

its maturity level. To those five participants who answered yes, they established that the impact 

would occur by reducing reworks and enhancing the level of coordination and programme on 

complex projects.  Two specified that it helps to identify the BIM levels within the organisation 

and across the wider industry, as more productivity would occur, and the more mature the 

company is with BIM maturity, the higher the level of KPI scores generated by the company. 

When questioning the same participants about their BIM maturity level and its impact on the 

overall organisational/project performance, they all agreed that it would deliver the necessary 

impact. This suggests that there is a potential impact between both BIM maturity and KPI metrics 

Figure 8.24 Determining the impact of BIM on KPI measured outcomes reasons 
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which reflects on the overall organisational/project performance by improving current defects, 

and replacing them with drivers and performance enhancements.  However, this would not be 

the case with the remaining participants, which represents a limitation for this research, but will 

not impact on the research findings on developing the proposed framework.  

Figure 8.25 presents a summary of the level of agreement between the benefits expected to 

emerge from the combined BIM maturity and KPI metrics presented on the conceptual 

framework (Section 4.5.3). The results show that most participants agreed with the presented 

benefits as 12 responses were received for reduced lifecycle cost and 23 for improved certainty 

and reduction of uncertainty (37.5-57.5%). This was followed by strongly agreement with the 

benefits, while six responses were received for improved safety and 15 for reduced lifecycle cost 

(15-37.5%).  A number of participants selected neutral, namely three responses were received 

for improved collaboration and improved certainty while 15 were received for improved safety. 

Most of the benefits received between nine and 13 neutral responses (22.5-32.5%). In addition, 

between one and three participants disagreed on the benefits to emerge, and one to two 

participants strongly disagreed on the benefits. The results shows that, across all the presented 

benefits more participants strongly agreed to reducing the lifecycle cost as a key benefit.  

Moreover, when averaging the percentages, almost 43% agreed to the benefits, followed by 27% 

who strongly agreed, then 23% who were neutral, while approximately 4% disagreed and around 

3% strongly disagreed with the benefits. This shows that 70% either agreed or strongly agreed 

with the proposed benefits from combining BIM maturity and KPI metrics, which indicates there 

could be benefits to emerge from this linkage, and further supports the benefits addressed in the 

conceptual framework (Section 4.5.3).  

 

 

Figure 8.25 Level of agreement to the benefits of linking BIM maturity and KPIs together 
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Furthermore, 34 stated that there would not be benefits beyond those presented (85%), whereas 

six indicated that there could be benefits to emerge (15%). This indicates that the presented 

benefits would present a benchmark and baseline to benefits that would emerge from combining 

both and validates the previous findings concerning the benefits across the interviews. Amongst 

those who said yes to the emergence of further benefits, they also listed: Environment benefits, 

Collaboration, Client satisfaction, Better facilities management, efficient buildings, outcome 

benefits (Table 8.33). This indicates potential further benefits that could occur from combining 

BIM maturity and KPI metrics, which may inform future research on the expected benefits. 

 

 

 

 

 

 

In terms of organisations adopting the proposed BIM maturity assessment (Section 6.8), the 

results show that 25 participants agreed that organisations may adopt the proposed assessment 

(62.5%), whereas 15 disagreed on this (37.5%). This confirms one of the objectives of this 

research, namely to present a BIM maturity assessment to be used across organisations to assess 

BIM projects and organisational performance, which represents a major contribution to practice. 

Of those 25 who said yes, they were asked for their reasons and about the impacts that could 

result to help measure the organisational performance. Figure 8.26 presents a summary of the 

reasons. It shows that eight key topic areas in relation to adopting the assessment in 

organisations, which are as follows: Six indicated that highlighting training requirements would 

be a reason to adopt the assessment, five recognised the impact of future requirements, such as 

the application of KPI metrics across all projects and not just BIM. Four identified levels of 

improvement across organisations, and three were still unsure how it would be adopted.  

Furthermore, two each who believed it would assign a benchmark and standards across 

organisations and provide a focus to move forward, and finally, one each indicated that it would 

enhance communication and benefits such as “improved overall product to client, improved 

quality and performance, and less rework”. These views enhance the delivery of the assessment, 

indicate that it could contribute to organisations in various ways, and ensure that it enhances an 

organisation’s performance, whilst providing additional benefits and setting a benchmark to 

assess organisations to determine their current maturity levels. 

Table 8.33 Additional benefits 
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Furthermore, the 15 who said no were asked for their reasons and Figure 8.27 presents a 

summary of these reasons. It shows that seven key topic areas in relation to not adopting the 

assessment in organisations, which are as follows: four indicated that they would be using their 

own in house assessments, and an example of this was “bespoke assessments”, while three each 

indicated that either there were difficulties with the assessment when measuring BIM maturity 

and KPI metrics or they were unsure about how would they adopt the assessment. Two indicated 

that there was need for organisational change in order to implement the assessment and to raise 

awareness amongst practitioners in the industry.  In addition, one each indicated the following 

reasons: “BIM not being a requirement”, “BIM not affecting KPIs”, and “BIM level 2 to be replaced 

with the digital framework (ISO19650) and transferring the new terms to the future assessment”. 

This indicated some challenges with implementing the assessment across organisations since 

there are some issues with measuring BIM maturity and KPI metrics together, and a need to 

transfer to the new BS EN ISO19650 standard (UK BIM framework. 2019b). Moreover, existing 

assessments could be favoured over the present assessment, while organisations need to change, 

and some problems exist with the current assessment. This indicates that the assessment 

(Section 6.8) would need to be introduced to organisations that would need to be educated on 

how to use it.  

 

 

 

 

 

 

 

Figure 8.26 Reasons for adopting the proposed BIM assessment 

Figure 8.27 Reasons for not adopting the proposed BIM assessment 
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Figure 8.28 demonstrates a summary of the results on the potential ways that the proposed 

assessment could be introduced within organisations in order to measure their levels of maturity, 

link them with the KPI metrics and examine their organisational/project performance. Some 

participants gave more than one strategy to introduce the assessment. The results show seven 

key topic areas that would be considered to introduce the assessment, and most participants 

stated that they would consider applying education and training schemes within their 

organisations to introduce the assessment (23 stated this, representing 55% of the strategies). 

This was followed by other strategies, such as “top down” “Project Level” “Discovery day” (five 

stated this representing 12%). Four each (9% each) stated that they would use workshops and 

meetings such as a “BIM kick off meeting” to introduce the assessment, and use online resources, 

such as “Online Assessments”, as a strategy to introduce the assessment. Finally, two each noted 

the following strategies: Consideration of external help- “External BIM provider” and Reports and 

annual reviews – “Staff technical annual review”.  However, two were not able to define a 

strategy or found it difficult to offer ideas on how they could introduce the assessment. This 

shows that a strategy that would be needed to introduce the assessment so that users fully 

understood it. These results suggest that the assessment could be easy to introduce across 

organisations through the presented seven key topic areas. This represents a key contribution of 

this research, namely that the assessment would work in organisations and various ways could 

be used to introduce it to enhance organisational/project performances. 

 

In regards to clients benefitting from the assessment, if participants agree or strongly agree with 

this statement, the research successfully met the aim, delivered the suggested assessment, and 

clients could benefit from this (Figure 8.29). The results confirm that 25 agreed that clients would 

benefit from this assessment (62.5%), while seven strongly agreed (17.5%), 6 selected neutral 

(15%), two disagreed, and nobody strongly disagreed. This indicates that 85% of the participants 

Figure 8.28 Strategies to introduce the assessment in organisations 
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either agreed or strongly agreed that clients would benefit from the assessment, which validates 

the findings and confirms the successful achievement of the main aim and objectives.  

Although it was necessary to gather reasons from those who strongly disagreed or disagreed, 

participants provided reasons regardless of the response provided. Amongst those who 

responded with strongly agree or agree, four participants offered the following reasons: “To raise 

awareness of the overall benefits of BIM against performance measurement”, “We will only know 

once it is implemented and feedback is received”, “Proof that they are paying for something that 

is adding value to their building/project”, and “Client BIM knowledge is one of the most important 

KPI of a project. Ill-informed clients = bad KPI's”. These reasons indicate that it is vital that clients 

benefit from and understand the assessment, which would allow greater awareness, deliver 

overall benefits of BIM on performance, and result in the delivery of value-added outcomes to 

projects from the budget spent. For those selected Neutral, disagree, or strongly disagree, four 

participants provided reasons for their selection by stating that: “Some of the biggest 

organisations are running successfully without this assessment”, “How would a client use it? On 

reviewing their organisation? Or assessing their supply chain?”, “It’s more about the active 

project members”, and “Most clients are not willing to pay for BIM services”. This shows that the 

assessment might not be of interest to some organisations since they operate well without it, 

and as clients might face difficulties in using it they might refrain from paying extra for the service. 

 

The results in Figure 8.30 outline who would benefit most from this assessment: 18 participants 

viewed that project managers would benefit most from this assessment (45%), while 13 selected 

others (32.5%). While seven indicated everyone, one each selected the following: Project 

sponsors, governmental bodies, project managers/BIM managers, operators, directors and 

project leads. Furthermore, seven indicated BIM managers (17.5%) and two selected architects. 

This indicates that project managers would mainly benefit from this assessment followed by BIM 

managers, which suggests that this assessment would be most often given to these individuals 

for completing as they were perceived to be the greatest beneficiaries in terms of outcome. 

Figure 8.29 Client organisation benefitting from the assessment level of agreement 
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Table 8.34 illustrates the 17 responses to the question how clients would benefit from this. With 

six responses each, both the need to demonstrate the benefits and not being able to 

demonstrate the benefits to the clients were most common reasons given. This was followed by 

better understanding and BIM management / BIM maturity with four responses each. After this, 

three responses each indicated: Better project performance and delivery, financial related and 

overall picture and setting standards. Moreover, two indicated enhanced communication / 

collaboration. Finally, a collection of reasons with one response each indicated: Responsibility for 

the delivery of BIM, decision making, quality control, change, more education, shared data, 

involvement in projects, lessons learned and training. This confirms that clients could benefit 

from this assessment in various ways and that it is vital to introduce the assessment (as noted 

within the objectives) so that they can maximise its usage.  

Figure 8.30 Client organisation to benefit from this assessment 

Table 8.34 Selected client organisational benefits from this assessment 
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In terms of other comments or suggestions, 28 participants did not provide with any further 

information (70%), whilst 12 provided more information (30%). Table 8.35 summarises the 

suggestions given by these 12 participants. Three participants noted that there would be 

difficulties with the use of the assessment as the language and terminology could mean it is 

difficult to engage the wider industry, and that clients need to understand the KPI metrics to 

make use of them. Two each indicated the importance of focusing on the benefits, such as what 

could be the benefits that clients could extract from BIM maturity, the importance of culture 

change since BIM maturity (aligned to BS EN ISO19650) is the future, and the assessment not 

addressing wider challenges to ensure the spread of a consistent message across the industry. 

Finally a single recommendation was given as follows: Sharing the work along the BIM Task Group, 

positive feedback in terms of interest in the linkage, examples of activities to drive KPI 

improvements, project lifecycle since KPI metrics would take time to embed in organisations, and 

improvements needed which this assessment could enable through assessing and measuring the 

impacts of BIM maturity methods and technologies used across the industry. The comments and 

recommendations stipulate that, although the assessment could work well with organisations 

and that clients could benefit, some clients could face difficulties in understanding it.  Thus, it 

would be necessary to introduce the assessment to the industry, and there needs to be a focus 

on the benefits and impacts that the assessment could deliver.  Finally, the assessment would 

need to be disseminated so that clients could utilise and benefit from it. 

 

Having completed the online questionnaire findings, the next section will provide a summary of 

the chapter. 

 

Table 8.35 Comments / Observations / Recommendations / Any other inputs to take this work forward 
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8.4.4 The ‘How, Evidence and The Why’ stage: Evolution of the framework  
 

This section presents the evolution of the conceptual framework to the initial framework in terms 

of the ‘How’ stage. Figure 8.31 presents the development step of the ‘How’ stage, which 

demonstrates the evolution from the conceptual framework (Section 4.5) to the initial 

framework development. This section will demonstrate the findings of the online questionnaires 

which lead to the following:  

1) Demonstrating the strength of relationships between the BIM maturity and KPI metrics. 

2) Presenting scatter plot diagrams in determining the BIM maturity and KPI metrics directions. 

3) Proposing a standardised list of benefits and determining levels of agreement. 

4) Proposing an action plan to upskill from one maturity level to another.  
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Figure 8.31 The evolution of the ‘How, Evidence and The Why’ stages from the conceptual to the initial 

framework 
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The ‘How’ stage is presented to identify the potential linkages between BIM maturity and KPI 

metrics for the framework and for the assessments proposed in this research. The linkage 

between maturity level scores and KPI strength of relationship (no relationship, weak, medium, 

strong) were identified, while the correlation analysis was presented in the findings (Section 

8.4.2). The initial framework development presents the findings of the maturity levels and the 

KPI strength of relationship. In addition, with the correlation between the BIM maturity and KPI 

links was presented, and the regression results through scatter plot diagrams in determining if 

the BIM maturity and KPI metrics move in the same or a different direction. 

The ‘Evidence and The Why’ stage identifies the BIM maturity and KPI metrics relevant for the 

framework and for the assessments proposed in this research. The conceptual framework 

proposes an outline of the expected benefits (Section 4.5.3) to emerge from link between BIM 

maturity and KPI metrics as proposed in the ‘Evidence’ stage. Moreover, an action plan that 

presents the movement from one level to another will be presented in the ‘Why’ stage, as 

explained in the previous section. The action plan will rely on the conducted assessment as 

explained in the ‘How’ stage, in terms of the maturity levels and KPI strength of relationship 

assessments. The initial framework development would present all benefits that were identified 

from linking BIM maturity and KPI metrics.  In comparison, the action plan would demonstrate 

the steps required to upskill through the maturity levels, note the strength of relationship from 

one level to another, and demonstrate other actions required, as noted in the interview findings.  

The benefits (Figure 8.25) and action plan (Figure 7.11, Table 7.31) demonstrate the benefits 

from combining BIM maturity and KPI metrics and the action plan that would be required to 

upskill the users from one maturity level to another, which would better educate the UK client 

sector on how to improve their maturity levels and inform them of the benefits that are expected 

to emerge.  This further supports the need to link BIM maturity and KPI metrics. Additional 

benefits (Tables 7.6, 7.30, 8.33) and actions (Tables 7.6, 7.10, 7.30) have emerged from the 

interview and questionnaire findings, which are eligible for the ‘Evidence and The Why’ stage. 

Having presented the development of the framework, demonstrated how BIM maturity and KPI 

metrics would be linked together, and what are the expected and additional benefits to emerge 

and further actions to be taken, the next section will provide a summary of the chapter. 
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8.5 Summary 
 

This chapter presented the findings of the survey with the UK client sector to collect additional 

information on how BIM maturity and KPI metrics could be linked, and to examine the potential 

relationships. Similar to the interview process, a number of questions were asked to collect 

information on how the BIM Maturity and KPI metrics would be examined to determine how they 

would impact on the overall performance of UK construction projects/organisations across the 

UK client sector. A mixture of open and close-ended questions were asked, followed by an 

assessment that determined the statistical relationships between the levels of BIM maturity and 

the strength of the KPI relationships to BIM Maturity. The questionnaire was distributed to a wide 

range of UK practitioners, but due to various reasons, a total of 40 individuals participated by 

completing the questionnaire in full. The participants determined their organisational level 

position, filled out the BIM maturity assessment and linked it to the KPI metrics.  A series of 

descriptive and inferential analysis was conducted to determine the strength of relationships, 

which ranged from the assessment itself through descriptive statistics. In addition, the inferential 

statistics included the following tests: Chi square (to examine if there is a relationship between 

BIM maturity and KPI metrics), Kruskal Wallis (to examine if the BIM maturity and KPI metrics 

would depend on each other or not), Spearman correlation (to examine the potential 

relationships between BIM maturity and KPI metrics and see if they were moving in the same 

direction or not), and finally regression analysis (to determine if there was a linear relationship 

between both metrics, and to predict how BIM maturity related to the KPI metrics). A limited 

number of additional BIM Maturity and KPI metrics were proposed and a number of 

recommendations and suggestions were provided on how to take the relationship assessment 

forward to enable introduction within organisation. A number of benefits were agreed as a 

standardised list of benefits, which emphasised how the client sector would benefit from this 

assessment. An update to the conceptual framework has been presented, which discussed the 

findings related to “The How, and The Evidence and The Why” stage of the framework, and how 

it has developed from the proposed framework (Section 4.5) towards the initial framework 

development. 

This chapter concludes the data collection phase, having statistically analysed and demonstrated 

a relationship between BIM Maturity and KPI metrics. The next chapter discusses the findings of 

the whole data collection phase, which includes discussions of the initial framework development 

(internal validation), and conducts an external validation that aims to generalise the research 

findings, and evaluates and presents the final BIM maturity-KPI assessment framework. 
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9.1 Introduction 
 

The main aim of this chapter is to discuss the findings from the data analysis across all data 

collection phases and to relate the findings to the literature.  The validity of the research will be 

presented throughout the findings discussed in the previous chapters, and this will be linked to 

the proposed conceptual framework.  A brief outcome of the findings from the literature review 

(Chapter 3), the conceptual framework (Chapter 4), the focus group workshops (Chapter 6), the 

semi structured interviews (Chapter 7), and the online questionnaire (Chapter 8) will be 

presented.  These have all influenced the formation of the proposed conceptual framework. The 

initial framework development will be taken to an external validation stage following which the 

final framework will be delivered, and will validate the overall research. The main purpose of the 

external validation is to examine the applicability of the research findings to practice.  

9.2 Framework rationale 
 

This section will present the rationale for the development stages of the conceptual framework, 

which was initially based on a critical review of the literature. The subsequent primary data 

collection phases further informed the model’s development. The rationale behind the initial 

framework development was as follows: 

1) A critical review of key literature was conducted on existing BIM maturity assessment, KPI 

metrics, and combined BIM maturity and KPI assessments, as presented in Chapter 3. The 

findings identified a number of frameworks, and helped to link BIM and KPIs across a number 

of combined BIM maturity and KPI assessments in the UK and global construction industry 

(Section 3.10). Furthermore, a number of KPIs were identified from key literature (Section 3.7), 

which delivered a list of nine KPIs (cost, time, quality, safety, satisfaction, performance, 

profitability, productivity and sustainability). These formed the basis of the KPIs used to 

measure the performance of construction projects and organisations amongst UK clients. A 

number of BIM metrics were identified across the key literature and a number of BIM maturity 

assessments (Section 3.4), which included the transition from level 2 BIM to the new BS EN 

ISO 19650 standards (BIM Level 2. 2016; UK BIM framework. 2019b). Finally, the literature 

identified the most popular method for assessing BIM maturity through five maturity levels 

(i.e. initial, defined, managed, integrated, optimised) to determine the BIM maturity 

performances across organisations. 

2) A proposed conceptual BIM maturity-KPI assessment framework was subsequently presented 

(Section 4.5) following the critical review and was presented in Chapter 4. The framework 

results from a number of frameworks within the literature (Sections 3.4, 3.7, 3.10) and 
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outlines a number of steps that link BIM maturity and KPIs.  Furthermore, a range of strengths 

was noted that linked to the mechanisms used (i.e. scoring criteria) and these determine BIM 

maturity level.  Five maturity levels are outlined, which link with the KPI metrics. Having 

reviewed the data a number of weaknesses emerged, such as the usage of KPI metrics as BIM 

elements or a list of questions, and the absence of a standardised linkage between an 

identified benchmark list of BIM maturity and KPI metrics. 

The proposed conceptual framework consists of three stage elements:  

a) The ‘What’: Demonstrating the BIM maturity top metrics and identifying the list of KPIs 

(Section 3.7). These emerge from a number of BIM maturity metrics that follow BIM 

maturity information across an information delivery cycle (UK BIM Framework. 2019a) and 

are assessed across three organisational levels (strategic, implementation, operational).  

These levels acknowledge the importance of the proposed users who would be responsible 

for understanding how each of the BIM maturity metrics would be conducted. 

b) The ‘How’: Assessing the BIM maturity and KPI metrics from the previous stage. However, 

from critically reviewing previous BIM maturity assessments the levels were reduced from 

five to three (awareness, occasional application, and consistency), to provide the necessary 

distinction, as similarities could be seen existing amongst the five levels. The assessment 

also included an indication of how the BIM maturity and KPI metrics are linked based on a 

proposed relationship (Section 4.5.2) and having reviewed key literature (Section 3.10) (i.e. 

sustainability which is linked to collaboration and EIR). 

c) The ‘Evidence and the Why’: Benefits are expected from combining BIM maturity and KPI 

metrics in the previous stage. These include: Improved collaboration, communication and 

relationships, improved certainty and a reduction of uncertainty, greater cost certainty and 

reduced risk provision, programme certainty, performance certainty, improved change 

implementation and management, improved safety, improved user satisfaction, and 

reduced lifecycle cost. Finally, it includes future plans that indicate actions to take in terms 

of the BIM maturity metrics in order to move from one level to another. It also considers 

how KPIs link with the BIM maturity metrics, and how to ensure the benefits are attained. 

3) The findings of the focus group workshops, which covered the ‘What” stage of the conceptual 

framework were presented in Chapter 6. The findings consisted of eight workshops that were 

held with focus group members to discuss the development of the ‘What’ stage and identify 

the BIM maturity and KPI metrics. A number of BIM maturity metrics were identified across 

the three organisational levels that reflect BIM maturity information across the information 
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delivery cycle, and accord with the transition from the Level 2 BIM standards to the new BS 

EN ISO19650 standards (UK BIM framework. 2019b).These were populated in the proposed 

framework, and resulted in the delivery of three BIM maturity assessments across all 

organisational levels (Section 6.8) and consist of top and sub metrics, the descriptors for each 

of the metrics, and a three-level BIM maturity level assessment (awareness, occasional 

application, and consistency). The proposed list of nine KPI metrics (Section 3.7) have been 

presented and agreed amongst the group members, and linked with the BIM maturity metrics. 

4) The findings of the semi structured interviews covered the ‘How’ and ‘Why’ stage of the 

conceptual framework, as presented in Chapter 7. These gave results on the link between BIM 

maturity assessment, and the KPI metrics, and formed an action plan to identify how to 

improve from one maturity level to another. The findings from 15 UK client interviewees 

considered BIM maturity assessment across three organisational levels and visualised the 

current maturity levels under which the participants would fall. The KPI metrics were 

subsequently determined and linked with the BIM maturity metrics (i.e. sharing = cost).  This 

achieved the objective for the ‘How’ stage. The interviewees proposed an additional KPI 

metric (collaborative culture), and the importance of positioning KPIs alongside the previous 

list to reflect organisational performance and the need to address cultural behaviours. The 

interviewees demonstrated how BIM maturity and KPIs are linked (Section 7.4.4), which 

presented the KPI metrics and how they were linked with the BIM maturity metrics across all 

organisational levels (i.e. profitability = collaboration and capital delivery) (Section 7.4.1-7.4.3). 

An action plan that addressed the objective for the ‘Why’ stage (Section 7.4.5) was proposed 

by interviewees as a step to improve a BIM maturity level and enable movement from one 

level to another (i.e. from occasional application to consistency).  This was achieved by 

presenting potential methods to monitor the progress of construction organisations and how 

the KPI metrics are linked to enhance the performance of construction projects.  

5) The findings from the online questionnaire covered the ‘How’ and ‘Evidence’ stage of the 

conceptual framework. This phase considered the combination of BIM maturity and KPI 

metrics, the assessment of the relationship, and the extent to which participants agreed on 

the presented list of benefits, as presented in Chapter 8. The findings consisted of 40 

completed questionnaires, which were returned by participants who were UK clients and 

different to those who participated in the interviews.  The findings explored the relationships 

between BIM maturity and KPI metrics across the three organisational levels. Similar to the 

interviewees and to achieve the objective of the ‘How’ stage, the participants were required 
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to conduct the BIM maturity assessment and identify their maturity level. From this, a 

relationship assessment was proposed (Appendix G) to see how the maturity level for the BIM 

maturity and KPI metrics could be linked. The relationship assessment offered a four-levels of 

strength for KPI relationships (no relationship, weak, medium, strong) across the three-levels 

of BIM maturity (i.e. collaboration process = occasional application, and cost = medium).  This 

was achieved through correlation (strength of relationships) to determine how BIM maturity 

and KPI metrics are linked, and linear regression (as BIM maturity levels increased/decreased, 

then KPI relationships would increase/decrease directions). It thereby determined how BIM 

maturity metric levels impact on the KPI strength of relationships. To achieve the objective of 

the ‘Evidence’ stage, a number of benefits were proposed after combining BIM maturity and 

KPI metrics (Section 4.5.3); this delivered a standardised list of nine benefits and ascertained 

the extent to which participants agreed with these benefits. 

Having presented the rationale for how the conceptual framework evolved into the initial 

framework development, the next section will present the internal validation stage that 

discusses each of the conceptual framework’s three stage elements, namely the ‘What’, ‘How’ 

and the ‘Evidence and the Why’.  It described how a number of decisions were taken following 

the primary data collection, which helped to justify and formulate a rationale for the initial 

framework development. Moreover, the primary data was linked to the literature that 

informed the initial framework development. 

9.3 Internal Validation 
 

The internal validation (discussion) process was applied to consider the extent of any bias in the 

research. The approaches for assessing internal validity in construction management include 

comparisons with published literature (Ankrah, 2007; Manu, 2012; Proverbs, 1998; Xiao, 2002). 

Thus, the main aim of the internal validation is to compare the primary data collection findings 

with the key literature and relate these to each of the conceptual framework’s three stages.  This 

step demonstrates how the conceptual framework evolved from its initial stage and supports the 

decisions taken to develop it. Upon completion of the internal validation, key topic areas were 

explored through a cross case thematic analysis. This outlines the sub topics and their 

relationship with the key topic areas; moreover, it links them with the primary data from the 

focus group workshops, interviews, and questionnaire findings (i.e. data on the three 

organisational levels, such as the BIM maturity assessment results). These are subsequently 

compared with the literature to outline similarities and differences, and indicate the evolvement 

from the initial framework development. The initial framework is presented in Figure 9.1.
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Figure 9.1 Initial Framework development 
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9.4 “The What” stage: Discussion on the identification of BIM maturity and KPI metrics 
 

This section relates the primary data to the literature and links it with the BIM maturity metrics 

that were proposed across the focus group workshops and interviews.  This demonstrates the 

evolvement of the ‘What’ stage concerning the BIM maturity and KPI metrics. The discussions 

related to: 1) The adoption and compliance with BIM, 2) The transition from Level 2 BIM to BS 

EN ISO 19650 standards, and 3) The usage of KPIs across organisations, will be presented. 

1. BIM adoption and compliance 
 

In terms of BIM adoption, the primary data revealed that 60 – 90% of the participants confirmed 

they are currently using BIM, which reflects the findings of several other studies that indicated 

BIM adoption at 60% or above (Alazmeh, Underwood, & Coates, 2018; Ashworth, Tucker, & 

Druhmann, 2019; Blay, Tulli, Mensah, 2019; Ganah, 2015; Georgiadou, 2019; Jallow et al., 2019; 

Kensek and Noble, 2014; Piroozfar et al., 2019). The NBS survey (2018) indicated that 70% of 

organisations are currently adopting BIM, whereas when repeated a year later (2019), the survey 

found that revealed that 51% of participants believed the UK government mandate to be 

unsuccessful, while 39% were unclear as to what has to been done to comply with the 

government mandate, and only 22% believed that the construction industry was delivering on 

the government mandate. This suggests that there is still a view that the UK construction industry 

is unclear about the requirements of BIM and what is required to achieve BIM Level 2. 

Nevertheless, this also raises a concern about organisations moving forward to Level 3 while 

many are still unclear about BIM and its operation at Level 1. This is believed to comply with the 

same survey (NBS. 2019), which indicates that 57% of participants agree that local governments 

are not enforcing the government BIM mandate.  

Various studies have reported different adoption rates, both in the UK and across the globe. But 

it is worth mentioning that the UK has taken a step forward with adoption towards BIM Level 3, 

or the usage of the new BS EN ISO19650 standards. This research started around the same time 

as the government BIM mandate, and results indicate a high level of response. The focus group 

workshops and interviews were conducted prior to the release of the new BS EN ISO19650 

standards. The standards became available to the public during the questionnaire survey period, 

and thus were not included as questions to participants. The next section will describe the 

transition from Level 2 BIM to the new BS EN ISO19650 standards, but it is worth noting that the 

findings across the data collection phases that include Level 2 BIM will remain relevant to the 

new BS EN ISO19650 standards.  
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2. The transition from Level 2 BIM to BS EN ISO19650 standards 

 

Table 9.1 demonstrates the transition of BIM maturity metrics between Level 2 BIM and the 

new BS EN ISO19650 standards, according to the recent UK BIM vision (BSI. 2019). 

 

Table 9.1 shows a comparison between the Level 2 BIM metrics (according to PAS1192-2), and 

those of the BS EN ISO19650 standards - parts 1 and 2 (PD 19650‑0. 2019).  The seven metrics 

highlighted have been used across BIM maturity assessments over the three organisational levels 

(strategic, implementation, operational) according to the primary data findings (Section 6.8). 

Table 9.1 indicates that Level 2 BIM has been superseded by BS EN ISO19650 parts 1 and 2, but 

the essence of the description remains the same. According to recent publications on the new 

standards, the principles and requirements of the new BIM terms are recognised from the 

previous UK standards and BIM level 2 website (BSI. 2008, 2013, 2014; BIM Level 2. 2016; Kumar, 

2015; NBS. 2020). This suggests that the transition between the previous and new standards 

deliver an enhanced understanding of the changes that will occur due to this replacement. For 

this research, and to follow the new guidance on BIM maturity, it was necessary to include the 

transition from Level 2 BIM to the new BS EN ISO19650 standards when developing the BIM 

maturity metrics within the maturity assessments (Section 6.8).  However, the assessment 

Table 9.1 Transition guidance between Level 2 BIM and BS EN ISO19650 standards (BSI. 2019) 
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remains the same and nothing additional will be expected. The focus group workshops and semi 

structured interviews were conducted when there was no mention of the transition to new 

guidance. However, the BS EN ISO19650 standards (parts 1 and 2) were released during the 

questionnaire survey and during this data collection phase, there was some discussion on the BS 

EN ISO19650 standards. Although this research began in April 2016, during the UK government 

Level 2 BIM mandate (NBS. 2016), Table 9.1 demonstrates that BIM maturity assessments will 

still comply with the new BS EN ISO19650 standards parts 1 and 2 (UK BIM framework. 2019b) 

(i.e. in roles and responsibility to function) and the assessments remain valid according to the 

latest UK vision for BIM (NBS. 2020).  

As a result, the organisational levels have been amended to include this transition (Section 6.8) 

where the metrics of both Level 2 BIM and ISO10650 are included.  This will be added to the 

reasons for adopting the current assessment and address the absence of BIM maturity 

assessments that comply with the new BS EN ISO19650 standards. When asked about comments 

and actions to take forward, participants discussed the BS EN ISO19650 standards. This shows 

that the research would add to the literature by introducing new guidance to different 

organisational levels.  This could result in a greater likelihood of assessment and BIM adoption 

amongst clients, according to a recent NBS survey (NBS. 2020). The survey has indicated 30% 

adoption of BS EN ISO19650- parts 1 and 2, thus the research may help to increase these levels.  

3. KPIs used in organisations to evaluate the success/performance of an organisation/project  
 

This research delivered a list of KPI metrics as a standardised list for use in KPI assessments. 

Findings relating to the proposed KPIs are displayed in Table 9.2.  

 

 

 

 

 

 

The KPIs detailed on the left hand side of Table 9.2 deliver a standardised list of metrics that 

emerged from the literature and have been used in construction projects and organisations in 

the UK and around the globe (Section 3.7). The focus group participants agreed that this could 

act as a standardised list when linking with BIM metrics (Section 6.11). When asked about core 

KPIs in use (and before presenting the list of KPIs), interviewees noted a sample of KPIs that were 

different to this list (Section 7.3.3).  

Table 9.2 KPIs evolvement (Literature and Data collection) 



337 | P a g e  
 

Some interviewees indicated the use of Internal or in house-standard KPIs within their practices; 

which aligns with studies that mentioned internal KPIs (discussed in Chapter 3).  Examples given 

included: Close-outs, internal QA procedures, digital engineering venues, KPI self-assessments, 

and KPI internal developed tools. Other KPIs focused on the outcomes for organisations and 

social aspects. Some of the aforementioned processes align with Kagioglou, Cooper, & Aouad 

(2001) in offering a framework for performance management, a means to benchmark and a focus 

on organisational strategy and goals. Moreover, Aboumoemen (2016) aligned the NWCH 

framework of KPIs with the anticipated benefits from the BIM-KPI assessment, while Lin and Shen 

(2007) offered a benchmark to develop a KPI framework, and Yeung et al., (2013) developed a 

benchmarking model for construction projects that included KPIs.  

Some studies mentioned benchmarking for construction projects (Chan and Chan 2004; Costa et 

al. 2006; Cox et al. 2003; Lee et al. 2005). Another KPI parameter mentioned across the interviews 

but not considered for this research is predictability. It has been used as a sub parameter for two 

main KPIs (cost and time), and has been defined as: “Actual Cost/Time against the Cost/Time 

predicted at tender” (Swan and Kyng, 2014, p. 11). Predictability (cost and time) has been 

mentioned by some publications across the UK as part of their KPI review (Aboumoemen, 2016; 

Costa et al., 2006; Egan, 1998; Ofori-Kuragu et al., 2016; UK IPR. 2018). Two interviewees noted 

the use of predictability as a KPI: “One of the other ones that have some thoughts around is 

predictability, and it could come under risk and predictability” (Interviewee I04) and “When we 

think back with predictability, is about if it’s going to be delivered what we say it is to the cost 

and the quality” (Interviewee I05). This indicates that predictability could be used as a sub-metric 

for KPIs under the top metrics of cost, time, risk, and so forth.  

Ofori-Kuragu et al. (2016) conducted a survey to demonstrate the relevance of KPIs across 

Ghanian contractors, which includes a similar list of KPIs as this research but with the addition of 

predictability. The results showed that predictability was the least relevant of the KPIs with a 

negative score of (-14), which indicates a highly irrelevant KPI.  Therefore, it has been omitted 

from the standard list of KPIs in this study. Some of the interviewees have mentioned the 

importance of human nature as part of the KPIs; one of the interviewees stated that “I feel you 

need to draw in the human, collaborative and cultural KPIs into this a bit more as you cannot rely 

solely on technology and the process.” (Interviewee I05).  Furthermore, “social value” 

(Interviewee I08) was noted, while Interviewee I12 noted, “We have a range of KPIs across 

projects, but the big KPIs are around collaboration”. The interviewees revealed the importance 

of human related KPIs that allow for organisational change and forward movement. Nevertheless, 
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Beatham et al. (2004) and Costa et al. (2006) criticized KPIs in their current format, stating that 

that they do not offer the opportunity for organizational change. Therefore, human nature has 

been included as a KPI, named as “Collaborative Culture” as shown in Table 9.2 (right-hand side).  

This addition accords with some of the literature findings as construction industry reports have 

noted problems in the construction industry, calling for improved processes to address them. As 

a result, it is proposed that collaborative culture, which was suggested as a KPI, and accords with 

Egan (1998) Piroozfar et al., (2019) and Wolstenhome (2009), could improve the fragmented 

nature of the industry. Collaborative culture (working) was mentioned by some studies (Akintoye 

et al., 2012; Balfour Betty, 2018; Constructing Excellence. 2019a, 2019b; Miles and Trott, 2011; 

Pala et al., 2013) and was defined as: “Working together in a seamless team to common 

objectives that deliver benefit for all through mutually-beneficial (i.e. including commercial) 

alignment” (Constructing Excellence, 2019b). Moreover, collaborative working and human and 

people aspects were mentioned by several studies as KPIs, as shown in Table 9.3. 

 

 

 

 

 

 

In addition, to help determine the most frequently used KPIs and deliver a list of KPIs for this 

research, interviewees were asked to demonstrate a link between the BIM metrics and KPIs to 

determine which KPIs would be used and which would appear to be the most used, (illustrated 

in Table 9.4). Also, the questionnaire asked participants to determine which of the KPIs were 

used to evaluate the performance of construction organisations/project on an individual basis, 

(Section 8.4.1).  

 

 

 

 

 

 

 

 

Table 9.3 Alternative names for collaborative culture 

Table 9.4 The most commonly appearing KPIs across the literature 
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The literature in Chapter 3 ranked the KPIs in the order of cost, time, and quality, and interview 

results indicated that the most commonly used KPIs linked with BIM metrics was quality, followed 

by time and cost. This aligned with one of the interviewee’s responses that the order of 

appearance for the KPIs should be “Quality, Time and Cost” (Interviewee I08) but contradicts with 

another response that suggests: “In reality everyone is looking to the cost, time and quality, but 

the order should be Time, Quality and Cost” (Interviewee I02). Across the questionnaires the KPI 

most used to evaluate construction organisation/project performances was quality, and this 

correlated with Ofori-Kuragu et al., (2016) who conducted a survey amongst Ghanian Contractors 

to rank the relevance of KPIs.  This was followed by time then cost according to the interview and 

questionnaire findings; however, the study by Ofori-Kuragu et al., (2016) found that cost was the 

third most important and time the fourth. This would not change the order of the KPIs, since they 

appeared in most studies and were considered as objective and primary measures; however, it 

was worth mentioning that amongst the three, quality was seen as the most relevant. For the 

secondary KPIs, one study placed health and safety as an objective measure (Chan et al., 2002); 

however, as this was not considered relevant by other studies, it was considered secondary and 

a subjective KPI measure.  

Additional KPIs for consideration across the questionnaire phase, and a key part of the digital KPI 

area, measure the number of clash detections/resolutions at the pre-construction stage. 

Nevertheless, according to the literature, clash detection was mentioned: as part of the BIM 

process when scoping the client’s requirements regarding FM and EIRs (Ashworth et al., 2018); 

as part of a BIM scorecard to assess the integration of clash detection, estimating and scheduling 

(Joblot et al., 2018; Mahamadu, 2017; Vico. 2011); as an element of BIM use for the Design-

Construction stage (Dakhil, 2017); as an application of BIM for the project execution process, and 

considered a critical success factor for BIM projects (Badrinath et el., 2019). Furthermore, clash 

detection was also considered a BIM characteristic (Piroozfar et al., 2019; Thomsen et al., 2009), 

a benefit in meeting quality assurance (Blay et al., 2019), and as a parametric modelling process 

that allows for the association of more sophisticated properties to objects to generate warnings 

when other objects infringe on that space (Crotty, 2011; Gyarting, 2014).  

It was addressed in the literature review for BIM and the UK, and for quantity surveying (Marsh, 

2017) as a powerful tool for performing clash detection (Weygant, 2011).  In addition, it was 

considered a key BIM benefit for cost consultants (Goucher and Thurairajah, 2012), for 5D 

software in offering the ability to check for clashes (Won et al., 2011) and as part of an early risk 

identification process (Haque and Mishra, 2007; Harrison & Thurnell, 2015; Sebastian, 2011; 
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Stanley and Thurnell, 2014). This indicates that clash detection is recommended as part of BIM-

KPI metrics, and could be included in the standardised list of KPIs for future studies. The 

remaining KPIs from the primary data collection phase could be considered in future studies and 

would need to be reviewed to determine how they could be generalised and added to the 

existing list of KPIs. 

9.5 The ‘How’ stage: Discussion on the linkage between BIM maturity and KPI metrics 
 

This section discusses relating the primary data findings; it compares the literature and links it 

with the BIM maturity and KPI assessment results from the interviews and questionnaires in 

order to demonstrate the evolution of the ‘How’ stage. A number of discussions related to:  

1) The awareness of BIM maturity assessments;  

2) The existing BIM maturity assessments across organisations;  

3) The methods used to measure KPIs to evaluate the success/performance of organisations;  

4) How BIM maturity and KPI metrics could be linked;  

5) The mechanism for linking BIM maturity and KPI metrics based on the data collection findings, 

and  

6) The result of for linking BIM maturity and KPI metrics across the three organisational levels. 

These are based on the data collection findings, and the relationship between BIM maturity and 

KPI metrics. These are established by comparing the BIM maturity metrics and KPI (Cost) findings 

across all the organisational levels, which has been conducted through the following analysis: a) 

Frequency and total averages, b) Spearman correlation, and c) Linear regression. 

1. Awareness of BIM maturity assessments/tools/models 
 

Section 3.4 has delivered a condensed list of BIM maturity assessments that exist across the 

globe, with emphasis on existing BIM assessments in the UK. Thirty three assessments exist in 

the UK, including popular and/or additional assessments (Aboumoemen, 2016; ARUP. 2014; 

Badrinath et al., 2019; Bew and Richards, 2008; BIMIcon, 2021; BIMTASKFORCE, 2013; BRE. 2016; 

CDBB. 2021a, 2021b; CPI. 2011; Dakhil, 2017; DBE Careers, 2021a, 2021b, 2021c; Dakhil et al., 

2019; DFT; 2016; HS2 BIM. 2016; Ifm. 2018; Jenaban et al., 2016; Jones; 2020; Khosrowashahi 

and Arayici, 2012; Kumar and Hayne, 2016; Mahamadu et al., 2019; Marsh, 2017; MoJ. 2016; 

Mott Macdonald. 2017; Munir et al., 2019; NBS. 2016; NFB. 2016; Scottish Future Trust. 2017; 

Supply Chain Sustainability School. 2017; Walters, 2021; Wates. 2019). When questioned on their 

awareness of BIM maturity assessments, the interviewees indicated they would recognise a 

significant low sample of the BIM maturity assessments.  Specifically, some recognised the 

existence of the Capability Maturity Measure (NIBS. 2007), the Penn State Organisational 
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Assessment (CIC. 2013), the ARUP Maturity Measure (ARUP. 2014), the Compass and Upskilling 

Tool (Scottish future trust. 2017), BIM level 2 Certification (BRE. 2016) and the NBS Toolkit (NBS. 

2016). Moreover, questionnaire participants were aware of the list of assessments presented 

(Section 8.4.1.2).  

Interestingly, some interviewees stressed that BIM maturity assessments were well known within 

academic practice and not well recognised in UK working practices. In addition they emphasised 

that some reasons for lack of awareness of assessments amongst practice is due to restrictions 

on accessing assessments and organisational unwillingness to share data. This correlates with 

Badrinath et al. (2019) who provided a comprehensive list of 32 assessments, some of which 

were accessible, whilst others that were available were based on a recognisable few within the 

global market while some were less practical. This also aligns with Azzouz et al., (2016a) who 

signified that widespread challenges associated with BIM AMs were based on shortage of 

frameworks for use within the industry, and absence of an overarching research agenda. Both 

authors have stated that there are few case studies to support and validate assessments. This 

presents a challenge for BIM assessments in general and shows the importance of spreading 

awareness and allowing accessibility to assessments for use by construction organisations. 

2. BIM maturity assessment(s)/tool(s)/model(s) used in organisations. 
 

There is a growing number of BIM maturity evaluation models and the number of BIM 

performance measurement tools has gradually increased over the last decade (BRE. 2016; Chen 

et al., 2012; Giel and Issa, 2013a; Mom and Hsieh, 2012; Nepal et al., 2014; Succar, 2010a). A 

number of BIM maturity assessments exist within the AEC industry. These assessments are noted 

as six (Aboumoemen, 2016; Giel and Issa, 2013), nine (Bougroum, 2016; Wu et al., 2017), 11 

(Dakhil et al., 2015; 2016; Månsson and Lindahl, 2016) 16 (Azzouz et al., 2016a, 2016b), 32 

(Badrinath et al., 2019) and 45 assessments (Aboumoemen and Underwood, 2017).  

The assessments have the following characteristics: 1) They consist of performance individual 

measures (Bougroum, 2016); 2) They are based on project and organisational assessments (Giel 

and Issa, 2013b); 3) Maturity models produce valuable benefits to BIM users (Giel and Issa, 

2013b; Nepal et al., 2014; Succar, 2010a); 4) Models and frameworks measure BIM performance 

by assessing the capabilities and maturity of individuals, teams or organisations (Månsson and 

Lindahl, 2016; Månsson et al., 2017); 5) A growing number of assessments assess individuals, 

organisations, project teams (Badrinath et al., 2016; Badrinath et al., 2019); 6) They cover aspects 

of people, process, technology (Succar, 2009, 2010a), and 7) People, Process, Technology, 

Strategy (Dakhil, 2017; Dakhil et al., 2015, 2016, 2019). An extensive review of various BIM 
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maturity assessments across the globe with different classifications were critically reviewed in 

Section 3.4 and 92 BIM maturity assessments were identified under BIM maturity assessments, 

tools, models, and frameworks. Building on to this research, the assessments could all be 

categorised under seven main categories: 1) BIM competencies and capability assessment (self), 

2) Assessment framework, 3) Assessment methods (other), 4) BIM functional model (tool), 5) 

Maturity models based on levels 1-5, 6) Scoring criteria percentages for projects; and 7) A 

scoring criteria percentage on a model with possible certification. The assessments were 

identified under the following maturities: either project, organisational, or both project and 

organisational. As an additional category and requirement for this research, some of the 

assessments had embedded KPIs, and were categorised as; 8) Combined BIM/KPI (driven by 

other categories). Based on these assessments, this research delivered a BIM maturity 

assessment to be conducted across three organisational levels (strategic, implementation, and 

operational). Throughout the focus group workshops, the BIM metrics were discussed in more 

detail and allocated according to where they were believed to fit for each organisational level, 

based on experiences with the industry experts. Descriptions for each sub metric were given to 

provide a better understanding of what they represent and the essence behind them.  

Finally, users who would best fit within each organisational level and hold responsibility for 

completing the assessment were recommended, namely: 1) Strategic: Senior Managers, 2) 

Implementation: Information Managers, and 3) Operational: Project Managers. This research 

critically reviewed assessments that consisted of a five maturity levels. These levels were 

mentioned across a number of publications although there have been some changes to the 

naming convention of the level. The concept of maturity levels emerged from a quality 

management grid, that had five stages including: uncertainty, awakening, enlightenment, 

wisdom, and certainty (Crosby, 1979). These were then applied to assess software and 

technological capabilities which addressed maturity levels based on the following: Ad-hoc, 

defined, managed, integrated, and optimised (Humphrey, 1988; SEI. 1993).  

A list of maturity models unrelated to BIM was also noted; based on a review of the literature, it 

identified the need to follow the CMMI assessment, since this was more relevant to the 

background of BIM and construction. These levels were; performed, managed, defined, 

quantitatively managed, and optimising (Chrissis et al., 2003; Paulk et al., 1994). Some studies 

built on their assessments by using the concept of five level maturity in which there was a slight 

change to the naming convention; for example, performed was changed to initial, but the 

remaining levels remained the same (Succar, 2009; 2013; Succar et al., 2010a, 2010b, 2016). In 
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relation to the UK context, capability maturity and its relationship with the UK BIM mandate 

were: Accuracy, generalisation, interoperability, level of detail, and meta-data (Godfrey, 2008; 

Humphrey, 1988; Nolan, 1973; Survey4BIM. 2015).  

The most famous models identified in the literature delivered assessments based on the 

following maturity levels: Non-existent, initial, managed, defined, measured and optimising 

(ARUP. 2014; CIC. 2013). Building on to this research, some studies delivered five-level maturity 

assessments (ARUP. 2014; Change Agent AEC. 2013; CIC. 2013; Succar, 2009) that were based on 

that of the Software Engineering Institute (SEI. 1993).  Aboumoemen (2016) and Aboumoemen 

& Underwood (2017, 2019) suggested reducing the maturity assessments from five to three 

levels to provide the necessary distinction since similarities could be seen between some levels. 

As a result, this research presented a three-level assessment as follows: Awareness, occasional 

application, and consistency.  

An extract of the findings related to this research’s BIM maturity assessment is shown in Table 

9.5, and the complete results are available in Appendix G. 

Table 9.5 BIM maturity assessment findings across all organisational levels 
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The scoring averages were as follows: (1) 1-1.6=Awareness (Aw), (2) 1.6-2.4=Occasional 

Application (OA), and (3) 2.4-3=Consistency (Co). Across all organisational levels and based on 

the data collection findings, the overall maturity levels showed an average between 1.80 and 

2.32 indicating an OA level. The individual sub metric scores are shown for awareness and 

consistency. This indicates that most participants see themselves within the occasional 

application levels.  

This represents a contribution in the delivery of an assessment with the BS EN ISO19650 

standards embedded, and includes three organisational and three maturity assessment levels. 

Across the literature, and as part of the BIM maturity assessments benefits, some demonstrated 

that: The quantification of evaluation is high (Du et al., 2014; Gao; 2011; Kam et al., 2013a; Wu 

et al., 2017) and easy to implement (CIC. 2013; IU; 2009a; NIBS, 2007; Succar, 2009; Wu et al., 

2017). Guidance on what performance measures should be obtained has been provided and 

emphasized by Bougroum (2009) and Neely et al. (1997).  

Due to the awareness of BIM maturity assessments, the primary data findings indicated the use 

of internal in house/own assessments, which were developed within their organisations to assess 

their BIM projects. Examples include: 1) Internal checklists, 2) PQ questionnaires, 3) Capability 

assessments, 4) Capability questionnaires, 5) BMA templates, 6) BSI, and 7) Bespoke measures. 

This research calls for the delivery of a standardised BIM maturity assessment for use within 

organisations to assess the BIM maturity of their projects and organisations and to be shared 

amongst users across the UK industry. This research identified a total of 92 existing BIM 

assessments across the globe, while 33 are applied across the UK.  

This is not to say that BIM related assessments do not exist with the UK industry, but as a result 

of copyrights and restricted access from some organisations, the researcher was not able to 

access further assessments that are believed to exist within the UK.  Thus, the list was based on 

the researcher’s ability to collect as many of the existing BIM maturity assessments as possible. 

Further research could be conducted on additional existing assessments in the UK and, should 

there be access to wider assessments across UK organisations, then researchers may be able to 

identify some of the BIM related maturity assessments that extend beyond the list provided in 

Section 3.4 and from the primary data findings.  

Following an overview of existing BIM maturity assessments in the literature, which is the first 

study to recognise an exhaustive list of assessments, and deliver a BIM maturity assessment that 

adds to the existing list of assessments, the next section will discuss KPI metrics and their 

importance within project/organisation performances.  
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3. Measuring KPIs to evaluate the success/performance of an organisation/project 
 

In order to measure KPIs, it is necessary to have a database to record the KPIs, and checklists to 

monitor and record the usage of KPIs, which correlates with Parfitt and Sanvido (1993) who 

advise a checklist to record the critical success factors of projects, and systems to track the 

progress of KPIs. This aligns with Kagioglou et al. (2001) who developed a framework to measure, 

monitor and record KPIs; this also correlates with Constructing Excellence (2004b) and Kiew, 

Ismail, & Yusof (2012) in providing a process to calculate, report, and remeasure KPIs. 

Nevertheless, some interviewees indicated a lack of experience creates difficulties in measuring 

KPIs; moreover, further issues arise when excessive information is received from KPIs, when 

monitoring and dealing with this information, in being unable to benchmark them, and in not 

having formal KPIs for measurement.  

This confirms the findings of Aboumoemen (2016), Eadie et al., (2013), Gyarting (2014), Marsh 

(2017), and Yeung et al., (2013) who state that some of the challenges that exist relate to a lack 

of experience and deficiencies in dealing with the presented information. When the list of KPIs 

was provided, as revealed from the interview findings, 60% agreed with this list while the 

remaining disagreed. Amongst those who agreed, supporting information on how each KPIs was 

being used was provided to enable a greater insight and in-depth exploration into how KPIs could 

be approached and delivered within practice. Amongst those who disagreed, the main reasons 

given were the absence of internal KPIs, being aware of some KPIs, and the KPI list not operating 

and aligning with working practice. Some studies across the literature presented KPIs as different 

methods (Parmenter, 2015), such as: critical success factors (Amuda-Yusuf, 2018; Badrinath et 

al., 2019; Joblot et al. 2019; Tsai et al., 2014; Westerveld, 2003); performance success (Yang et 

al., 2010; Westerveld, 2003); performance measurements (Bassioni et al., 2004; Gosselin, 2005; 

Hatzigeorgiou and Manoliadis, 2018; Hegazy, 2012; Kagioglou et al., 2001; Karim and Marosszeky, 

1999; Lin and Shen, 2007; Maya, 2016; Neely, 1999; Robinson et al., 2005; Sousa et al., 2006); 

project performance (Gyarting, 2004, Smits et al., 2016; Wong et al., 2016); measuring 

construction success (Chan et al., 2002; Chan and Chan, 2004; Ofori-Kuragu et al., 2016; Parfitt 

and Sanvido, 1993; Takim and Akintoye, 2002; Westerveld, 2003), and Fuzzy AHP process 

(Khanzadi et al., 2019; Zhao et al., 2017).  

4. How could BIM maturity and KPI metrics be linked?  
 

Data was collected on the possibility of linking BIM maturity and KPI metrics to see what impacts 

could occur and whether they would operate together. The interviewees indicated that almost 

everyone agreed to a link. Examples given were: “It comes down to the way we deploy on how 
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we do it on projects” (Interviewee I01); “There is a link, if you’re not capable of delivering 

something (BIM), then it will affect the cost of the delivery and maybe the time and might affect 

the overall quality (KPIs)” (Interviewee I02), and “The more mature you are in the process, the 

more you understand the process, the better you will perform” (Interviewee I03). In comparison, 

55% of the questionnaire participants agreed with the linkage. When asked about the potential 

methods for this link, interviewees indicated that it could happen through: Training, monitoring 

capabilities, a methodology for measuring BIM, and internal project management systems. 

Questionnaire participants also indicated that it could happen through reviews and reports, the 

delivery of a tool, and both project and organisational performances.  

The results across the collected data indicate that it is possible to link BIM maturity and KPI 

metrics and the above would be the supporting methods on how such linkage would occur. This 

accords with Smits et al., (2016) who states that it is possible to BIM and KPIs but such links are 

yet to be empirically tested. Moreover, Wong et al., (2016) states that limited studies exist to 

determine the potential linkage between BIM and project performance. A limited number of 

existing publications had noted the possible relationships between BIM maturity and KPIs across 

construction projects (Smits et al., 2016). Other studies viewed the influence of Critical Success 

Factors on either BIM elements or KPIs in terms of project performance (Ashworth, Tucker, & 

Druhmann 2018; Badrinath et al., 2019; Dakhil et al., 2019; Ozorhon and Karahan, 2016; Shin and 

Choi, 2016). This implies a failure to link BIM maturity and KPIs to realise potential benefits.  

Following research into BIM-KPIs, this study has managed to outline 33 existing BIM/KPI 

assessments, which were classified into six categories: 1) BIM impact on construction projects 

(KPIs), 2) KPI impacts on BIM implementation, 3) Assessment frameworks, 4) Assessment 

methods, 5) BIM implementation within organisations, and 6) Assessment tools. Furthermore, 

three previous assessments were found to have conducted a similar approach by analysing the 

links between BIM maturity and KPI metrics (Aboumoemen, 2016; Smits et al., 2016; Wong et al., 

2016). They delivered: potential linkages through frameworks that identified how BIM maturity 

and KPI metrics could be linked (Aboumoemen, 2016); a statistical relationship of six BIM metrics 

across three KPIs, namely time, cost and quality (Smits et al., 2016), and the statistical and 

potential relationship of eleven BIM capabilities across two KPIs, namely time and cost (Wong et 

al., 2016).  Other studies recommended the need to consider KPIs and their links with existing 

BIM assessments (Amuda-Yusuf, 2018; Dakhil, 2017; Joblot et al., 2019), while others have noted 

the need to reassess the relationship between BIM maturity and KPI metrics with alternative 

metrics than those previously applied (Smits et al., 2016).  
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5. The mechanism for linking BIM maturity and KPI metrics  
 

 A sample BIM maturity assessment and relationship assessment across the three organisational 

levels is presented in Figure 9.2, and the complete version for all organisational levels is available 

in Section 6.8 and Appendix G. 

 

 

Figure 9.2 shows that, following the assessment of BIM maturity levels, users would assess the 

KPI strength of relationship and connect it with the maturity level for each BIM maturity sub 

metric. The averages for the strength of relationship was identified as follows: (0) 0-0.75= no 

relationship (none), (1) 0.75-1.5= not significant (weak), (2) 1.5-2.25= moderate (medium), and 

(3) 2.25-3= significant (strong). As mentioned in this study, a framework is needed to show the 

potential relationships between BIM maturity and KPI metrics in order to measure construction 

Figure 9.2 BIM maturity assessment and BIM maturity- KPI relationship assessment sample 
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project success. Although BIM maturity has emerged as a method to measure project and 

organisational maturity through different levels, and KPI metrics measure construction project 

and organisational success, there needs to be an overall assessment that combines both in order 

to provide a holistic assessment method that meets the goals of both.  

This research delivers an assessment that consists of BIM assessment across seven top metrics 

and 34 BIM sub metrics, as follows: 1) Strategic: 11 sub metrics, 2) Implementation: 11, and 3) 

Operational: 13.  Some sub metrics overlap with others across the organisational levels (i.e. EIR 

across all organisational levels; CDE and COBie in implementation and operational levels, and 

Level 2 BIM education and training in strategic and implementation). After identifying the 

maturity levels, 10 KPI metrics are assigned as a standardised list for a KPI assessment, following 

which, users would either identify the potential relationships amongst the 10 KPI metrics across 

the seven top metrics.  This was considered in the interview findings, which signified the difficulty 

in establishing: a relationship across the sub metrics, the strength of relationships amongst KPI 

based on existing maturity levels [i.e. EIR= (1) Aw and cost= (2) moderate] or on sub metrics as 

a general concept.  This was also revealed in the questionnaire findings, namely that, in general, 

the BIM sub metric did not impact on the KPI levels. The data collection findings delivered a 

number of additional (and previously absent) BIM-KPI linkage metrics, which needed 

consideration in the previous assessment.  A sample are shown in Table 9.6. 

Data were collected from interviewees and questionnaire participants on their thoughts about 

the study’s assessment that links BIM maturity and KPI metrics. Interviewees indicated that when 

linking the two there is an impact when assessing the supply chains, assessing documented 

papers, determining major effects on projects, identifying capacity and a team’s experience, and 

on management process. 

The questionnaire participants stated that the impact would occur through the provision of a 

baseline/benchmark, where the BIM maturity and KPI metric are related, and 

knowledge/experience is required to determine maturity. This concords with studies that 

showed the positive reflect of BIM capabilities on the KPIs (Wong et al., 2016) but however, 

contradicted to other studies that indicated the impact of BIM and KPIs may be limited (Khanzadi 

et al., 2019; Smits et al., 2016). This suggests the assessment could play a key role in delivering 

the expected linkages between BIM maturity and KPI metrics.  
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6. The primary data results on linking BIM maturity and KPI metrics  
 

Different relationship methods between BIM maturity and KPI metrics were noted across the 

data collection phases. During the interviews, interviewees were asked to state which 

organisational level they would best fit within, and to conduct a BIM maturity assessment related 

to their organisational level. They were then asked to link the BIM maturity sub metrics to the 

KPI metrics. The findings revealed that the majority of interviewees found it difficult to link KPI 

metrics across sub metrics, and as a result indicated a link to the BIM maturity top metrics. Across 

all BIM/KPI publications, a relationship was noted between the primary KPIs (cost, time, and 

quality) and BIM elements therefore, the researcher incorporated this linkage (Figure 9.3 on the 

left-hand side).  

Table 9.6 Additional BIM Maturity and KPI metrics to be included 

Figure 9.3 Organisational levels BIM-KPI linkage comparison (Literature vs Interviews) 
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Amongst the secondary KPI metrics (satisfaction, health and safety, performance, profitability, 

productivity and sustainability), different relationships exist and there is no standard linkage 

between the BIM elements and secondary KPIs,; thus the researcher offered an assumption on 

this linkage, based on a critical review of the literature (Section 3.10). The assumption was 

formulated from checking the descriptions for the BIM maturity top metrics and KPI metrics and 

identifying those that would best align. This theoretical linkage between the BIM maturity top 

metrics and KPI metrics are presented in Figure 9.3, on the left-hand side. This diagram was 

presented to interviewees who struggled to demonstrate the potential linkage; they were thus 

assisted in the delivery and identification of a potential linkage. As a result, the interviewee 

findings showed that the primary KPIs would be linked to all BIM top and sub metrics in general 

across all organisational levels.  This correlate with the literature findings that identified an 

existing relationship between key BIM metrics and KPIs, namely cost, time, and quality 

(Aboumoemen, 2016; Barlish and Sullivan, 2012; Eadie et al., 2013; Gyarting, 2014; Hassan, 2012; 

Khanzadi et al., 2019; Poirer et al., 2015; Smits et al., 2016; Suermann and Issa, 2007; Sun and 

Zhou, 2010; Won and Lee, 2014; Wong et al., 2016). Nevertheless, other publications have only 

demonstrated a link between BIM maturity and KPI metrics by presenting KPIs as either BIM 

components, treating KPIs as Critical Success Factors or as processes that would lead to such 

linkages with no mention of the actual KPIs presented in this research. Hence, this led to the 

secondary KPIs, whereby the findings have revealed different linkages across all organisational 

levels and were thus combined to enable comparisons between the research assumption and 

interview findings.  

The findings revealed the following:  

1) Satisfaction: a) Literature review: collaboration and employer requirements; b) Interviews: As 

before, along with capital delivery and facilities management.  This indicates that satisfaction 

would have been reflected amongst the previous BIM maturity top and sub metrics, and would 

offer a potential linkage. This correlates with Aboumoemen (2016) in demonstrating a 

potential linkage between satisfaction and BIM maturity metrics across organisational levels.  

2) Health and Safety: a) Literature review: Delivery, sharing, capital delivery, facilities 

management; b) Interviews: As before, while delivery and sharing are replaced with 

collaboration and employer requirements.  This shows that Health and Safety would reflect 

on the previous BIM top and sub metrics, and deliver a potential linkage. This aligns with 

Aboumoemen (2016) by demonstrating a linkage between Health and Safety and BIM 

maturity metrics across organisational levels.  It also coincides with the findings of Eadie et al. 
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(2013) through the BIM/KPI metric measurement of BIM; with Khanzadi et al., (2019) through 

conducting a Fuzzy AHP analysis on BIM applications to construction stage KPIs in building 

projects; with Suermann and Issa (2007) in the weighted factors of BIM effects on KPIs and 

the Pearson Chi-Square test of Association, and with Sun and Zhou (2010) through the 

adoption of BIM and the Iron Triangle diagram that includes safety and the statistical analysis 

of BIM application to KPIs.  

3) Performance: a) Literature review: Delivery, sharing; b) Interviews: All BIM maturity top 

metrics, which indicates that performance would reflect on the previous BIM maturity top and 

sub metrics along alongside a potential linkage.  

4) Profitability: a) Literature review: Delivery, sharing; b) Interviews: Collaboration and capital 

delivery, which suggests that profitability would reflect on the previous BIM maturity top and 

sub metrics, and would deliver a potential linkage.  

5) Productivity: a) Literature review: Process, delivery, capital delivery; b) Interviews: As above, 

while delivery is replaced with collaboration, sharing, and facilities management, which 

indicates that productivity would reflect on the previous BIM maturity top and sub metrics, 

and would deliver a potential linkage. This finding agrees with Aboumoemen (2016) by 

demonstrating a potential linkage between productivity and BIM maturity metrics across 

organisational levels; with Khanzadi et al., (2019) by conducting a Fuzzy AHP analysis on BIM 

applications towards the building project KPI construction stage; with Poirer et al., (2015) by 

assessing the performance of BIM implementation through productivity, and with Suermann 

and Issa (2007) through the Pearson Chi-Square test of Association.  

6) Sustainability: a) Literature review: Collaboration and employers’ requirements; b) 

Interviews: As above, although collaboration is replaced with capital delivery and facilities 

management, which suggests that sustainability would reflect on the previous BIM top and 

sub metrics, and would deliver a potential linkage to determine how they would be related. 

This conforms with the findings of Khanzadi et al., (2019) in conducting a Fuzzy AHP analysis 

on BIM applications to the construction stage of building project KPIs, and with Sun and Zhou 

(2010) through the adoption of BIM and the Iron Triangle diagram that includes energy 

(sustainability) and statistical analysis of BIM application to KPIs.  

7) Collaborative culture; Interviews: All BIM maturity top metrics.  This shows that collaborative 

culture would reflect on the previous BIM top and sub metrics and would deliver a potential 

linkage. Since collaborative culture was not mentioned in any of the combined BIM-KPIs 

assessment, this confirms a contribution by this research.  
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The questionnaire on BIM maturity levels and the KPI strength of relationships was distributed 

online. When considering the KPI metrics against the BIM maturity sub metrics, cost is chosen as 

an example for comparison across all organisational levels (Figure 9.4). In terms of the 

assessment, the results indicate that most relationships were in the moderate level across all 

organisational levels, which indicates an overall moderate relationship with cost within the BIM 

maturity sub metrics. The relationships that did not fall under a moderate relationship were: 1) 

Strategic level: Strong for Contractual agreement, design elements, and EIR; 2) Implementation 

level: Strong for CDE, and information exchange; 3) Operational level: Weak for POE, and strong 

for EIR, CDE, and AIM. This confirms that cost has a strong relationship with the EIRs across the 

strategic and operational levels, and a strong relationship with CDEs across the implementation 

and operational levels.  These findings indicate users believed cost has a strong relationship and 

could reduce additional costs across the previously mentioned BIM maturity sub metrics.  

However, they may need to spend more across the remaining BIM maturity sub metrics. This 

correlates with a number of findings that cost savings and spending the necessary amounts could 

lead to increased efficiency in the usage of BIM and increased productivity (Aboumoemen, 2016; 

Barlish and Sullivan, 2012; Dakhil, 2017; Eadie et al., 2013; Gyarting, 2014; Haron, 2013; 

Mahamadu, 2017; Marsh, 2017; NBS. 2020; Smits et al., 2016; Suermann and Issa, 2007; Wong 

et al., 2016).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.4 Comparing KPI strength of relationship with the BIM maturity levels across the organisational 

levels (assessment) 
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Moreover, the results indicated a statistically significant correlation between cost and the BIM 

maturity sub metrics at (p<0.05) across Level 2 BIM Education and Training at the strategic level 

and CDE at the implementation level. The strength of relationships indicated that, for most of 

the BIM maturity sub metrics, there was a positive correlation between cost and the sub metrics 

indicating that as the level of maturity increased or decreased, the cost strength of relationship 

would follow the same direction (Figure 9.5). The metrics with a negative correlation indicate 

that, as the level of BIM maturity increased/decreased, the cost strength of relationship 

decreased/increased as follows: 1) strategic level = collaboration process (not significant); 2) 

implementation level = information exchange (no relationship), and 3) operational level = COBie 

(not significant) and CDE, 3D-6D inputs, project reviews, and lifecycle analysis (no relationship). 

Interestingly, some metrics existed at more than one organisational level, thus, on the one hand, 

CDE had a positive correlation and a moderate relationship at the implementation level, but a 

negative correlation and a no relationship at the operational level. On the other, COBie had a 

positive correlation and a weak relationship at the implementation level, but a negative 

correlation and a weak relationship at the operational level. This shows that the same sub metrics 

may differ in terms of correlation and strength of relationship from one organisational level to 

another; therefore, it is necessary to examine the causes behind this. EIRs existed at all 

organisational levels and had a positive correlation, but the strength of relationship differed from 

one level to another (1: Moderate relationship at the strategic and implementation levels, and 2: 

Weak relationship at the operational level). Similarly, Level 2 education and training had a 

positive correlation, but the strength of relationship differed from one level to another (1: 

Moderate relationship at the strategic level and 2: Weak relationship at the implementation 

level). This again shows that the sub metrics in terms of cost could be correlated, but the strength 

of relationship may differ from one organisational level to another. Finally, no sub metrics were 

found to have a significant relationship across all organisational levels whether positively or 

negatively correlated. Nevertheless, this contradicts the findings of Smits et al. (2016) who 

conducted a Pearson correlation and returned results with more significant, and all positively 

correlated across the BIM maturity and KPI metrics.  This indicated that “the impact of BIM 

maturity on project performance may be limited” (Smits et al., 2016, p. 8), while Wong et al. 

(2016) conducted a Spearman Correlation but found that Time and Cost were significant and 

positively correlated across the 11 BIM capability metrics.  However, Wong et al. (2016, p.7) 

suggest “that project performance in the aspect of time and cost were improved when QSs 

adopted BIM capabilities in their practice”. 
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Finally, in terms of linear regression (Figure 9.6), the results illustrated a weak positive linear 

relationship between BIM maturity and cost at all organisational levels.  The regression equation 

returning the following data: 1) Strategic level = ŷ=0.49+0.68X, and the R² Linear=0.208; 2) 

implementation level = ŷ=1.53+0.28X, and the R² Linear = 0.285, and 3) operational level = 

ŷ=1.09+0.47X, and the R² Linear = 0.101. This shows that, in regard to cost, as the BIM maturity 

levels increased or decreased, the cost strength of relationship followed the same direction. A 

logistic regression analysis was conducted across time and cost and all 11 BIM capabilities (Wong 

et el., 2016) and the results showed that both time and cost were significant predictors across 

four BIM capabilities.  

Figure 9.5 Comparing KPI strength of relationship and BIM maturity levels across organisational levels 

(correlation) 

Figure 9.6 Comparing KPI strength of relationship with BIM maturity levels across organisational levels 

(regression) 
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9.6 The ‘Evidence and The Why’ stage: Discussion on the benefits to emerge and actions to 

take 
 

This section compares the primary data findings with the literature and link them to the BIM 

maturity and KPI assessment results that were conducted across the interviews and the 

questionnaires to demonstrate the evolution of ‘the ‘Evidence and The Why’ stage.  This 

demonstrates how BIM maturity and KPI metrics are linked between the conceptual framework 

(as a result of the critical review of key literature) and the initial framework through the decisions 

taken. A number of discussions related to: 1) The benefits and drivers of BIM to the client sector; 

2) The anticipated benefits that would emerge from the proposed BIM maturity-KPI assessment 

framework; 3) The barriers and challenges of BIM to the client sector, and 4) The actions that are 

relevant for linking BIM maturity and KPI metrics and for demonstrating how the performance 

levels could improve from one level to another.  

1. Clients and BIM Drivers and Benefits 
 

A number of benefits have emerged from the use of BIM with clients. A summary of the key BIM 

drivers from the client’s perspective are noted in the interviews (Section 7.3.5) and 

questionnaires (Section 8.4.1.2). Key benefits that emerged were based on an increase in 

knowledge of BIM, early engagement from the FM team, adoption, differing levels of success due 

to an understanding and willingness to embrace change, and the client’s requirements 

concerning the BIM delivery. This shows the potential benefits of BIM, as encapsulated for clients 

and how they can move forward with the adoption of BIM. Some of the presented benefits align 

with a number of studies, such as the NBS survey (2020, 2021), which shows that one of the 

benefits of BIM would clients insisting its usage (indicated by 66% of participants). Furthermore, 

Yan and Damian (2008) reported improved sustainability and creativity as BIM user benefits. 

Other benefits that emerged from the data collection findings were: Early collaboration, reduced 

time, improved quality through quality assurance, and clarity in communication. These correlate 

with a number of studies that identified challenges related to BIM skills amongst users (Azhar, 

2011; Barlish and Sullivan, 2012; Blay, Tulli, Mensah, 2019; BSI, 2010, Bryde et al., 2013; 

Farnsworth et al., 2015; Ghaffarianhoseini et al., 2017; Hardin and McCool, 2015; Marsh, 2017; 

McGraw Hill construction. 2013; Yan and Damian, 2008). Additional benefits that emerged from 

the primary data findings and correlate with other studies (Dakhil, 2017; Eastman et al., 2011; 

Mahamadu, 2017; Marsh, 2017; NBS. 2018).  These benefits include: More and faster decision 

making, higher quality delivery, and improved visualisation. After presenting some of the benefits 
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from the application of BIM amongst users, it is necessary to identify the potential 

barriers/challenges that exist when applying BIM.  

2. Benefits expected to emerge from combining BIM maturity and KPI metrics 
 

An assessment to link BIM maturity and KPI metrics aims to recognise and specify the benefits of 

this combination. This research delivered a list of benefits that were expected to emerge from 

the linkage (Section 8.4.3), which aligns with a previous study (Aboumoemen, 2016). The results 

from the primary data indicated agreement with the list of proposed benefits and the additional 

benefits expected to emerge (Sections 7.4.5 and 8.4.3). Further to the proposed benefits noted 

in this research, studies have shown that a relationship enabled through a framework would 

enhance the level of understanding amongst QS (Wong et al., 2016). Moreover, leveraging the 

overall quality of a project and its combination with BIM capabilities could minimise errors and 

omissions, enhance efficiency and precision, and upgrade design evaluation and communication 

(Khanzadi et al., 2019). Nevertheless, Smits et al. (2016) argues that with the limited impact of 

BIM on project performance, the large investments in BIM mean that use is instrumental in 

enabling the impact on project performance. Following a discussion on the assessment, it is then 

necessary to compare the results of the KPIs across all organisational levels, which will be 

discussed in the next section. This represents a contribution by delivering the first combined BIM-

KPI assessment that aligns with the BS EN ISO19650 standards at three organisational levels, and 

three maturity assessment levels, and with a standardised list of 10 KPI metrics.  

3. Clients and BIM Barriers and Challenges  
 

In terms of the barriers, Sections 7.3.5 and 8.4.1.2 revealed a number of challenges. Key 

challenges related to the client’s lack of understanding of the presented data, a lack of client 

demand, and a lack of collaboration (engagement).  These confirm the NBS report findings on the 

list of challenges, while other studies have stated similar reasons (Azhar, 2011; Azhar et al., 2015; 

Blay et al., 2019; BSI. 2010, Dakhil, 2017; Eadie et al., 2013; Eastman, et al., 2011; Gu and London, 

Gyarting, 2014; Khosrowshahi and Arayici, 2012; Mahamadu, 2107; McGraw Hill construction. 

2013; Navendren et al., 2014; NBS. 2019, 2020). The NBS survey (2020) confirmed the following 

barriers: 64% indicated no client demand, 48% noted a lack of training, and 28% stated the lack 

of collaboration. Moreover, 66% agreed that private clients do not understand the benefits of 

BIM, which also represents a barrier.  

Other examples of challenges that existed across the data collection findings were: The lack of 

BIM skills across team members; access to information (industry as siloed); deficiencies with 
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COBie and excessive time spent on it, and the absence of information. This aligns with a number 

of studies that stated similar challenges relating to BIM skills amongst users (Alwan et al., 2017; 

Anderson et al., 2012; Arayici et al., 2011; Azhar et al., 2015; Bataw et al., 2014; Blay et al., 2019; 

BSI, 2010, Eadie et al., 2013; Gledson et al., 2016; Hardin and McCool, 2015; Khosrowshahi and 

Arayici, 2012; Succar, 2009). 

Having identified the transition from Level 2 BIM to the BS EN ISO19650 standards, BIM adoption, 

and the various benefits and challenges, the next section will discuss the application of these 

elements to the BIM maturity assessment.  

4. Actions for linking BIM and KPIs 
 

A list of actions was drafted to scope the linkage between BIM maturity and KPI metrics (Section 

7.4.5). Some of the actions provided by interviewees included:  

1. Providing an action plan, and  

2. Measuring BIM maturity and creating KPIs (which means noting where the problems are, 

improving them, and re-measuring, which accords with Kiew et al., (2012) on the proposed 

process steps to monitor KPIs).  

3) Ascertaining the maturity amongst participants’ skills  

4) Establishing a management process throughout a project,  

5) Assuring programme certainty.  

Some actions from the questionnaire participants included: Training, setting benchmark 

standards, applying fact based analytics to allow fact-based findings, and conducting annual 

reviews with BIM/KPI result. Some of these actions align with studies that state the importance 

of BIM adoption to improve project performance (Wong et al., 2016) BIM has the potential to 

improve the construction quality management process (Khanzadi et al., 2019); nevertheless, 

Smits et al., (2016) argues that this represents a challenge amongst practitioners and researchers 

when determining the potential of BIM to improve project performance.  

Having presented the initial framework development and compared it with the conceptual 

framework to demonstrate the main differences (Chapter 3), which lead to the conceptual 

framework (Chapter 4), and the achievements across the data collection findings (Chapters 6-8) 

that lead to the initial framework development, the next section will present the validation 

process for the initial framework.  
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9.7 External Validation 
 

External validation relies on generalising research findings within the context in which the 

research is conducted (Fellows and Liu, 2015). The most widely adopted validation approach 

amongst construction management research is convergence analysis (Ankrah, 2007; Anvuur, 

2008; Bashir, 2013; Manu, 2012). Thus, convergence analysis was adopted as the main external 

validation approach for this research. It involves the use of different research methodologies to 

test for a level of agreement in the findings (Denzin, 2009). The use of research participant 

opinion is also regarded as an important validation approach in convergence analysis (Creswell, 

2009; Silverman, 2006). In this research, expert respondent feedback was gathered from focus 

group workshops. This was achieved the invitation to members by NWCH (who were established 

contacts) to participate in the workshops.  This helped to finalise the research findings and 

validate the framework. As a result, a total of five BIM practitioners from UK clients participated 

in the validation workshops, which was deemed sufficient, as they possessed the necessary 

expertise (Anvuur, 2008). The following steps were undertaken for the external validation: 

1) Present the initial framework development to the validation group members, elicit feedback 

on the framework, and establish if further adjustments and enhancements are required. 

2) Present the final BIM maturity and KPI assessment framework having revisited feedback on 

the initial framework development that delivered a number of steps to better enhance the 

framework and make it clearer to UK clients. 

The next section will outline the external validation focus group members and the process 

undertaken to validate and finalise the proposed assessment framework. 

9.8 NWCH Digital Construction working group: Focus group member selection criteria 

 

This section will discuss the selection criteria for the validation focus group members. Similar to 

the focus group workshops conducted earlier in this research, the validation stage for this 

research was conducted with a NWCH Digital construction working group that consisted of a 

homogenous group of five members, all sharing a common background in that they were all built 

environment professionals with expertise in the fields of architecture and construction. Their 

roles and coding in the text are: Procurement Framework (V1), Senior Digital Engineer (V2), BIM 

Consultant (V3), BIM Project Information Manager (V4), and Quantity Surveyor (V5). Table 9.7 

presents a detailed description of the participants, their relative backgrounds, and the selection 

criteria used to identify and invite their participation. A number of questions were posed to 

enable this description and identify their organisational level (strategic, implementation, and 
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operational). This ensured that participants possessed expertise relevant to the 3 organisational 

levels, which was necessary for the validation process and finalisation of the framework.  

 

Based on Table 9.7, all participants are involved with architecture and construction, while the 

level of BIM experience varied from two to seven years, which indicates a mix of experiences. 

The general knowledge on BIM varied from Low-Medium to high, which again shows that the 

range of current BIM knowledge varied from one participant to another. Two of the participants 

were local authority clients that were directly involved with BIM projects; V3 with +15 projects 

and V4 with 5 projects.  They were mainly involved with infrastructure, education or residential, 

which suggests that BIM is mostly applied within the infrastructure, education and residential 

sectors.  Moreover, participant expertise ensured they could offer relevant inputs to the 

validation process of the initial framework development. Each participant had personal views on 

their experience of BIM based on opportunities to add value, greater efficiency with project 

delivery, enhanced transparency, greater information delivery amongst disciplines and enhanced 

FM within projects, which could all be seen as benefits driven from the usage of BIM amongst 

various projects, and better support the validation. Finally, in terms of the organisational levels, 

all three organisational levels were covered by the participant group, with V1 expertise at the 

implementation level, V2 and V4 at the implementation and operational level, V5 at the strategic 

level, and V3 at all organisational levels. This ensured coverage of all organisational levels.  The 

validation workshops process is explained in the next section. 

Table 9.7 Background and Criteria for selecting participants for Focus group validation workshops 
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9.9 Research framework: Validation workshop process 

 

During the workshops, the primary data findings were presented along with the initial framework 

development. The process followed for the external validation included a respondent feedback 

survey, which included a feedback sheet with a set of close-ended questions covering a mix of 

percentages, open-ended discussion, and Likert scale responses. Discussions were also held with 

participants to collate subjective, qualitative data and to help understand their responses. The 

Likert-scale questions required participants to rate their agreement with the components of the 

initial framework, particularly in terms of the findings for the ‘What’, ‘How’, ‘Evidence’ and ‘Why’ 

stages and the overall picture of the framework. Therefore, a number of statements were 

available to be questioned on the clarity of the proposed framework.  Moreover, a validation of 

the quality management framework through quality factors was conducted to evaluate and 

improve its quality (Moody and Shanks, 2003). A combination of qualitative and quantitative 

methods was applied to empirically validate the framework, while six main quality factors used 

(Table 9.8).  

 

Table 9.8 presents the six quality factors used to validate the quality management framework in 

Moody and Shanks’ (2003) research. The process to finalise the framework was discussed for this 

study (Section 5.13) namely the external validity step to evaluate the initial framework 

development and present the final framework.  This involved triangulation, which incorporated 

different sources of information (literature, fieldwork, external validity). The same factors were 

used to validate the framework in the level of agreement questions, as follows: 

1) Correctness: Evaluated in terms of the framework structure.  

2) Completeness: Evaluated in terms of the complete framework, whether it covers the 

requirements for a BIM maturity and KPI metric relationship, and if it is sufficient.  

3) Simplicity: Evaluated in terms of the simplicity of the framework for presentation to clients. 

The set of questions were based on a five-level percentage to indicate the level of agreement 

(0-25%, 5-50%, 50-70%, 70-90%, 90-100%); these were also included in the to open discussion. 

Table 9.8 Level of Agreement research validation steps (Moody and Shanks, 2003) 
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The remaining factors were considered on a five-point Likert scale (strongly disagree to 

strongly agree) 

4) Flexibility: Framework to operate within multiple client sectors.  

5) Understandability: Level of understanding of the framework and demonstration of the 

necessary relationship between BIM maturity and KPI metrics  

6) Overall quality: Framework to meet the client sector’s requirement for a BIM maturity and 

KPI assessment framework, namely the main aim of this research.  

In addition to these factors, three questions related to:  

1) Overall feedback, which aimed to evaluate whether the framework met the expectations of 

expert focus group members, whether they thought that organisations would benefit from 

the framework, and if the performance levels within organisations would be reflected in the 

framework.  

2) Finally, an evaluation form was provided to participants to complete and to outline any further 

comments/recommendations.  

Table 9.9 presents a summary of the feedback survey form. 

 

Having presented the questions during the validation sessions, the next section presents the 

outcomes from the discussions on the initial framework development. 

Table 9.9 Level of agreement questions: Feedback survey form 
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9.9.1 Research framework: Focus group workshop discussions 
 

This section will outline the findings from the proposed initial framework development that 

enabled the delivery of the final BIM maturity-KPI assessment framework. A validation workshop 

was conducted to present the initial framework development to the group members, determine 

the extent to which participants agreed with the framework, amend the framework based on the 

feedback received, and finalise the framework. Table 9.10 presents a summary of the structure 

and process of discussion held across the workshop.  The next section discusses the workshop in 

more detail. 

 

The workshop has been structured to provide meaningful steps towards the presentation of the 

final BIM maturity-KPI assessment framework to UK clients. According to the structure of the 

workshop (Table 9.10), the data collected were discussed as follows:  

a) Validation Workshop: Presented findings from the initial framework development in terms 

of the complete structure (Figure 9.1).  Moreover, the findings were associated to each of 

the three stage elements, namely the What, How, and Evidence and Why (Sections 9.4-9.6) 

to explain the research objectives and present the achievements against each objective. In 

the level of agreement feedback form (Table 9.10), group members completed and provided 

feedback on the initial framework development and discussed additional amendments.  

Having presented the process of the validation workshop, the next section will present the 

findings from the focus group workshop. 

Table 9.10 Focus group workshops discussions 
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9.9.2 Analysis and findings on the initial framework development  

 

Previous data collection findings were presented, along with the initial framework development 

within this stage. Discussions were also held with participants in order to understand their 

responses to the level of agreement feedback form (Table 9.10).  They considered the six quality 

factors presented in the previous section and overall feedback and further comments on the 

initial framework development. The research findings were presented, which included a 

presentation of the following:  

1) The initial framework development (Figure 9.1)  

2) Findings related to the framework’s three stage elements (What, How, and Evidence and Why) 

as discussed in Sections 9.4-9.6. 

For each phase, the findings that emerged from each data collection stage were shown. The initial 

framework development stages were presented which included the following findings:  

1) The ‘What’ (Section 6.12): 

a) The What - Findings on the KPI metrics (Section 6.12).  

b) The What - Presenting the BIM maturity assessment across the three organisational levels 

(strategic, implementation, operational) which were considered in the focus group 

workshops (Section 6.8), and incorporated the new BS EN ISO19650 standards in 

accordance with the questionnaire findings (Table 9.1). 

2)  The ‘How’ (Section 7.5 and Section 8.4.4): 

a) The How - Maturity assessment results based on the data collection findings (Section 8.4.2).  

b) The How - Findings on the link between BIM maturity and KPI metrics as gathered from the 

interviews (Section 7.4.4) and the relationship with KPI metrics from the questionnaires 

(Section 8.4.2).  

c) Determining the strength of relationship between the BIM maturity and KPI metrics based 

on four different methods from the questionnaire findings.  These were presented in the 

following sequence (Section 8.4.2): 1) BIM maturity and KPI metric averages, 2) Spearman 

Correlation, and 3) Linear Regression. 

A sample of the relationship assessment across the three organisational levels is presented in 

Figure 9.2, and the complete version of all organisational levels is available in Appendix G. 

3) “The Evidence and The Why” (Section 8.4.4): 

a) Benefits from the combined BIM maturity and KPI metrics (Section 8.4.3).  

b) Proposition of an action plan to upskill from one maturity level to another (Section 7.4.5).  
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The feedback sheet was given to participants to complete to gather their opinions on the findings 

and framework. Table 9.11 presents the findings from the workshop and survey form. 

 

Table 9.11 shows various levels of agreement to the questions asked, and most offered 

comments to further support the initial framework development (except V1 who did not have 

any further comments to add to the framework since the inputs given on the feedback were felt 

to be sufficient). In terms of the six quality factors and how they could improve the quality of the 

framework, the findings demonstrated: 

1) Correctness: In terms of the initial framework development structure across each of the 

framework’s three stage elements: the What, How, and Evidence and Why (Figure 9.1), V4 

indicated that only 0-25% would experience difficulties in understanding the presented 

framework. While V3 and V5 indicated the framework was 70-90% correct.  Moreover, V2 

suggested that the framework covered more than the necessary information to evaluate BIM 

maturity and recommendations to reduce the findings related to the ‘How’ stage stipulating 

only the BIM maturity and KPI metric averages, and the Spearman correlation; this last finding 

was agreed amongst all focus group members.  

Table 9.11 Level of agreement findings on initial framework development 
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This indicates that the overall results were positive in terms of the framework being correct 

(rated at 70-100%), whereas some minor adjustments were required on the framework’s 

three stage elements in order to comply with the group members’ feedback. As a result, in 

order to meet the correctness factor, it is necessary to revisit the findings for each of the 

framework’s elements, to determine which are relevant and to amend each element based 

on the comments received from the group members. The development of each element is 

presented in Figures 9.7-9.10 to show the amendments that occurred from the initial 

framework to the final framework.  

a) The ‘What’ stage (Figure 9.7):  

 

 

 

 

 

 

 

 

 

 
The ‘What’ stage identifies the required BIM maturity and KPI metrics for the framework and 

assessments (Section 3.4). Since the final framework evolved from the initial framework (Figure 

9.1) due to feedback from group members (Table 9.11), it was necessary to provide an 

explanation as to the development process and identify the main differences between this stage, 

the initial framework development and the final framework. The ‘What’ stage of the initial 

framework development (Figure 9.7, left side) presented the BIM maturity and KPI metrics that 

were based on the data collection findings (Figure 9.2).  As a result of the level of agreement in 

the findings that indicated 70-100% correctness no changes were required.  Thus, the ‘What’ 

development stage of the proposed final framework (Figure 9.7 on the right side) remained the 

same as the initial framework development.  

 

 

Figure 9.7 The ‘What’ stage evolvement from the initial framework development (left) to the final 

framework (right) 
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b) The ‘How’ stage (Figure 9.8): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ‘How’ Stage identifies the potential linkages between BIM maturity and KPI metrics for the 

framework and for the assessments proposed for this research. Since the final framework 

evolved from the initial framework development (Figure 9.1) as a result of the level of agreement 

in the feedback from group members (Table 9.11), it was necessary to provide an explanation of 

the development process and identify the main differences with the ‘How’ stage. The ‘How’ stage 

of the initial framework development (Figure 9.8) presented the results by linking BIM maturity 

Figure 9.8 The ‘What’ stage evolvement from the initial framework development (above) to the final 

framework (below) 
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and KPI metrics based on the data collection findings (Figures 9.9-9.10 and Section 8.4.2). 

Nevertheless, the level of agreement indicated 0-25% correctness and difficulties in 

understanding the initial framework development (according to V4), specifically with the ‘How’ 

stage since a number of findings contained the following: 1) BIM maturity and KPI metric 

averages, 2) Spearman Correlation and 3) Linear Regression. In addition, V2 proposed to 

“Reduce the presentation of the findings in this stage to only the BIM maturity and KPI metric 

averages and the Spearman correlation since those would be better understood within the client 

sector and it demonstrates how are BIM maturity and KPI metrics being linked without the need 

to include the results of the linear regression to avoid further confusion with the BIM maturity 

and KPI linkages”. This indicated that it was necessary to revisit the ‘How’ stage of the initial 

framework development and remove the results of the linear regression since these results 

seemed to create confusion amongst group members. Instead, the results of the BIM maturity 

and KPI metric averages and the spearman correlation were better understood amongst group 

members. Therefore, the level of agreement in the findings indicated 0-25% correctness and 

difficulties in understanding the initial framework development at this stage.  As such, the ‘How’ 

development stage of the final framework (Figure 9.8) remained the same as the initial 

framework in terms of the results for 1) BIM maturity and KPI metric averages and 2) Spearman 

Correlation. However, the results associated with the 3) Linear Regression were removed, which 

was the main change across this stage and aimed to enable better understanding of the 

relationship between BIM maturity and KPI metrics. Figures 9.9-9.10 presents the results of the 

BIM maturity and KPI metric relationship averages and the Spearman correlations across all the 

organisational levels (strategic, implementation, operational).  
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Figure 9.9 Research findings related to the ‘How’ framework stage (Relationship and Correlation) 
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Figure 9.10 Research findings related to the ‘How’ framework stage (Relationship and Correlation) continued 
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 Figure 9.11 Research findings related to the ‘Evidence’ and the ‘Why’ stage (Benefits and Action plan) 
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c) The ‘Evidence’ and the ‘Why’ (Figure 9.11): 

The ‘Evidence’ and the ‘Why’ stage was presented to identify the BIM maturity and KPI metrics 

relevant for the framework and for the assessments proposed in this research. Since the final 

framework evolved from the initial framework development (Figure 9.1) as a result of the level 

of agreement on feedback results from the group members (Table 9.11), it was necessary to 

provide an explanation of the development process and identify the main differences 

between the ‘Evidence’ and the ‘Why’ stage, the initial framework development and the final 

framework. As a result, the level of agreement in the findings indicated 70-100% correctness.  

From this, the ‘Evidence’ and the ‘Why’ development stage of the final framework (Figure 

9.11) remained the same as the initial framework development and no further changes were 

made. 

2) Completeness: The initial framework development covered the essential relationship 

between BIM maturity and KPI metrics (Figure 9.2); V1 and V4 indicated 50-70% completion, 

V5= 70-90% and V3= 90-100%.  Moreover, V2 indicated that it was only 25-50% complete and 

stated that “It is unnecessary to have Part three the ‘Evidence’ and the ‘Why’ since it is only 

relevant to demonstrate how BIM maturity and KPI metrics would be linked together, without 

the need to demonstrate what are the expected benefits to emerge from this linkage or to 

demonstrate what are the relevant actions to take to move from one maturity level to another”. 

Thus, V2 proposed to keep all stages of the framework except the ‘Evidence’ and the ‘Why’ 

stage since they believe it is unnecessary to demonstrate the benefits and actions to take.  

However, a number of discussions were held with group members to understand how 

framework could be complete by covering the required relationships between BIM maturity 

and KPI metrics. The discussions revealed the importance of the benefits and actions 

associated with BIM maturity and KPI metrics linkages, since it is vital for UK clients to 

understand how this linkage would help to enhance the performance of construction projects 

within the sector, and how the number of actions required would help to improve the maturity 

levels and ensure improvements in that the overall performance of the sector. Also, the 

discussions indicated that it would be vital to determine how the relationship assessment 

would reflect on organisations, in terms of the current scores given, and if there were 

improvements across the organisations as a result of combining BIM maturity and KPI metrics 

in the future. As a result, it was agreed to keep all of framework findings as they were, as 

presented in Figures 9.9-9.11. 
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In addition, V2 stated that it would not be necessary to break down the framework to three 

stages, which was further agreed by the group members. Instead, they recommended 

including the results of the BIM maturity and KPI metrics along with the benefits and action 

plans. V5 stated that, for this to happen, the framework could be presented as a dashboard 

summary displaying these results (Figures 9.9-9.11). As a result, the findings of the framework 

(Figures 9.9-9.11) were be presented in the final framework and the naming convention of the 

What, How, and Evidence and Why stages were all removed.  

This shows that the overall results were mid-way between positive and negative, as some 

minor adjustments were required to the framework according to focus group member 

feedback. Hence, in order to meet the completeness factor, it was necessary to revisit the 

breakdown of the framework into three stage elements, to amend the elements and only 

present the results without mentioning the three stage elements. This required the collation 

of the findings (Figures 9.9-9.11) to demonstrate how the end result of the framework would 

work. As a result, the final BIM maturity- KPI assessment framework as a dashboard summary 

is presented in Figure 9.12.  

3) Simplicity: All participants agreed that it was difficult to understand the framework and 

therefore it was not simple enough for the client sector. As a result, V1, V3 and V5 selected 

50-70% and V2 and V4 selected 70-90%. Moreover, V2 stated that “I do not think organisations 

should rate the relationship themes (+ and -) at all, since the organisations are more interested 

to see if there is a relationship that exist between the BIM maturity and KPI metrics and the 

strength of this relationship, but not necessary the direction of the relationship”, and V4 

sharing similar views with V2. V3 added that “The results of the linear regression analysis are 

still relevant to your research to determine if the KPIs would depend on the BIM maturity levels, 

but the organisations are more interested to see what the current BIM maturity levels are and 

how are the KPIs being linked to it”, and V5 sharing similar views with V3. The results indicated 

that the regression analysis of the research findings (Section 8.4.2) was still relevant for 

presentation and exploration in this research, but that it is not required in the final framework, 

as explained in the correctness factor.  Thus, the results for the linear regression were 

excluded from the final framework.  
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Figure 9.12 Final BIM Maturity-KPI Assessment Framework (Dashboard Summary) 
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This shows that the overall results for simplicity were halfway between positive and negative.  

Thus, it was necessary to simplify the framework as much as possible and remove any 

additional, unnecessary information to comply with the group members’ feedback. A set of 

discussions were held to agree on the findings to present to the client sector and ensure a 

clear and better understanding of the BIM maturity and KPI linkages. The group members 

agreed to the following findings: 1) Combining the BIM assessment overall averages from the 

data collection findings; 2) To include the averages and the spearman correlation results for 

the BIM maturity and KPIs relationship assessment, and 3) To include the benefits from the 

combined BIM maturity and KPI metrics, and the actions required for future improvements, 

which were explained in the correctness factor (Figures 9.9-9.11).  

4) Flexibility: All participants either agreed or strongly agreed that the framework should work 

and fit within other UK client sectors and not just the client sector selected in this research, as 

V2, V3, and V5 selected agree while V1 and V4 selected strongly agree.  This indicates that the 

overall results for flexibility were positive since the participants agreed or strongly agreed that 

the framework should fit within any UK client sector. Thus, the changes made to both 

frameworks (Initial and final) were sufficient and the final framework could be used across a 

range of UK client sectors. 

5) Understandability: All participants stated that it was difficult to understand the framework 

and that the relationship between BIM maturity and KPI metrics was not clear.  Thus, it would 

require some changes to enable greater clarity, as V2 and V3 selected disagree, V4 selected 

neutral, and V1 and V5 selected agree. This shows that, similar to completeness, the overall 

results for understandability lay between positive and negative, whereas the majority of 

comments tended towards disagree.  Thus, this was the only factor that had serious negative 

feedback to address. As a result, a series of adjustments were made to the initial framework 

to deliver the best fit and representation for the linkages in the final framework. This final 

development demonstrates the BIM maturity and KPI metrics, how they are they linked, the 

benefits that could emerge from linking them, and relevant actions to improve the maturity 

levels and their relationship with KPI metrics in order to enable movement from one level to 

another. As a result, this has been addressed within the final framework (Figure 9.12) 

alongside the findings associated with the understandability factor (Figures 9.9-9.11). 

6) The Overall Quality: Only V4 disagreed that the framework would meet the client sector’s 

vision and noted that the framework would need to be revised; the remaining participants 

either agreed or strongly agreed. This shows that the results for the overall quality was 
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positive, and, having discussed the relevant changes required to the framework in the 

previous five factors, the final framework (Figure 9.12) would meet the overall quality factor 

in terms of the client vision for combining BIM maturity and KPI metrics. 

These findings were conducted to evaluate the six quality factors on the initial framework 

development in order to improve the overall quality of the framework, and to address the 

relevant actions to revisit and amend the initial framework development in order to produce the 

final framework (Figure 9.12). Having completed the analysis of the initial framework 

development, the next list of questions relates to: 

1) The overall feedback: Three questions were asked based on the overall feedback on the 

framework. 

a) In terms of whether the initial framework meets the focus group members’ expectations 

for combined BIM maturity and KPI metrics.  Again, V4 selected disagree and explained that, 

after revising the framework, it might be clearer to them; the remaining participants either 

agreed or strongly agreed.  

b) In terms of client organisations benefiting from the framework, all group members either 

agreed or strongly agreed to benefiting, while V3’s response was halfway between both 

agreement levels.  

c) In terms of enhancing the performance levels within the client organisation, three 

participants selected agree while two selected strongly agree. 

This shows that the overall feedback received was positive as client organisations were felt to 

benefit from the initial framework and performance levels enhanced across organisations. To 

meet the focus group member expectations, amendments to the initial framework 

development were necessary, as explained across the six quality factors, which improved the 

overall quality of the framework. The overall feedback was achieved through the delivery of 

the final framework, having gathered feedback from the focus group members.  

2) The overall comments: Whilst VI did not have any additional comments, other group 

members offered the following views:  

a) V2= Sub metrics represent BIM KPIs, and thus it should be made clear that the KPIs presented 

separately are organisational. 

b) V3= Make the framework and presentation ‘human digestible’. 

c) V4= Start with the strongest points.  
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d) V5= The framework should provide guidance on how to improve maturity (i.e. based on 

current maturity, the steps to be taken to achieve the next level, and provide a dashboard 

summary for each organisational level).  

This shows that both positive and negative comments were received, which demonstrates how 

BIM maturity and KPI metrics could be linked, the benefits that could be extracted, and the 

actions that could be taken to upskill the users from one maturity level to another.  Moreover, 

comments were also offered on the impact on the KPI metrics (positive) and the framework was 

adjusted for presentation to the UK client sector (negative). Following consideration of the focus 

group members’ comments, a final group workshop was arranged to present the final framework 

to group members.  This enabled the researcher to explain the mechanism by which it worked, 

and to collect any additional feedback on the final framework. This will be explained further in 

the next section. 

9.9.3 Final development of the framework 
 

This section will outline the findings on the final BIM maturity-KPI assessment framework and 

the mechanism by which the framework operated having revisited the feedback and comments 

from the validation workshop and made amendments. The next section will demonstrate the 

overall results of the final framework and how it will operate. 

The final framework (Figure 9.12) and the mechanism by which it would operate (Figure 9.13) 

was presented as a result of the changes requested by the focus group members and to further 

explain how the final framework would operate. 
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 Figure 9.13 Final framework (Dashboard summary steps explained) 
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As presented in Figure 9.12, the final framework was presented as a dashboard summary for each 

organisational level and showed the: BIM maturity and KPI metrics relationship, the correlation 

between both, the benefits expected from combing them, and the actions necessary to upskill 

from one level to another. The process and mechanism on how the framework shall operate 

(Figure 9.13) was explained to focus group members to give a better understanding of how the 

framework would operate amongst UK clients. The mechanism by which the framework would 

operate is explained as follows (Steps 1-4: Figures 9.9-9.10 and Step 5: Figure 9.11): 

Step 1: Present the overall results of the BIM maturity assessment by clicking on the 

organisational level boxes to demonstrate the final maturity level of each organisational level.  

Step 2: Demonstrate the individual results of the BIM metrics, by starting with the top metrics 

of each organisational level, then after selecting the relevant top metric, select the desired sub 

metric that falls under the top metric.  Then select the overall maturity level for that sub metric 

to appear along with its descriptor [i.e. Strategic-Collaboration: Collaboration process= 2.45 

(descriptor)]. To make the process faster, the sub metrics can be shown after selecting the 

organisational level without needing to show the top metrics.  From this, the previous step can 

be repeated to show the maturity level and descriptor [i.e. Strategic-Collaboration process= 

2.45 (descriptor)].  

Step 3: Based on the BIM maturity selection, this step will then present the KPI strength of 

relationships with the selected BIM metric and can be presented by either selecting each KPI 

individually to determine the overall strength of relationship score based on the selected BIM 

metric [i.e. Collaboration process and Cost= 2.18 (Moderate)], or by clicking on the strength of 

relationship coloured boxes to show the overall KPIs and the selected relationship [i.e. 

collaboration process and weak= sustainability (1.27)].  

Step 4: Click on the organisational level boxes to demonstrate the BIM maturity level and KPI 

metric strength of relationship total [Strategic level: BIM maturity level total= Occasional 

application and KPI strength of relationship total= Moderate)], Select each organisational level, 

select the BIM Sub metric, and again either select each KPI individually to see the correlation 

based on the selected BIM metric [i.e. Collaboration process (Consistency) and Time (Moderate 

positive)= Medium evidence that, as collaboration process increase, then time increases], or 

click on the strength of relationship coloured boxes to show the overall BIM - KPI relationship, 

where it would show the correlations between the metrics [i.e. collaboration process 

(consistency) and (Significant positive) box= Satisfaction= Strong evidence that, as Collaboration 

process increase, then Satisfaction increases].  
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Step 5: Finally, after all the previous steps are complete, the final step shows the benefits from 

the assessment, by clicking again on the anticipated benefits to show the additional benefits 

that will occur.  After this, future improvements can be selected by clicking on the action plan 

box to present the actions required.  

Presenting the framework and the mechanism by how it operates in this manner will help 

organisations to see the current status for BIM maturity and KPI metrics, and decide on what 

they would need to reflect on concerning those that fall under awareness-no/weak and 

occasional application-medium relationship levels, the benefits that could be achieved from this 

and the decision to implement and maintain those that fall under the consistency-strong 

relationship levels. Testing the dashboard as an online tool is proposed as a recommendation for 

future studies to see how the final framework would operate (Figure 9.13). This concluded the 

external validation stage of this research. The next section will provide a summary of the chapter. 
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9.10 Summary 

 

This chapter presented the findings of the final framework development and its validation 

through the research findings. The evolution from the conceptual framework (Section 4.5) and 

the initial framework development (Figure 9.1) was outlined to deliver the necessary progress 

and to offer distinction between the conceptual framework and the initial framework 

development in preparation to validate the final framework (Figure 9.12). The initial framework 

that emerged from the data collection findings was completely changed, and this emphasised 

the importance of an external validation stage to present the findings and collect ideas from 

experts on how to formulate and finalise the proposed framework. An explanation of how the 

final framework would operate (Figure 9.13) was presented to provide a clear indication of how 

it would be adopted and to presented to the UK client sector.  This also added to the current list 

of BIM maturity and KPI metrics identified in Chapter 3; with the introduction of the new BS EN 

ISO19650 standards (Table 9.1), a new developed assessment framework was proposed to fill the 

gap by linking BIM maturity and KPI metrics.  

A comparison of the results across all organisational levels was presented alongside the literature 

and degree to which the findings were related.  This demonstrated how the findings would link 

to the research aim, objectives, and research problem. The next chapter will present a set of 

conclusions to this research, and provide a number of limitations and recommendations from 

this study. Furthermore, it will identify future research steps to extend these findings in the 

future.  
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10.1 Introduction 
 

Having presented the final framework, this chapter provides a list of the overall 

recommendations, limitations, and conclusions from the research. The achievement of each 

objective is outlined alongside a set of contributions.  The chapter also highlights a number of 

limitations and offers several recommendations concerning the adoption such a framework by 

industry.  Indeed, there consensus amongst the scientific community that limitations exist within 

any research (Saunders et al., 2019). Finally, the conclusions are given at the end of the chapter, 

which represent a point of closure for this research.  

10.2 Summary of the research findings  
 

The research provided a comprehensive conceptual framework based on a critical review of the 

literature concerning BIM maturity assessments, KPI metrics, and both combined. The framework 

is the result of existing problems that were identified and critically reviewed in the associated 

literature.  This review addressed the following issues: the lack of client demand; an in depth 

understanding of BIM and how it is implemented across the UK client sector, and the absence of 

rigorous understanding of BIM maturity and KPI metrics.  This has resulted in the proposition of 

a number of BIM maturity metrics that have not been fully defined, are unreliable and do not 

follow a BIM maturity scoring criterion (i.e. maturity levels). Furthermore, KPI metrics are treated 

either as BIM metrics or as a set of questions that aim to meet BIM objectives, which lacks the 

consensus concerning the existing KPIs (i.e. cost, time, quality).  Moreover, there is a lack of 

understanding of how the KPI metrics could be measured or used across organisations, and an 

absence of standardised BIM maturity and KPI metrics.  The field lacked an assessment that could 

be used to assess the overall performance of construction projects across the UK. In offering a 

response to the above issues, this framework could be adopted and used as a guide for future 

research that might investigate how a standardised list of BIM maturity and KPI metrics could be 

compiled through an assessment to measure the overall performance of the UK construction and 

public sector local authority clients specifically. 

The literature in Chapters 2 and 3 critically reviewed current problems associated with UK clients 

by considering problems such as the lack of client demand, the absence of understanding of BIM 

and how it is being implemented across the UK, the absence of a clear definition for Level 2 BIM, 

and how the new BS EN ISO19650 standards supersede Level 2 BIM. An in-depth exploration and 

critical review of existing BIM maturity metrics and their assessments, KPI metrics and their 

assessments, and a limited number of combined BIM maturity and KPI metric assessments were 

conducted.  This helped to compile a standardised list of BIM maturity and KPI metrics including 
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how they could be assessed and measured (i.e. five maturity levels, which was then reduced to 

three levels for BIM, and percentage scoring criteria for KPIs).  This enabled the development of 

a conceptual framework with a standardised list of BIM maturity and KPI metrics, which 

considered how they are being assessed together and the benefits of combining them (discussed 

in Chapter 4). Taken from the literature review findings, the framework consisted of a number of 

BIM maturity metrics, which follow the transition from Level 2 BIM to the new BS EN ISO19650 

standards.  These are assessed across a three-level BIM maturity assessment (awareness, 

occasional application, consistency) for three organisational levels (strategic, implementation, 

operational). Along with this, a standardised list of nine KPI metrics was proposed (cost, time, 

quality, satisfaction, health and safety, performance, profitability, productivity, sustainability).  

The links between each of the KPI metrics and the BIM maturity metrics were demonstrated to 

enable an understanding of the similarities and how are assessed together. In addition, the 

benefits expected from linking BIM maturity and KPI metrics were proposed from the literature 

review findings from those that emerged from existing assessments of BIM maturity, KPI, and 

both combined.  

The research conducted workshops within a case study to develop a BIM maturity assessment 

across each organisation level.  This considered a number of BIM maturity top and sub metrics, 

the description of each metric’s mean, and the description of each metric across the three BIM 

maturity levels [i.e. implementation level= sharing (top metric): information exchange (sub 

metric): information exchanged achieved and validated (metric descriptor), and awareness 

(maturity level): no defined information exchange (maturity level descriptor)].  

This was followed interviews to: investigate the levels of BIM maturity and KPI metric adoption 

across the UK client sector; complete the BIM maturity assessment; establish potential 

relationships with KPI metrics, and propose any further KPI metrics for consideration. The result 

of linking BIM maturity and KPI metrics resulted in an additional KPI metric (collaborative culture) 

as the importance of addressing the cultural and human behaviour was emphasised by 

participants as a KPI metric. These areas were further examined through a questionnaire survey 

that statistically examined the relationships between BIM maturity and KPI metrics. The 

relationship was assessed through a four-level relationship (No relationship, Weak, Medium, 

Strong) and the findings indicate a relationship between the BIM maturity and KPI metrics.  

Moreover, they demonstrate that BIM maturity levels impact on KPI metrics so that, as BIM 

maturity levels increase, the KPI strength of relationships increases, and vice versa.  
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Having completed the data collected phases, the proposed framework was further developed 

through an internal validation stage that discussed the data collection findings and compared 

them with the literature review findings, which supported the evolvement of the conceptual to 

the initial framework. In addition, the initial framework was taken to an external validation stage 

that involved focus group validation workshops that finalised the framework and ensured it met 

the overall UK public sector local authority client vision. Hence, the research proposed a final BIM 

Maturity-KPI assessment framework for the UK client sector.  Finally, the research provided UK 

clients with an overview of existing BIM Maturity and KPI metrics, and how they can be linked. 

Having presented the overall research findings, the next section will outline the achievement of 

the research aim and objectives.  

10.3 Achievement of the Research Aim and Objectives 
 

The main aim of this research was “to develop a BIM Maturity-KPI assessment framework for the 

UK public sector local authority client to assess BIM adoption in line with the UK construction 

strategy.” The research objectives (outlined in Section 1.5) explained how the aim of this research 

would be achieved, and the objectives were as follows: 

1. To determine the Building Information Modelling (BIM) approach, its relevance to the client 

sector, and its level of adoption across the construction industry, both globally and within 

the UK specifically. 

2. To establish key principles of BIM maturity and evaluate existing BIM assessment 

frameworks, models, and tools to understand the principles of existing industry key 

performance metrics and indicators. 

3. To evaluate existing combined BIM-KPI assessment methods, models and tools, and 

establish the main drivers, barriers and challenges of BIM maturity and KPIs for the UK 

construction strategy. 

4. To develop a BIM maturity-KPI assessment framework for UK public sector local authority 

construction industry clients. 

5. To examine the relationships between the proposed BIM maturity and the KPIs. 

6. To evaluate and propose a final BIM maturity-KPI assessment framework for UK public 

sector local authority construction industry clients.  

Six objectives were identified to achieve the aim, and the process for how this was achieved is 

presented (Section 5.3 and 9.3). Moreover, Figure 10.1 provides the research phases, the findings 

related to each phase and each objective, and the alignment of the objectives to the research 

questions. The next section will discuss how each of the objectives were achieved in more detail. 
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Figure 10.1 Completed research phases 
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10.3.1 Review and Synthesis on the Research Aims and Objectives 

 

This section identifies the deliverables and outcomes of each objective, which encapsulates the 

overall findings of the research. Table 10.1 summarises the relationships between the objectives, 

chosen methods, and chapters. A discussion on how the objectives were achieved will be 

presented in more detail. 

Table 10.1 Research Aim and Objectives: Alignment with methods and chapters for each objective 
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Objective 1: “To determine the Building Information Modelling (BIM) approach, its relevance to the 

client sector, and its level of adoption across the construction industry, both globally and within the UK 

specifically”. 

 

Objective 1 was achieved in Chapters 1 and 2 by outlining the current research aim and objectives 

and providing a brief background on the current state of the UK construction industry.  Emphasis 

was placed on existing problems within the UK and the main reasons for conducting and tackling 

such problems were given. This was achieved by conducting a critical review of the key literature, 

and by examining the situation for the UK and its current position in terms of BIM. The UK 

construction industry was studied to extract the key problems that currently exist, and the 

targets that could be implemented to tackle such problems. A brief outline of the different types 

of clients was given to understand the needs of the target for this research. A quick review of the 

history and definitions of BIM were provided to deliver a better understanding of what it is, and 

a set of benefits/opportunities were identified. Moreover, the challenges/obstacles were 

presented to tackle and/or avoid them in the future. The approach to BIM within the UK was 

illustrated to understand the current levels of adoption and emphasis was placed on Level 2 BIM 

including the transition to the new BS EN ISO19650 standards (HM government. 2020c, UK BIM 

framework. 2019a). This signified the different governmental approaches to BIM in recent years.  

Reflections on the UK’s current BIM uptake amongst clients were given to identify the impact on 

clients and their understanding with BIM.  Furthermore, a comparison between the UK’s level of 

BIM adoption with that across the EU and globe was illustrated to understand the UK’s position. 

Following the data collection process discussed in Chapter 5, key areas were explored in relation 

to the levels of BIM adoption across the UK, Level 2 BIM and the new BS EN ISO19650 standards.  

These were further investigated, and cross analysis were conducted on data collected on these 

areas. The data collection techniques used, and the associated literature were presented in 

Chapter 2.  

It has been suggested and signified that Level 2 BIM would act as a maturity process whereas the 

new BS EN ISO19650 standards would act as an information management process, which 

includes the transition of the levels of maturity from Levels 0-3 to stages 1-3.  However, there is 

no major difference between Level 2 BIM and the new BS EN ISO19650 standards, which was 

justified by the presentation of a transition of terms. Furthermore, this research remains relevant 

to the rapidly changing and varied approaches to BIM in the UK. The results revealed that UK 

clients were compliant to Level 2 BIM and could transition of the new BS EN ISO19650 standards.  
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Objective 2: “To establish key principles of BIM maturity and evaluate existing BIM assessment 

frameworks, models, and tools and to understand the principles of existing industry key performance 

metrics and indicators.” 

This objective was achieved in Chapter 3 by conducting an extensive systematic literature review 

on existing BIM maturity assessments in the UK and across the globe.  This enabled emphasis on 

the main categories, including the strengths and weaknesses amongst the assessments, which 

enabled linkages to the proposed assessment in this research. The differences between 

Capability, Maturity, and Competences were outlined to justify the reasons for selecting BIM 

maturity as the main approach for the assessment.  This also outlined how maturity first emerged 

(Chrissis et al., 2003; Crosby, 1979; Paulk et al., 1994; SEI. 1993), and explained its linkages with 

BIM (Succar, 2010a).  Moreover, the chapter explained how this impacted the UK government 

mandate (Bew and Richards; 2008; BIM level 2. 2016; Gleeson and Penney, 2016; Humphrey, 

1988; Kumar, 2015; Survey4BIM. 2015). Section 3.4 presented 92 existing BIM maturity 

assessments and classified them into eight categories, which represents a contribution to 

knowledge by this research.  

Some facts and figures that summarises the assessments that existed were outlined, whilst the 

expected BIM maturity outcomes were illustrated to visualise how BIM maturity previously 

existed, and how this shaped the development of BIM maturity requirements. The main 

approaches were outlined and justified, whilst the main strengths and weaknesses were 

captured to extract the key areas amongst the assessment, and to note and address any defects 

and challenges in this research.  

The same process was repeated with the Key Performance Indicators, which only included a 

selection of the most popular KPI assessments; thus, nine main KPIs were selected and explained, 

namely cost, time, quality, satisfaction, health and safety, performance, profitability, 

productivity, sustainability (Section 3.7).  Since a significant variety of KPIs were identified and 

critically reviewed in the literature, it was vital to justify why the selection of these nine as a 

standardised set for this research. It was also important to outline differences between the 

Critical Success Factors, Key Result indicators, Performance Measurements, and KPIs and to 

justify the main reasons for selecting KPIs for this research. A conceptual framework was 

proposed in Chapter 4, whilst the development of the BIM maturity assessment was described 

in Chapter 6 (conducted through focus group workshops), and a set of KPIs was offered in Chapter 

7 (developed through the semi structured interviews).  

A detailed discussion of the findings and links to the literature are presented in Sections 9.4-9.6 

for BIM maturity and the KPI metrics. 
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Objective 3: “To evaluate existing combined BIM-KPI assessment methods, models and tools, and 

establish the main drivers, barriers and challenges of BIM maturities and KPIs of the UK construction 

strategy.” 

 

This objective was also accomplished in Chapter 3 through the systematic literature review on 

existing combined BIM maturity and KPI metrics assessments - both in the UK and across the 

globe – for which a limited number of publications were found to outline such linkages. Section 

3.10 lists 33 such assessments, in which 17 of these assessments proposed to link BIM capabilities 

and at least three primary KPIs (cost, time, and quality). The remaining assessments (16) 

addressed KPIs as CSF, BIM elements, or other approaches but did not address KPI metrics within 

them. These were presented and classified within six categories, and thus represents a 

contribution to knowledge. The same assessment analysis process was conducted for the BIM 

maturity and the KPI assessments.  After presenting the findings, a set of similarities and 

differences between BIM maturity and KPI metrics were presented that considered the 

conceptual framework development (Section 3.10).  

At this point, the absence of a rigorous relationship between BIM maturity and a list of KPI 

metrics for the UK client sector were emphasised. This was subsequently addressed in the 

proposed conceptual framework and addressed in Chapter 4. The issue was examined more 

closely in the data collection phase in Chapters 7-8, and discussed in more detail within the 

validation stage in Chapter 9 (Section 9.4). Based on previous research that reviewed the 

combined BIM-KPI frameworks (Aboumoemen, 2016; Badrinath et al., 2019; Mom & Hsieh, 2012; 

Shin et al., 2015; Wong et al., 2016) this research developed an initial framework development 

that evolved from the proposed conceptual framework towards presenting a final framework to 

explain how a combined BIM maturity and KPI metrics assessment would reflect on UK clients; 

this adds to the body of literature and is discussed in Chapter 9.  
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Objective 4: “To develop a BIM maturity-KPI assessment framework for the UK public sector local 

authority client construction industry.” 

 

Following the critical review of the key literature on existing assessments and frameworks for 

BIM, KPIs, and combined BIM-KPIs, and having outlined the main outcomes, this objective 

outlined the framework development and the expected requirements of the framework for this 

research, also outlining the distinction between this and previous frameworks (Aboumoemen, 

2016; Badrinath et al., 2019; Mom & Hsieh, 2012; Shin et al., 2015; Wong et al., 2016). The 

findings from Chapters 2 and 3 were considered in the development of the proposed conceptual 

framework. This was further clarified in Chapter 5, in terms of the methods adopted to develop 

the framework and collect the necessary data from the UK sample.  

A summary of the selected methods is discussed in Section 5.3, including the process used to 

collect and analyse the data, and approaching the required sample for the research, and how 

participants would be selected were discussed in more detail in Sections 5.4-5.8. An initial 

framework development evolved from the conceptual framework (Chapter 4) through the 

outcomes of the specified data collection phases (focus group workshops, semi-structured 

interviews, and questionnaire surveys) in Chapters 6-8. A detailed discussion of the framework 

was presented in Sections 9.4-9.6.  

The presentation and comparison between the previous combined BIM maturity and KPI metrics 

frameworks (Section 4.4), the conceptual framework for this research (Section 4.5), and the initial 

framework development (Section 9.3) that evolved from the conceptual framework was 

proposed following the data collection phases (Sections 6.12, 7.5, 8.4.4). The conceptual 

framework was broken down into three stage elements: “The What”, “The How” and “The 

Evidence and the Why”. Each stage was discussed in more detail in Sections 4.5.1-4.5.3 and was 

revisited in Chapters 6-8 following the collection of data from the UK sample. The conceptual 

framework was iteratively developed, and a set of refinements and adjustments to the 

framework was conducted. This development phase ensured the framework was populated with 

the necessary combined BIM maturity and KPI metrics relationships. The inner components were 

examined and are discussed in the next section.  
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Objective 5: “To examine the relationships between the proposed BIM maturity and the KPIs.” 

 

This objective represented a critical point in meeting the research aim set for this research, as it 

presented the findings concerning the relationships between BIM maturity and KPI metrics to 

participants involved in the research, as discussed in Section 3.10, and presented in Figure 4.9. 

This process started with presenting the findings to experts, as explained in Section 4.6; greater 

emphasis was placed on the redevelopment and repopulation of the BIM maturity assessment 

proposed from a number of studies (Aboumoemen, 2016; Smits et al., 2016; Wong et al., 2016) 

with the selected members of the focus group workshops. In these workshops, three 

organisational levels were proposed through the conceptual framework as: (a. Strategic, b. 

Implementation, and c. Operational) and the maturity assessment was conducted as follows: 

1=Awareness, 2=Occasional Application, 3=Consistency.   

The next phase involved the conduct of semi-structured interviews. These consulted a number 

of UK practitioners to collect in depth information on the BIM maturity assessments and KPI 

metrics. The findings of the BIM maturity assessment were discussed in Section 7.4 for which 

interviewees were required to identify their organisational levels and complete the assessment 

assigned to each and demonstrate the potential linkage between the assessment and predefined 

KPIs. The findings revealed that an additional KPI should be included in the predefined list of KPIs 

(Collaborative Culture), the importance of the human factor was also emphasised. This KPI was 

noted across a number of studies under different names and considered alternatives to 

collaborative culture by representing social and cultural influences (Section 9.4). This is 

considered a contribution to knowledge.  

Having presented a complete list of ten standardised KPIs and linked them with the top metrics, 

the research process subsequently examined the relationships between the BIM sub metrics and 

the KPIs. The KPI metrics relationship with BIM maturity were assessed through a 4-level 

relationship (0=No relationship, 1=Weak, 2=Medium, 3=Strong). 

This research presented different ways to demonstrate and examine the relationship between 

the BIM maturity and KPI metrics, which represent a contribution to the research. This was the 

final step to update the framework based on the findings and to discuss the findings with a 

specific research sample to enable external validation stage (discussed below under Objective 6). 

A sample of the strategic level BIM maturity-KPI assessment is available in Section 9.5, and the 

same structure was adopted for the implementation and operational levels.  
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Objective 6: “To evaluate and propose a final BIM maturity-KPI assessment framework to the 

UK public sector local authority client construction industry.”  

 

Having undertaken all research steps (Proposing a BIM maturity assessment, developing a 

standardised set of KPI metrics, delivering a combined BIM maturity-KPI assessment, and 

proposing the relationships between BIM maturity and KPI metrics) the final objective focused 

on the evaluation of the final framework to determine whether it was appropriate to the sample 

for this research. The previous findings (Chapters 3-4, and 6-8) showed the development of and 

evolvement between a conceptual framework (Section 4.5) and an initial framework 

development (Section 9.3), whilst the final stage concerned the validation by experts to evaluate 

and present the final framework and the mechanism on how it shall operate (Sections 9.9.1-

9.9.3). The final proposed framework and the brake-down of the stages is available (Sections 

9.9.2-9.9.3). The external validation stage (required to achieve the aim of this research) was 

discussed, which presented the revised framework based on the data collection stages. The 

validation workshop followed a sequence concerning the level of agreement (Moody and Shanks, 

2003), which comprised six quality factors: correctness, completeness, simplicity, flexibility, 

understandability, and overall quality on the initial framework development. The questions and 

scoring criteria used for the validation stage was presented (Section 9.9). The findings of the 

research were presented to group members to explain and gather feedback on the framework. 

Having outlined the findings under each objective, the next section reviews the research 

questions raised to address this research area.  
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10.3.2 Review and Synthesis of the Research Questions 

 

The following questions were designed to enable appropriate outcomes for the aim and 

objectives: 

 

Question 1: “What does BIM maturity mean and what does it measure? How could BIM maturity 

support / facilitate BIM implementation?” 

 
The main purpose of BIM maturity is to measure the effectiveness of BIM capabilities and 

competencies across the construction industry, which was reflected by the UK mandate and 

examines BIM projects success across the UK. The BIM maturity assessment formally measures 

the level of BIM capability and adoption. It was designed to help derive benefit and value through 

the development of organisational maturity in relation BIM implementation. Adopting maturity 

models can enable valuable benefits to BIM users, including client organisations, by managing 

any changes required. This can be simplified into levels to achieve the desired BIM benefits (Giel 

and Issa, 2013b; Nepal et al., 2014; Succar, 2010a). The benefits are avoiding risk, reworks, delay, 

extra costs and clashes (Godfrey, 2008; Humphrey, 1988; Nolan, 1973; Survey4BIM. 2015). 

Capability Maturity Model Integration (CMMI) should be adapted for other such models to 

follow, since most BIM maturity models in the literature have adopted the CMMI approach 

(Chrissis et al., 2003; Paulk et al., 1994). BIM maturity in this research is used to cover all relevant 

BIM concepts, namely: assessments, models, capability, competencies, and maturity.  However, 

in the context of this research, “the extent of that ability” was acknowledged when developing a 

BIM assessment, since it was not only important to assess “the minimum ability and a set of 

abilities” when implementing BIM across individuals and organisations, but vital to recognise the 

extent of that ability and how it could determine the implementation of BIM across an 

assessment. As a result, the concept that best fit this research was BIM maturity due to its 

representation of a set of BIM activities and processes, which measure progression from one 

point to another.  Thus, maturity delivers the required measure and a set of descriptions from 

one level to another. 
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Question 2: “How are the Key Performance Indicators approached by the construction industry? What 

do they measure, and which criteria do they follow?” 

 

Key performance indicators are numbers designed to succinctly convey as much information as 

possible. A KPI is the measure of a process that is critical to the success of an organisation. KPIs 

are compilations of data measures that are used to assess the performance of a construction 

operation. They are the management methods used to evaluate employee performances on a 

particular task. Furthermore, KPIs could benchmark purposes that act as key components, 

thereby enabling organisations to achieve best practice (Enshassi, Mohamed, and Abushaban, 

2009). According to Dissanayaka and Kumaraswamy (1999), various value representations based 

on cost and time performances were used for evaluations. The following are included as main 

representations: project characteristics, the procurement system, the project team performance, 

client representation characteristics, contractor characteristics, design team characteristics, and 

external conditions (Navon, 2005). Ten main KPIs were identified and presented as a benchmark 

for the Construction Industry, namely: Cost, time, quality, satisfaction, health and safety, 

performance, profitability, productivity, sustainability, and collaborative culture. To measure 

KPIs, a database to record them, and checklists to monitor and record their use were 

recommended. KPIs were presented in the literature as different methods, such as: Critical 

Success Factors, performance success, performance measurements, project performance, 

measuring construction, and the Fuzzy AHP process.  
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Question 3: “Is there a link between BIM maturity and KPIs as a measure of the benefits of adopting 

BIM? If so, how can linking BIM maturity and KPIs provide a measure of BIM adoption and support BIM 

implementation?” 
 

Although other studies have previously linked BIM maturity and KPI metrics, few studies have 

addressed the possible links between BIM implementation on primary KPIs for construction 

projects. This can be attributed to the lack of rigorous understanding of BIM maturity and KPI 

metrics. A number of BIM maturity metrics have not been properly defined, while KPI metrics 

lack the consensus of a KPI (i.e. cost, time, quality).  Moreover, there is a lack of understanding 

on how KPI metrics could be measured or used across organisations, and the absence of 

standardised BIM maturity and KPI metrics, or an assessment to assess the overall performance 

of construction projects across the UK. The main purpose of BIM maturity is to measure the 

effectiveness of BIM capability and adoption across construction industries, which may reflect on 

the UK governmental mandate and require the examination of successful BIM projects across the 

UK. KPIs are measures that are critical to the success of an organisation, and a number of 

performance measures define the success of a project or organisation. There is a conspicuous 

lack of studies that focus on the identification of potential areas of BIM utilization in construction 

and the association with construction KPIs. BIM maturity emerged as a method to measure the 

development of projects through maturity levels. This aims to assess levels of BIM maturity 

across projects and organisations, and KPIs act as a method to measure construction project and 

organisational success; thus, there needs to be an overall assessment to combine both concepts. 

Linking BIM maturity and KPI metrics together was conducted previously across thirty three 

assessments, whilst thirty four BIM maturity sub metrics were demonstrated through three 

organisational level assessments: Strategic (Eleven sub metrics), Implementation (Eleven sub 

metrics), and Operational (Twelve sub metrics) and links were conducted across ten KPIs.  

The link between both metrics showed that the primary KPIs were strongly and effectively linked 

across all BIM maturity metrics, with varying strengths in relationship. In comparison, the links 

differed from one organisational level to another in terms of the secondary KPI metrics, which 

returned weaker linkages. The anticipated benefits from such links were: Improved collaboration, 

communication and relationships; improved certainty and reduction of uncertainty; cost 

certainty and reduced risk provision; programme certainty; performance certainty; improved 

change implementation and management; improved safety; improved user satisfaction, and 

reduced lifecycle cost. However, the focus of this research was not to explore potential ways to 

measure such benefits, but on the relationships between the BIM maturity and KPI metrics.  
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Question 4: “Can the proposed BIM maturity-KPI linkage benefit the UK public sector local authority 

client? If so, to what extent could the linkage reflect on the UK construction industry client?” 

 

The BIM maturity-KPI assessment framework proposes nine benefits that could emerge from 

combining BIM maturity and KPI metrics, as discussed in the previous section. The interview and 

questionnaire findings revealed a number of benefits from the proposed framework, such as: 

Improved overall project delivery; added value to clients; better facilities management, and 

collaborative working. It is believed that should the framework, BIM maturity assessments, and 

BIM-KPI relationship assessments be adopted within organisations and across a number of 

projects, this would offer benefits allowing users to identify their current BIM maturity levels and 

identify the actions required to improve from one maturity level to another (i.e. from occasional 

application to consistency), which would also allow the KPIs/BIM maturity levels relationship to 

improve from one level to another (i.e. from medium to strong). Thus, the KPI metric 

relationships would depend on the BIM maturity levels and whether they move in the same 

direction. Therefore, as the maturity levels and KPI relationship levels increase, this would impact 

on the overall performance of construction projects within organisations and would enable 

overall improvement to the organisational performance.  Moreover, as the BIM maturity levels 

increase, the overall project delivery would improve, clients would achieve a better 

understanding of the BIM maturity metrics and how they could improve from one level to 

another. This would enable collaborative working amongst teams and better education on the 

actions required to upskill from one level to another.  

The proposed framework would benefit the UK public sector local authority clients who would 

have an understanding of the current status of organisations in terms of overall BIM maturity 

and KPI relationship levels. Furthermore, it would identify the relevant actions required to 

enhance the overall performance of clients, and allow them to revisit the framework in the future 

to determine improvements across the sector. Together, this would allow the client sector to 

lead the adoption of BIM maturity (aligned to the BS EN ISO19650 standards), maximise the 

proposed benefits, and measure themselves to gauge whether their overall performance is 

improving. 

Having reviewed and answered the research questions, the next step outlines a number of 

essential recommendations to UK public sector local authority clients. 
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10.4 Research Recommendations 
 

A number of recommendations are offered to the UK public sector local authority client. These 

recommendations will enable an understanding of how clients could move from the adoption of 

Level 2 BIM to the new BS EN ISO19650 standards, gain a better understanding of the new 

standards, and link BIM maturity and KPI metrics to enhance the overall performance of the UK 

construction industry. Thus, the following are recommendations offered for this purpose: 

1) Experience, Training, and Knowledge 

There has been a lack of client demand and an absence of understanding of BIM maturity and 

KPI metrics, Level 2 BIM, and the similarities/difference between Level 2 BIM and the new BS 

EN ISO19650 standards. There needs to be effective training programs and strategies to 

educate clients on the meaning of BIM maturity and KPI metrics, and more educational 

programs on the new BS EN ISO19650 standards to enable a better understanding of how the 

standards work in order to enhance understanding and tackle the industry’s issues with 

information management. 

The provision of such training and educational programs will deliver a better understanding 

of BIM maturity and the new standards, which will allow users within the client sector to adopt 

to new standards and access benefits, such as improved overall project and organisational 

performance. Hence, this could encourage better information management and faster 

adoption of the new standards. Moreover, it could enhance the knowledge of the client sector 

and enable greater experience of BIM adoption. With the enhanced knowledge, greater 

experience, and the provision of training and educational programs, this would tackle existing 

challenges in understanding BIM since clients would have the tools (i.e. knowledge, 

experience, training) to offer and better educate BIM users, while the application of such tools 

would allow for a more rapid adoption of BIM (aligned to the BS EN ISO19650 standards). 

2) Collaboration 

Studies have revealed a lack of collaborative strategies between project teams. The data 

collection findings also stressed the importance of including collaboration (i.e. collaborative 

culture for the KPI metrics, and the collaboration process for the BIM maturity metrics) as 

aspects that address human and cultural, behaviours.  This ensured the study did not rely 

solely on the technological aspects. Thus, it is vital to review the current status of collaboration 

amongst organisations, and explore how project teams coordinate and communicate in order 

to enable more effective and greater collaborative working amongst such teams. As 

collaborative working relates to user knowledge and experience, there is a greater potential 
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for the better understanding of project and organisational needs, which would allow users to 

work collaboratively, and thus ensure that collaboration is maintained and sustained across 

the sector.  

3) Research  

The release of the new BS EN ISO19650 standards in the UK has prompted a transit from Level 

2 BIM. However, a number of reports have addressed issues with understanding Level 2 BIM, 

which has led to confusion on what it is, while further uncertainty has emerged following the 

release of the new standards. Thus, in order to adapt to the government mandates and the 

rapid movement of BIM, it is essential to apply research across practice and within the 

educational sector. Research is with knowledge, training, and experience, and closely 

connected to collaboration, since the provision of potential research projects within the 

educational sector, and research teams within the practice allows for an in-depth exploration 

and understanding of the new standards and BIM maturity. This could occur through the 

provision of Knowledge Transfer Partnership programs that could link the education with 

practice. Thus, research projects could be offered to better understand and gain more 

knowledge on the new standards and increase the levels of experience amongst potential BIM 

users.  This would allow for collaborative working amongst project teams and promote 

common goals based on improving project and organisational performance levels. The new 

standards could then be linked to research teams within practice, which would offer a link 

between the academic sector and practice. This link would offer an enriched understanding 

and in-depth knowledge on the new standards and BIM maturity from which users could gain 

more experience and develop greater skills through adopting BIM.  This could allow for 

collaboration between education and practice, enabling a rapid and greater understanding of 

the standards.  

Having outlined a number of recommendations, the next step will summarise the 

contributions of this research to knowledge and practice. 
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10.5 Research Contributions 
 

The novelty of this research is the development of “A BIM Maturity-KPI assessment framework 

for the UK public sector local authority client to assess BIM adoption in line with the UK 

construction strategy”. The literature review highlighted the absence of a clearly defined 

relationship between BIM maturity and KPI metrics; therefore, this research explored and 

investigated the delivery of such a relationship. The literature review noted previous links 

between BIM maturity and KPI metrics being conducted; however, both BIM maturity and KPI 

metrics undertook different approaches that did not allow such associations. The KPI metrics 

used to link with BIM maturity were mainly the primary KPIs, whereas the BIM maturity 

approaches considered either technological, capability, or organisational approaches. As a result, 

this research aimed to deliver a framework that would effectively examine the relationships 

between BIM maturity and KPI metrics and to deliver an assessment to determine how they could 

work together (Contribution to knowledge) to improve the performance of the UK construction 

industry client sector and offer organisational benefits as a result of adopting the framework 

(Contribution to practice). Nine benefits emerged from conducting this assessment and, 

ultimately, a number of contributions to knowledge and practice were made by this research. 

10.5.1 Contributions to knowledge 
 

A number of contributions result from this research, which are outlined as follows: 

1) Exploring a complete set of BIM maturity assessments 

Although a wide range of BIM maturity assessments exist, this research delivered an extensive 

review of the existing BIM maturity assessments and resulted in the delivery of a table of 92 

BIM maturity assessments (Section 3.4) that were classified into eight categories. The highest 

number of assessments that were previously reviewed totalled 32 (Badrinath et al., 2019). The 

research has managed to address the majority of existing BIM maturity assessments across 

the literature and organisations, and based on the critical review of the literature, deliver a 

standardised list of BIM maturity metrics that were applied across three organisational levels 

and through a three level BIM maturity assessment.  

2) Identifying existing combined BIM maturity and KPI metrics relationship assessments 

Although previous attempts were conducted to link BIM maturity and KPI metrics together, 

this research has addressed the most existing assessments that conducted such links, which 

has resulted in the presentation of a table of 33 BIM maturity and KPI metrics assessments 

(Section 3.10) that were classified into six categories. This helped to propose a standardised 

assessment that links BIM maturity and KPI metrics together. 



400 | P a g e  
 

3) Proposing a combined BIM maturity-KPI assessment framework 

The study has delivered a practical combined BIM Maturity-KPI assessment framework to the 

UK client local authority public sector. The standardised BIM maturity approach was 

introduced along with a generalised list of KPIs for consideration within the UK. Few studies 

have delivered an applicable assessment framework that includes the components of BIM 

maturity and KPI metrics separately, or linking both BIM maturity and KPI metrics together, or 

a validated result that is examined across various industries generally and the UK and clients 

specifically. A proposed conceptual framework was developed, and a new combined BIM 

Maturity-KPI assessment was produced that was validated by experts from the UK 

construction industry and by clients. The proposed BIM maturity-KPI assessment framework 

would aim to solve existing problems relating to:  

a) A lack of consideration for client needs, which result in difficulties deciding whether to 

implement BIM maturity and KPI metrics or not; 

b) A poor level of understanding on what BIM maturity and KPI metrics are; 

c) How are such assessments operate in organisations generally; 

d) The absence of a rigorous relationship between the new BS EN ISO19650 standards, 

BIM maturity and KPI metrics for UK clients; and  

e) A failed attempt to link them to realise benefits that could have an impact on the 

overall performance of the UK industry. 

4) Techniques to determine the BIM maturity and KPI metrics strength of relationship  

Various ways to link BIM maturity and KPI metrics have previously been identified, and similar 

approaches were adopted in this research, such as conducting a Spearman correlation to 

examine the statistical relationship between both variables, and conducting a linear 

regression analysis to determine the cause and effect for both. However, this research 

delivered alternatives to determine links between BIM maturity and KPI metrics. This achieved 

within the interviews, which first determined how both BIM maturity and KPI metrics could 

be linked to determine whether a potential linkage already existed. This helped to determine 

whether the KPI metrics could be linked with the BIM maturity metrics, which could then be 

used for further examination. Various interpretations of correlations exist, which was not 

mentioned in many studies. This research condensed and reviewed different interpretations 

and selected the most relevant for the combined BIM-KPI assessment.  
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5) A first BIM assessment and combined BIM maturity and KPI metrics assessment with BS EN 

ISO19650 recognition 

This research began in April 2016, at which point the government mandate concerning BIM 

Level 2 was announced. At this stage, the focus group workshops and interviews were 

conducted on the proposed BIM maturity assessments and exploring the relationship 

between BIM maturity and KPI metrics being relevant to Level 2 BIM and the questionnaire 

survey was being prepared during the mention of Level 2 BIM only. However, when the 

questionnaire survey was released, the new BS EN ISO19650 standards were released, which 

aimed to internationally recognise the BIM metrics and transition between Level 2 BIM and 

the BS EN ISO19650 standards. Thus, the BIM assessment in this research incorporated this 

transition, which means it will be the first BIM assessment to include BS EN ISO19650 metrics. 

This means it follows an up to date UK approach to BIM concerning its continuous 

development, and fills the gap concerning the absence of BS EN ISO19650 standards, and in 

accordance to the government guidance with digitisation (HM government. 2020c).  

10.5.2 Contributions to Practice 
 

There are a number of contributions to practice to emerge from this research as follows: 
 

1) The first BIM maturity and combined BIM maturity and KPI metrics assessment for public 

sector clients with BS EN ISO19650 to be recognised and examined across UK practices  

The new BS EN ISO19650 standards aim to internationally recognise the BIM maturity metrics 

and transition guidance between Level 2 BIM and BS EN ISO19650. The BIM maturity 

assessment in this research incorporated this transition, meaning that it is the first BIM 

assessment to incorporate BS EN ISO19650 metrics (at the time of writing the thesis). This 

means it has adopted an up to date approach to BIM within the UK concerning its continuous 

development. This would be the first BIM maturity and combined BIM-KPI assessment to be 

given to UK clients and construction organisations to assess their BIM maturity. Previous 

assessments have been developed that follow the Level 2 BIM approach concerning the 

governmental mandate. These assessments, however, did not include the transition from 

Level 2 BIM to the new BS EN ISO19650 standards. Thus, this assessment could help 

organisations and UK clients to determine how this transition could be made by enabling a 

better understanding of BIM development, to realise the benefits from combining BIM 

maturity and KPI metrics together and how they can help enhance the overall performance of 

the UK practices and benefit them, and by offering an assessment to decide whether they are 

compliant to the BS EN ISO19650 standards.  
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2) The BIM maturity-KPI assessment framework  

The external validation stage delivered a dashboard that demonstrates the results of the 

combined BIM-KPI assessment (Section 9.9.2). The findings of this research would enable UK 

clients to determine the relationship between BIM maturity and KPI metrics, the areas which 

require improvement in order to progress to the next level, and to implement and invest in 

strong areas and ensure that they continuously achieve Consistency-strong levels in the 

future. The dashboard and assessment would be an online tool developed for UK clients.  

3) New method of assessing BIM maturity and KPI metrics to the client sector 

The combined BIM-KPI framework will be introduced to UK construction industry clients as a 

new, verified tool that is ready for application across the UK. This tool will be subject to 

continuous validation and a record of its performance and measurement of anticipated 

improvements across projects and organisations. The proposed BIM maturity and KPI metrics 

linkages will bridge the gap that exists in both metrics, which means it is a new framework for 

the UK construction industry. The BIM Maturity-KPI assessment framework aims to help users 

arrive at solutions on how to deliver combined BIM maturity and KPI metrics by considering a 

standardised list of ten KPI metrics that are linked with BIM maturity sub metrics to extract 

benefits that could impact on the overall performance of the industry. It is expected that the 

framework will be embedded amongst UK clients through its application across NWCH, who 

will propose this to local authorities and deliver it to the list of contracting companies with 

which they have partnerships. 

10.6 Research Limitations 
 

Throughout this research, a number of measures were taken to increase reliability, validity and 

rigour of the research. The data collection phases started with focus group workshops to develop 

the proposed BIM maturity assessment, which was followed by interviews to examine the 

assessment and to outline a list of KPI metrics to be examined and used. A mechanism to link 

BIM maturity and KPI metrics was proposed to see if new KPI metrics would emerge from which 

ten were proposed. This was then examined and statistically tested in the questionnaire to 

determine the strength of correlation, the strength and level of relationships, and the level of 

independence between the BIM maturity sub metrics and the KPIs. This was followed by a focus 

group validation workshop to finalise and validate the findings. According to Gray (2014), 

challenges that may occur when conducting case studies and focus group workshops involve 

accessing organisations, changes to participants, and generalisability. As a result, a longer time 
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may be required to conduct the research, which therefore may result in a failure to produce the 

solutions expected. As such, a number of data collection procedures were conducted in this 

research to refine the framework and collect information on links between BIM maturity and KPI 

metrics amongst various users. However, some limitations were encountered when completing 

this research, which are: 

1) Time constraints  

Although the researcher identified a larger sample population, only forty completed 

responses were returned to the questionnaire survey. Thus, a larger response rate may have 

strengthened the findings for this phase of the research. The proposed relationship tests were 

based on these forty responses, thus, the limited timescale of a Ph.D thesis also represents a 

limitation to this study. Should more time have been available and a greater number of 

responses was received, the results may have differed, thereby changing the findings 

concerning the established relationships between BIM maturity and KPI metrics. 

2) BS EN ISO19650 standards existing information 

Throughout the research journey, different UK approaches to BIM have arisen. This started 

with governmental mandate to Level 2 BIM and, up to this point, the new BS EN ISO19650 

standards have been demonstrated along with a transition guidance from Level 2 BIM to the 

internationally recognised BS EN ISO19650. As a result, this research could only rely on 

existing, information concerning the BS EN ISO19650 standards as it emerged and developed, 

and its transition guidance, which could also be updated with time.  

3) Measuring the benefits of combined BIM maturity and KPI metrics 

Nine benefits were proposed as occurring from the combined BIM maturity and KPI metrics. 

However, these benefits were not statistically examined nor measured to see how these 

reflect on UK clients. Therefore, this research has not measured the benefits proposed to 

determine how they would impact UK clients and reflect on the construction industry. 

4) UK client’s understanding of the combined assessment 

Enabling understanding of the BIM maturity-KPI assessment amongst clients was another 

challenge encountered within this research. This was a significant problem since the 

framework expected UK clients to understand BIM maturity and KPI metrics although no 

previous assessments exist for clients.  Since there has not existed a previous assessment to 

client, then it was worth visualising how shall this reflect on the UK client sector. 
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5) Access to relevant users and construction organisations 

A critical limitation was accessing the most suitable users and construction organisations with 

a background of Level 2 BIM and the new BS EN ISO19650 standards. This issue arose as some 

organisations were not operating under Level 2 BIM since results have shown that there is no 

standardised definition to Level 2 BIM leading to a confusion on how to adopt Level 2 BIM 

(Winfield, 2018). Thus, the process of selecting a relevant sample with whom to share the 

framework needed careful consideration in order to meet the vision of UK clients concerning 

the combination of BIM maturity and KPI metrics and to validate the proposed findings. Some 

of the selected sample for the interviews and online questionnaire were found to have 

different levels of understanding of BIM, results have also shown that there are still issued 

related to people’s understanding and industry’s issues revolving around Information 

Management using BIM (Kemp, 2020; UK BIM Alliance. 2020; Winfield, 2020), and some were 

not aware of industry KPIs. 

10.7 Future Research 

 
Having outlined the research contributions, limitations, and recommendations for the UK public 

sector local authority client, the research has addressed the importance of linking BIM maturity 

and KPI metrics in order to extract the benefits for the construction industry that reflect on the 

UK client sector. Nevertheless, the UK is fast progressing through the levels of BIM adoption, 

whilst there is ongoing transition from Level 2 BIM to the new BS EN ISO19650 standards. As the 

levels of adoption increase, this should deliver benefits, such as improving organisation 

performance, increased productivity, more collaboration, and greater efficiencies, to thereby 

address the aforementioned problems of fragmentation and lower productivity, as mentioned in 

the construction industry reports (Egan, Latham, Wolstenholme).  This will meet the recent drive 

by reports to respond to modern working and prevent potential threats to the industry (Farmer, 

2016). Hence, this research proposes incorporating the fast approach of BS EN ISO19650 

standards, to link BIM maturity and KPI metrics, and to embed collaborative strategies to meet 

these objectives. As a result, the research directions that could achieve this are as follows: 

1) Approaching different client sector(s) and more UK practitioners   

As this research had a limited timeframe and approached a comparatively small number of 

participants and organisations, further studies could approach a wider selection of clients and 

different types of clients, and to reach out to more UK practitioners with high levels of BIM 

experiences. This would enable the collection of more in-depth data about BIM maturity and 
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KPI metrics relationships and the results would potentially be more generalisable than those 

for this research. 

2) Greater emphasis on BS EN ISO19650 standards as BIM moves forward  

There has been some confusion between Level 2 BIM and the new BS EN ISO19650 standards, 

which meant that participants either did not participate in the questionnaire survey or fully 

understand the BIM implementation process. Although there is little major difference 

between Level 2 BIM and BS EN ISO19650, more emphasis and focus could be placed on the 

new BS EN ISO19650 standards to meet the UK’s BIM approach over the upcoming years. The 

more focus on the new standards, the better the adoption of BIM will be.  

3) Revisit the organisations to see if levels of maturity have changed  

Organisations and individuals conducted the BIM maturity assessment(s) proposed in this 

research. Since the results reflected the current state of organisational operations and existing 

maturity levels, the same individuals and organisations could be revisited at a later stage to 

identify whether similar levels of maturity exist or have changed. If they have changed, further 

research could determine whether the levels of maturity were higher or lower. 

4) Measuring the benefits of combined BIM maturity and KPI metrics 

The benefits of combined BIM maturity and KPI metrics could be measured by future studies 

to determine the extent to which they could be achieved. This would require a revision of the 

methodology reports and methods undertaken for this research (Section 2.5.2) to determine 

how to measure the benefits.  

5) Determining the level of readiness to transition from Level 2 BIM to ISO19650, along with 

collaborative behaviours and strategies 

The latest government and NBS reports have identified the level of readiness for Level 2 BIM 

and addressed the transition to the new BS EN ISO19650 standards. The level of readiness to 

transition from Level 2 BIM to the BS EN ISO19650 standards should be identified to explore 

if organisations are ready for this transition and if there is an enhanced understanding to the 

new standards. The level of readiness with collaborative behaviour should also be explored, 

since collaborative culture was noted as a KPI and collaboration process as a BIM maturity 

metrics, and to see if organisations are ready to implement collaborative strategies or not. 

6) Reassess the relationships between BIM maturity and KPI metrics 

Having reviewed the current state of relationships between BIM maturity and KPI metrics, and 

having understood the new BS EN ISO19650 standards, BIM maturity and KPI metrics could be 

revisited to see if BIM maturity levels impact on the KPI relationships such that if the levels of 
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relationships of BIM maturity increase then the KPI relationships with BIM maturity would 

increase. Revisiting the relationships would allow to see if there have been overall 

performance improvements within organisations as a result of the change occurring between 

the relationships of BIM maturity and the KPI metrics. 

7) To extract the benefits of combined BIM and KPIs and provide steps to measure them 

Having delivered a standardised list of benefits from combined BIM maturity and KPI metrics, 

the additional benefits that were proposed could be reviewed to identify key benefits that 

could be included within the existing list of benefits, and to provide steps on how these 

benefits could be measured. A review of the benefits methodology report (PwC. 2018) would 

be necessary to visualise how they could be measured. 

8) To examine the correlation between each KPI and further investigate collaborative culture 

This research has conducted a correlation analysis between BIM maturity and KPI metrics. The 

same analysis is required to be conducted amongst the KPI metrics to determine the strength 

of relationships between them. As collaborative culture was introduced as a new KPI, further 

investigation could be undertaken to identify its key features and how it reflects on the UK.  

10.8 Conclusions 
 

Having recommended further research directions prompted by this research, the following 

conclusions can be drawn from this research: 

• The scatter plots table revealed either a weak or moderate positive linear regression 

between BIM maturity and KPI metrics, indicating that the KPI metrics would depend on the 

BIM maturity levels and it would move towards the same direction, such that as BIM maturity 

levels increase, then the KPI strength of relationship increases. 

• There needs to be a better understanding of the transition from Level 2 BIM to the new BS 

EN ISO19650 standards, in order to tackle the existing confusion between both and better 

educate the client sector with the new standards. 

• There is more emphasis on collaboration through greater collaborative behaviour and 

supportive strategies with UK practices, thus, it is vital to address collaboration within the 

UK practices to maintain collaborative working amongst project teams within the practice, 

in order to enhance the overall performance within the UK client sector. 

• There are anticipated benefits from linking BIM maturity and KPI metrics; however, they 

would need to be measured to visualise if the benefits would reflect back on the overall 

project and organisational performance and see if those benefits would be maintained. 
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• The findings revealed that, for the most part, as BIM maturity increases the strength of 

relationship with KPI metrics either decreased or did not relate to BIM maturity. This 

suggests that there is no relationship between them. 

• Although there is an increase in the level of BIM adoption and a drive for greater 

(international) recognition of BIM in the BS EN ISO19650 standards, there still lacks a 

consensus definition for BIM. Moreover, BIM maturity assessments could be perceived as an 

obligation with no clear review of its metrics or whether this would reflect on projects and 

organisations.  

• It is vital to provide education and training strategies to better educate teams with Level 2 

BIM, the BS EN ISO19650 standards, the BIM maturity assessment, and ways on establish a 

relationship between BIM maturity and KPI metrics. 

The research highlighted the importance of combining BIM maturity and KPI metrics to identify 

the strength of relationships between them, and the benefits that could be achieved, which 

would help to tackle existing problems within the UK construction sector. It is believed that the 

research findings would support the current implementation of BIM maturity in the UK, enhance 

and improve cultural behaviours within organisations, and deliver a positive impact on the UK 

construction industry’s overall performance. Having presented the research conclusions, the 

next section will deliver the summary of this chapter. 
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10.9 Summary 

 

This chapter delivered a review of the aim and objectives of this research and how they, along 

with research questions, were achieved. The expected contributions to knowledge and practice 

were outlined to demonstrate how these reflect on knowledge, namely by filling existing gaps, 

explaining problems, and justifying the reasons for selecting the research.  Moreover, the study 

offers an understanding of how this could impact on practice through the application of the 

proposed framework amongst UK clients in construction, and its impact on the overall 

performance of the industry. The limitations were highlighted and justified in line with the 

introduction, literature review, framework development, research methodology, data collection 

findings, and the validation of findings. A number of research recommendations and future 

research steps were delivered to identify the actions necessary in terms of the current research 

findings and those proposed for future research. Finally, a list of conclusions was provided 

following the completion of this research and key research areas and were noted.  
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Appendix B: Chapter 3 Additional information on maturity & BIM maturity 
 

Based on the UK BIM Task Group, Survey4BIM, an open collective of geospatial professionals, has 

been looking at what it means to geo-enable BIM. It has identified 5 challenges: accuracy, 

generalisation, interoperability, level of detail and metadata. These challenges are the building 

blocks for geo-enabling BIM Level 2. The benefits are clear: avoiding risk, reworking, delay, extra 

costs and clashes. The capability maturity and its relationship with UK Level 2 BIM mandate in 

2016 and a description of each level is presented in Figure 3.2 (Gleeson and Penney, 2016; 

Godfrey, 2008; Humphrey, 1988; Nolan, 1973; Survey4BIM. 2015). 

 

 

 

 

 

 

 

 

 

Maturity level explanation with Big5 BIM level 2 (Gleeson and Penney, 2016; Survey4BIM. 2015) 

This shows that in 2016, the UK was up to stage 2 of the 5 staged BIM levels (Initial Chaotic and 

Managed tracked). 4 challenges existed in the 1st stage, with Level of detail being present in the 

2nd stage, but there was a vision to move forward with the stages for an advanced 

implementation of BIM. This was aimed to move along to Stages 3 and 4 (Well defined and 

Quantitatively managed) where Generalisation would be linked with Stage 2, Interoperability and 

Level of Detail linked to Stage 3, and Accuracy and Meta data linked to Stage 4.  

By mapping out the maturity levels of the applications of geo-enabled data in stages and relating 

them to the BIM road map, we can clearly identify where the opportunities for development lie 

and, in so doing, focus on what actions we need to take as a professional. 

It must be remembered these challenges are viewed in the context of applying BIM in the UK as 

a whole, as opposed to the UK geospatial sector alone. Applying this staged process of adoption 

to a BIM road map helps to clarify the gaps, and the steps necessary to achieve BIM Level 2.  

The next step is to see on which actions the geospatial industry can focus, and which to prioritise. 

There is a chance to geo-enable BIM over the next 5 years.
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Complete list of most popular maturity models available in literature 
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A complete list of the evaluations for a selective number of studies  
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Appendix C: Chapter 4 Additional Information on BIM maturity assessment (Aboumoemen, 2016)  

 

Level 2 BIM maturity assessment (The What and The How) for the Strategic, Implementation, and Operational levels (Aboumoemen, 2016) 
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Appendix D: Chapter 5 Additional information on research methodology 
 

Sample Population and Sample size required (Krejcie & Morgan, 1970; Sekaran & Bougie, 2013) 
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Appendix E: Chapter 6 Additional information on ethical approval for data collection 
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Focus group workshop notes for strategic level workshop 2: 
 

0:00_4:00- Discussion on the technical procedures on how the tool will be used by stakeholders 
throughout the organisational levels. 
4:00_7:00- Discussion on formula to be used for the total accumulative scores for maturity levels 
selection. Formula has been changed to 1-1.7= Awareness, 1.71-2.4= Occasional, 2.41-3= 
Consistency. Usually whoever undertakes the assessment will score up to 2.4. BIM guide, BIM co-
ordinator, design manager will probably score highly, whereas the technical guide could score up 
to 1.7, and other managers could score below than 1.7.  
6.00- Depending on the users in the project and their roles, what are their capabilities, so that gives 
an indication on where the assessment scores is going to be? Reviewing the results in 3-5 years to 
see where the company team stands in regards to the assessment.  
7:00_10:00- A brief discussion over the audience targeted for this assessment and was initiated that 
its for the clients. More for organisational level. The assessment should be given to users with some 
awareness and knowledge on Level 2 BIM for the assessment to be meaningful. Contractors will be 
given the assessment to fill out, but then the completed assessment will be fed to the clients. 
10:00_13:00- Discussion on the Collaboration Top metrics and specifically on collaboration process 
sub metrics: General discussion on how the spreadsheet was structured from previous work. Based 
on assigning top metrics for the organisational levels that are explained, then under the top metrics 
there are sub metrics related to them that the description for each is provided, then the 3 maturity 
levels that relate to each sub metrics and what does each level mean. Lowered down from 5 to 3 to 
provide necessary distinction of each level, where previously 2 and 4 did not differ that much from 
1, 3 and 5.  
13:00_17:00- A question on Collaboration process directed to collaborative behaviours or usage of 
software, so it was indicated that it’s for the usage of software. British standards for BIM level 2 could 
include PAS part 2 and 3 together for the clients to be involved and consider the CAPEX and OPEX 
elements. Some confusion on the scoring scheme based on the maturity descriptors.  
17:00_18:00- Some awareness on the model such as with Navisworks, Open the model. Occasional 
could be CDE setup to use with and operate with the model. Consistency could be everything is set 
up and integrated there is a collaborative system in place where it is compliant with the standards.  
But again its what is collaboration process.  
18:00_21:00- The need to have a tangible metric to score all the sub metrics otherwise they could 
all be scored as 3. A question on existence of software in the implementation and operational levels. 
There exist sub metrics related to those in the operational level. Preview software and see what it 
could accomplish. IFC formats. For organisational level it could mean if they have collaboration 
between different platforms and system, where every company will have different platforms such 
as enterprise systems that are related and not related to BIM. Collaborative approaches and its 
behaviours, could be data management integration with the software. Generally the Collaborative 
process could be confusing for clients, as it has multiple meanings related to behaviours and software 
and could be directed into different routes. This may differ from one project type to another as it will 
reflect differently based on the project types. The software needs to be defined related to FM, to 
build assets. 
21:00_25:00- Discussion on the Processes and standards: This means the standards itself (Pas 
documents and other documented standards related to Level 2 BIM). Then general discussion on the 
inputs to be included with each maturity level. It was also required to change the descriptor of the 
element in such that it includes some examples of Level 2 BIM standards and a possible link that users 
could access to find more details about the standards provided.   
25:00_29:00- Generally the Strategic level should be kept to its simplest forms to allow clients and 
users in that level to assess the sub metrics of Level 2 BIM. Agreement on how the descriptors should 
be phrased to distinct each level accordingly.  
29:00_30:00- Consider changing the description of the maturity level to comply with the descriptions 
provided for each sub metrics.  
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30:00_32:00- Agreement on the descriptions to be included for the Processes and Standards 
32:00_42:00- Discussion on the Roles and Responsibilities with its descriptors. It was stated that 
some overlaps could occur between sub metrics in one top metrics with another one in a different 
top metric (Roles and responsibilities with Collaboration and Employers requirements). Several 
descriptors exist, such as for the 1st 2 levels the need to have a consultant, whereas no need to have 
consultant for last level. A set of descriptors were discussed to agree to a specific one to be included.  
42:00_55:00- Discussion on the contractual agreements. Relation with Procurement route. Contracts 
such as CIC and BIM protocols. What forms of contracts align best with Level 2 BIM standards? 
Bridging the misunderstanding of the Contractual agreements sub metric with maturity descriptors 
and its relationship to Level 2 BIM. 
55:00_56:00- Discussion on Champion engagement sub metrics. After explanation it was suggested 
to remove this sub metric from the whole spreadsheet as it is irrelevant and already covered in the 
roles and responsibilities. It might be needed for the implementation or organisational level.  
56:00_1:03:00- Discussion on Level 2 Education and training sub metrics. General discussion on how 
the descriptors should fit with this metrics and what does it mean and how it reflects different users 
in regard to the education and training facilities, and how they will be assessed on. 
1:03:00_1:09:00- Discussion on the Procurement route Sub metric. More clarification on what is 
meant by Procurement route. Project will be already BIM project. 2 stage tender could be different. 
General discussion on how the descriptors will shape this metric. 
1:09:00_1:10:00- Discussion on the final element of Collaboration [Collaborative protocols] sub 
metrics. It is similar to the procurement route and the contractual agreements. It was requested to 
be removed as it is a duplicate of the previous. Could be available in implementation level. 1st part of 
Collaboration was revised. End of meeting. 
 

Focus group workshop notes for strategic level workshop 3:  
 

0:00_12:00- Discussion on the Employers Requirement Top metric. Revising the descriptor of it and 
including OIR and AIR as stated previously. Recap on the collaboration process from the previous 
meeting to finalise the descriptors required for it. It will be kept as systems and software. 
13:00_15:00- Discussion on the Specialist consultants engagement sub metric. It was requested to be 
removed as it is not relevant with the EIR and difficult to assess. It is covered in previous top metrics.  
15:00_19:00- Discussion on Design element sub metric. More clarification on what design elements 
mean and how it will be used to be scored. Big 5 was mentioned so examples of what they are were 
discussed (Groundworks, MEP, Architecture, Structure, external works). 
19:00-33:00- Discussion on Information requirements (EIR) sub metric. General discussion on the 
descriptors to be included in that metric. Request of listing a sample of an EIR for the users to get a 
better understanding of what they are. Example is COBie 2012 template for issuing with each data 
drop and the requirements in the EIR section xx, requirements of a model covered in section xx. The 
complete EIR will specify Level of Details for each EIR. Ability to Deliver Complete EIR. Detailed 
discussion on what needs to be included in the descriptors for EIR since it’s a major sub metric.   
33:00_39:00- Before moving to the Facilities Management Top metric, it was suggested that the Asset 
Information Requirement should be included with the Employers requirement metrics, and so it was 
added to finalise this metric.  
39:00_43:00- Discussion on the Facilities management Top metric and GSL champion engagement 
sub metric. General discussion on the description and the maturity levels descriptors for the GSL. It 
was stated that most of the Facilities management sub metric are available in the Operational Level. 
Are you going to use the BIM model in operations.  
43:00-44:00- It was suggested that there should be a template that explains that not every part is 
applied to you therefore answer the metrics which applies to you so that the average scores will 
make sense and be meaningful, so where it is not applicable to you leave it blank. Guidelines to be 
included to explain how the spreadsheet will be completed by users which gives a better explanation 
for the users on what they are required to fill out.  
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Focus group workshop notes for Implementation level workshops 4 and 5:  
 

0:00_12:00- P5: The discussion in this workshop would focus on the Implementation Level. I have printed off 
the completed Strategic level, and since there would exist duplications to some metrics in the Implementation 
levels with those in the Strategic level, so we would have a review back at the Strategic level. P1: We’ll try to 
smash through the Implementation level as much as we can. P3: It would be easier for us to fill out, since we’ve 
already done this process in the Strategic level. So where did we leave off last time? P5: We’ve completed the 
Strategic level. So last time, we’ve started the discussions on the implementation level, and the metrics filled 
out here are pretty much aligned to the BIM checklist that was given to me at that time. For the Implementation 
level, there would be some elements that are repeated with those in the Strategic level. P1: So this is kind of 
the project management role, isn’t it?  P5: No, we said in the masters that it would best fit with the BIM 
coordinators. The operational level would be for the project managers. But we would discuss and decide this. 
P1: This is not the delivery part of it. P3: You are still doing it on the client side. P5: Yes, it is. P1: Ooh ok. P3: 
Yes you need to focus the terminology on the Client side. P5: Yes, because in the masters, we didn’t specify 
the client rather than it was just the general. P3: In here, you would need to focus on and aim this section for 
an information manager, because in terms of the client side, you’ll get an information manager who would do 
aspects of BIM coordination a holistic thing. So some documents in a different meeting they would generally 
do and making sure that all your standards and procedures would be set up. They would probably produce a 
BEP from the client side as well. So they do kind a bit of both really. So I use it from my brain kind of what I do 
before. P5: Yes, because in the masters it was just a general discussion that didn’t focus on the clients. So we 
said the Strategic would be (Senior or head management), and Implementation; BIM coordinators, and 
Operational; project managers. But because now it is directed to the clients so we can always change and 
reassign the roles. So as we said in this level, or as P3 was saying that the implementation level, this would be 
filled out for the information managers. P1: So, I’m trying to get my heads to this, so for the operational level, 
is this for the FM people? P5: Yes, it would be more technical, so FM and technical staff. P1: So the people 
using the building afterwards and operating it. P5: Yes, and for the Implementation, more of the document 
handover and how the information is being handled.  
11:00_18:00- So for example, the Level 2 Education and Training, we had it previously in the Strategic level, 
but in terms of the maturity level descriptors, then it would change slightly between both organisational levels. 
P1: So, is this about what qualification this would be doing there? P5: Yes, that’s how it was described in the 
Strategic level, but I’m not sure if it will change here? P1: In here, this would be like the training to deliver BIM, 
so this would be like say; I’m the information manager, this person would be my manager who would say you 
need to be trained to do this training, so implementation would be how they will undergo training. P3: I’m not 
sure since you will be crossing it wise on both wouldn’t we? If you do down the route of specific training and 
you cross with it in the strategic level. P5: So they would overlap? P3: Yeah. So how did you have it last time. 
P5: So last time in the masters, I had it as a duplication that it is mentioned here and in the strategic level, as 
you can say on both spreadsheets, and put it between brackets to show how they are repeated and crossed 
over. But we mentioned that the terminology used would differ from one organisational level to another. But 
we could decide if it would be the same or different and highlight where it would be different. P1: I don’t think 
it would be same here, because the strategic person is the person who essentially decides everyone needs 
training, P3: Yeah, the strategic would be those who have done the trainings. P1: Yes, so it would be different. 
P5: Ok, so we would change the description slightly here then because it is the same as the one in Strategic 
level. P3: Yeah, so here we could say; Level of education and training expected to be taken by an individual 
to understand level 2 BIM. P1: I suppose what we’re thinking here, so let’s say the 1st done is done by the 
manager and the answers are on behalf of the department, would this one be given to individuals within a 
team, to then gage their individual ability rather than the team’s ability?  P5: Because the Implementation is 
more of how it’s going to be used, so its more towards individuals, whereas the strategic is more towards a 
holistic or teams. P3: Could be an IT, or an influencer who would fill this out. P1: Because then this would 
measure, essentially if the scores in the strategic would be higher, then this would reflect somehow here and 
they would score similarly here, because this reflects on the individuals and teams. P3: Kind of, because the 
strategic level, you’d have kind of everything in place so the scores might not relate. P5: Yes, the scores might 
change. P3: Because for example at this company, we rolled out a training scheme, so if this was given at the 
time it was rolled out then we would score really high on the strategic level. Many of them would have taken 
it by that point. People may then score really low, because the strategic stuff is in place but not everybody is 
carried out, you’d probably get a 2 on the other one, because your 50-60% people haven’t taken it. You see 
what I mean? You won’t get a 3s on this one. So in one way P1 is right, think about what we put in the maturity 
level descriptors would make the difference. So we’ve put 60% done it in the strategic level, haven’t we? P5: 
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Yes we have. P3: The way you could go on with this, it depends on if you need training or not, so if they score 
1, then whether you want to say No training, or still undergoing training, because for the other metrics, if they 
score 1, then they would have done nothing, because no one has done the metric. P5: It could be nothing, or 
still undergoing or some or few, so for the 1 could be like this, 2 would be occasional, 3 full. P3: I would go 1 to 
be fundamental training (In house or external). And for 2 could be; well it depends on which company, 
because one company could be CADassist and go on their fundamental scores, whereas another company 
might get set up in house and get done, which is want you really want it to lead to. So for 2 it could be; they 
would be taking e-learning training for, not necessary advanced but intermediate BIM training. So; also there 
would be system trainings, like the CDE, FMs, Navisworks as they would undergo some of those trainings, so 
you can put some examples in there. Software based training. So the whole thing would read like; There is 
internal training undertaken (i.e. Intermediate BIM or system training) CDE, FM, software based training. 
For the consistency, you would then say; All systems are applicable (Advanced training on most systems, i.e. 
CDE, FM). Normally every people in every row would need to know how to use these systems for a Level 2 BIM 
project, but they’d learn the systems are applicable, yeah we’re doing that. All systems are applicable to their 
role.  
18:00_28:00- P5: So for the next one, we had Procurement route. So for the strategic level, this was how it 
was mentioned. P1: So would this be really relevant to the person filling this organisational level? P3: Depends 
on who from the client side would be filling it out. What procurement route they use? Very specific to a 
particular role rather than a particular set of people. P1: So in the public sector, would be, one project manager 
done everything, whereas private sector, you would need to have someone dealing with the procurement 
route and probably isn’t the same person as those. P3: Yeah, so you’re gonna have to tailor it, so that it fits 
both. If you can go back to the Strategic level. P5: Ok, this is what we said for Procurement route. P3: I’m trying 
to think about it…. Ok, so it could be something very simple, like implementing correct procurement route for 
project type. Maybe not correct, could be single. P1: So, if you think, it’s very unlikely that the person would 
be choosing the procurement route, is the person who would be delivering this? Unless I’m thinking about this 
the wrong way. Like, is there other things within the… do we have one on contract type? P5: On the 
implementation level? No we don’t have a contract. P1: Because on the Strategic, it would be the person has 
an understanding about how the route they are taking ahs an effect on how you would then implement BIM, 
whereas in the implementation, this decision would have already been made by the time it gets to this person. 
P3: Yeah I know what you are saying. It’s a tricky one and its difficult to think about it in this way. P5: SO instead 
of procurement, we could have the contracts. P1: Yes, because instead of procurement, is what the type of the 
contract within has more probably an impact on. P3: It can do, it can, In terms of BIM there, the procurement 
route would define it really. Which one we’d pick. What type of project it is? Which one you need better 
implementation. If you implement BIM, like you use the 2 stage design bid build, your contractors would come 
up and use it like stage 3. Because your contractors would come earlier on a stage 2 than stage 3. So its 
repulsive really, you can have both, you can have neither. P1: So, is it about this person’s understanding of how 
each different procurement can impact on a project. P3: My point of view would be that in the strategic level, 
it would be Understanding the procurement route and which one it would be best suited, whereas in the 
implementation one, it would be making sure you’re going in the correct procurement route way, and the 
correct contract way that would go and fit with that contract. But again how would you score that? Because 
from my point of view, you can’t score a 2, but even if you put the right procurement route, then it’s not to do 
with right or wrong. So your 1 could reflect on the strategic (i.e. the client has no idea what relation to BIM any 
of the procurement routes have) So procurement route picked based on traditional methods. The 2nd one could 
be; awareness of Level 2 BIM but wrong procurement route chosen to enable it. 3rd one would be aware and 
chosen the right procurement route so you can include it and even measure it. So if you use it in a metric 
system, then the clients could go yeah procurement route is pretty wrong, you start again. P1: Yeah. I suppose 
if they didn’t already know that is does affect it, then it makes them think about it. P3: Especially, if it’s a public 
sector, it might get them to think about it for the next live project, so you would go, you realise how the 
procurement route may impact on BIM in a project wouldn’t you? The next one might go and say enable this, 
this, this and so on. They would probably be aware of the traditional methods they would use. P5: So here, 
instead of awareness, we can say awareness and. P3: You would say awareness of Level 2 BIM process and 
procurement route chosen to enable BIM. Otherwise, you would have to scrap it completely, because there is 
no other way, you can go about it. It’s a bit a woolly one. P1: Yeah. I think it shouldn’t be included here.  
28:00_31:00- P5: So for the next one, we had Information Requirement (EIR). So, again we had this in the 
Strategic level over here, and this was how we described it and put its maturity descriptors. P3: Ok, so in the 
Implementation, they know that AIR produced EIR basic template. P5: So Ok we would change the description 
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here, and the maturity as well. P3: So for the maturity one, you would basically say for the 1st one; No EIRs 
presented, the 2nd one; Basic template and external procured EIR, and final one; Fully developed EIRs in the 
AIR. You can put in the final one an example like Asset register.  
31:00_35:00- P5: So, now moving on to the next Top metric; what I mean by Processes here is; (Defining project 
needs to identify project requirements to achieve level 2 BIM). So what forms and so on. So some came from 
that checklist. So Information management documentation, is all under pre and post contract, PIP. It’s all in 
this section. P3: Ok, so this would overlap with your EIR really, because part of these things are part of the EIR. 
SO your pre-contract BEP, post-contract is not relevant to client. Your pre-contract might be developed 
internally, if it is. Your responsibility matrix is not really pre-contract, BEP, so as your Project Implementation 
Plan (PIP). So Supply Chain capability review, you might provide a template document for that, like the CIC one. 
It solutions might expect to receive that and GSL requirements as well. For this, it’s going to fall similar to the 
EIR really, these things on present, or no EIRs, pre contract BEP, and after that is predefined. P5: So this would 
be duplicating this, or it’s kind of similar. P3: your EIR, is essentially your Information Management document 
really. Your BEP is how your going to do it. Your EIR outline how you want it done, because its pretty much as 
far as you can get with the client.  P5: So, I’ll remove it or highlight it for review, but I guess it would be 
removed.  
31:00_47:00- P5: So the next one is BIM uses. So this is more like the BEP. So we can say similar to the EIRs, 
that No BEP is presented. P3: Your BIM uses is like in your EIR, so the section in the EIR, where the client states 
that these are my BIM uses, and it might be like a low-medium-high table, something like that, or like priorities 
or just the BIM uses. So for the client, 4D delivery doesn’t matter too much. They might have that in low. So 
high requirement might be COBie uk 2012 output. Medium might be fully coordinated, so this is just an example 
on how it would be. P5: Ok, I got it now. P3: There would be a table like that with all descriptions, so generally 
that’s what your uses would look like. So for the descriptors, you would get no present EIRs, present an EIR but 
kind of woolly, full understanding of what BIM uses are and what client requires table clearly defined and 
expectations of AIR and so on. The BIM uses should be in the EIR and the BEP should respond to it. So if you 
have a list of 20 BIM uses that you want on a project, a contractor might pick 4, and say we would do those 4 
on a project, and these 6 we can’t achieve. P5: So we could change this BIM uses. P3: No BIM uses is a good 
one, you would need it. P5: Ok, but it would go under the Employer’s requirement top metric, isn’t it? Not 
under the processes? Because you said it’s pretty much related to the EIRs. P3: But your EIR defines your 
processes, so you can’t differentiate them. The EIR would outline the processes that the clients would want to 
do on a project as well as standards, you can use all that kind of stuff.  P5: So in the ER we said stakeholder 
needs, whereas in the process, we said project needs. P3: Your table in the BIM uses might differ for each 
project. You might want different things on each project. So, for example, if you are doing a 3 storey building, 
and then your doing a 20 storey building, the chances of a client wanting to do a 4D on a 3 storey building is 
higher than this of the 20 storey building, because its more to plan and more to get accurate than the other. 
So the BIM uses might be on one project, but not the other, and the table might change and go back and forth. 
So the BIM uses on a live project is really important, because if you didn’t have it, for a client and you didn’t 
put it in there, then your contractor would go, ok I’m not delivering on this. I’ll do the basic stuff, why I have to 
do one contract to produce COBie. P1: So this is about the client knowing what it needs to ask for and not going 
over stuff. P3: Yeah, so basically, the client knows what aspects of BIM they want to implement on a project, 
which one’s are necessary to implement, so some would be necessary and some won’t. Some would be 
relevant and other won’t. So, for example, a lot of clients admit that they don’t ask for 5D (for costing) because 
they know they contract they can’t do it, or the contracts are set for it, so that’s one aspect to understand the 
industry, the other aspect is understanding their business needs and how BIM helps them out, “so the score 
for this would be; 1st one who understands what BIM uses are being implemented”, so if they do, the 2nd one 
would be; are they putting any of them in the document, and if they do, because it’s an efficient one. How they 
are changing project by project basis. And the final one would be there is a full understanding there is the table 
somewhere that clearly defines where they are asking for the right stuff… It’s the same when we say to a client 
and turns around to you and says; I want COBie, BIM uses you can turn around and say I want BIM, and the 
overall spectrum of that is; I want COBie, I want the floors to be staged here and locations on 2D….half length 
width type and have an asset, I want to have a warranty information, that is a lot different than asking for 
COBie, BIM uses you’ve got to think about it the same, if you’re gonna ask for BIM, you will get what they want, 
whereas if your asking for specific uses then to be implemented on a project then to score against and have a 
metrics against. P1: So could it be that the highest score on this to be that the clients have a standardised 
requirements that relate to what kind of building they are getting. P3: Yeah, so for example if it’s a school 
project, then they would have a different standardised set of BIM uses. P5: So, I think we would need to change 
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the description here since it’s not matching to what is being discussed here.  P3: Yeah, so even there you’ve 
got an example of what might be in a table, so primary and secondary would be primary and secondary uses, 
so you can put level of BIM uses expected to be achieved on a specific project, not necessary primary and 
secondary, because you would get into a table, where normally it’s a 3 case system. These are what we require, 
these we would like to introduce, these we are not asking for, but if you do it would be nice. P5: So, I would 
change it to this, and for the maturity level descriptor, I would put it similar to the previous one. P3: Here, you 
would write; No BIM uses are outlined. P1: in the end of the day it’s a government initiative to deliver level 2 
BIM isn’t it, so its how they would go about to deliver a Level 2 BIM project in the end of the day. P3: Not all 
clients understand Level 2 BIM, even some people don’t understand it, so for example, our design manager 
said we haven’t really done BIM on this project, because we don’t have this as level 2 BIM system requires, but 
I say no we have because the clients require to do these things, these 6 BIM uses, whether on more superior 
project is to do 25. So, it’s still level 2 BIM. P5: it’s still level 2 BIM. P3: Your still doing principles of Level 2 BIM, 
your still delivering COBie, your still working to BS1192, your still working to a CIC BIM protocol. P5: Yeah, that’s 
right. P3: So the 2nd one would be like P1 said; BIM uses are outlined but not tailored for specific projects. So 
the generic BIM uses, and the final one would be; BIM uses are outlined and tailored for specific projects (i.e. 
school projects). P5: Yeah, so the different types of projects. P3: Yes, because that’s they way your gonna differ 
for each level.  
47:00_1:05:00- P5: So the next one is Supplier assessment form. But before we get into this, if you have an 
example of maybe a BIM document or something that I can have a look at. P3: Yes, I have an example for an 
EIR that I could share with you. So this would give you a good idea on what an EIR looks like. Because at uni, 
I know its more of a theoretical stuff. So you would probably knows what an EIR is, but don’t have a clue on 
what it looks like. It’s not very useful when you get into the working practice. P5: I guess this is where the gap 
lies P3: Yes, Because you would need to know how to write and review an EIR, if your in the working practice, 
in an architectural firm, structural company, etc… you need to know what should be in there, and what 
should be not missing, and what is missing. If you don’t know what’s in there and what’s missing it’s a risk, 
if you don’t understand the EIR it’s a risk. If you know what an EIR is, then great, but if you don’t know what’s 
in it, or understand it then it won’t do good to anyone. So you would probably know what BIM uses, 4D, 5D 
loosely are, but you won’t know how to apply it. So the university are kind of in the strategic lievel, they know 
what it is, but we are in the Implementation level where we know how to apply it, so there is a massive distance 
where the universities are not passing this knowledge to bridge this gap. So instead of your gap being a little 
bit, so a little bit corporate training, little bit 1, 2, 3 positioning where you want to learn it. Then you’re here, 
the gap is closed. But instead you got into a company and there is a massive gap of knowledge, and this is a 
fact. SO there is a disparity between the uni and industry of what you think you know and what you actually 
know. P5: So do you know where could someone get the necessary training on how it is being used. P3: I think 
the certified programs and certificates would be similar to a masters program, and the professional one would 
be more advanced and somehow related to industry. The Uni should give some kind of a month release, where 
they link you to companies to bridge this gap from theoretical knowledge to the practical. P5: Something like 
the Knowledge Transfer Partnership (KTP). P3: What is it? P5: transferring knowledge into practice. P3: Yeah 
something like that. P3: So like this work you have a broad understanding of it, but when you take it to practice 
and on how to measure the metrics, then you don’t have a full understanding of the processes, because you 
haven’t done or reviewed an EIR, it’s very difficult to get that content you know what I mean. P1: We’ve got a 
few minutes left. P5: So getting back to this, this one is for the supply chain. So, it’s kind of the forms that the 
supply chain use for the usage of the projects so for the assessment forms, it was more for the supply chain. 
P3: It’s a bit of a difficult one this, because you can put none produced, some produced, and produced and 
being implemented. Like the industry you don’t want to be diverting away from the supply chain forms really. 
They could use because they know what they need to put in there. So do they know what PAS1192 is, have to 
respond to an EIR to a project, and having produced a BEP, and then your individual supply chain assessment 
forms, like your type B project specific you use these type of documents and processes. Most construction 
companies have that, the CIC don’t have the individual assessment forms. I don’t know if that’s the route you 
want to go down with. Of a client producing an assessment form to assess the individual rather than the 
company. P5: Yeah the individual. P3: Because here you have 2 types of assessment forms, the individual and 
the company. P5: Ok, so since there are 2 ways this happens, so for the implementation level, it could be for 
the individual, and for the strategic level, could be for the company, or even in the operational level. I don’t 
know. P3: You’re not assessing if they understand it, but you’re assessing if they can deliver it. So the 
understanding is more strategic, but here it’s the deliverable. P5: Oh yes, that’s true. P3: So here you can say; 
Supplier BIM assessment forms completed by companies to demonstrate BIM competence. A lot of your 
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metrics will be similar to this, you know. So for the maturity descriptor it could go by; No supply chain forms 
carried out or completed, then the 2nd one could be; externally procured, but I don’t know if the CIC has got 
an individual assessment forms, but they might produce something in the future, so might be using someone 
elses. Kind of the public sector ones, then the final one would be; Client own tailored supply assessments 
produced and being reviewed. A lot of these metrics would be the same, because it’s like what these people 
may measure. P1: So you would have to word it in a way where it might sound simple and specific, in a way 
that how they can improve this. So yeah, they might externally procure the stuff, by doing this stuff, so maybe 
that’s not the best way to word it. P3: So you can have it like externally procuring your supply chain but working 
on producing your own, and then the final one would be got our won supply chain forms and this is it. P5: Ooh 
ok. So yeah this how it could look like. P1: So, produce like standardised supply chain assessment forms. P3: So 
generally it’s like a technical competency. P1: So, it could go like for the 2nd one, Understanding the need of 
assessment forms but not in place, and the final one would be; Supply chain forms issued, being corrected 
and is completed.  
1:05:00_1:11:00- P5: So the next one is Implementation Plan (PIP). It is to support the BEP, but I don’t know 
now if it’s for the BEP or for the EIRs, so yeah instead of the BEP, it would be for the EIR. P1: So, what is 
Implementation plan kind of data look like? P3: So, it’s a plan of how you will implement the data and that kind 
of stuff, methods, procedures to implement BIM on projects. your PIP is how you pull it all together. So it’s 
outlining this is what you are going to do. This is how we’re going to do it. This is the procedures we will use or 
data we would produce. So PIP would include model federated process, exporting COBie output process, 
explaning that. So your standards and procedures like this what you’re gonna use in the PIP, is like how you’re 
gonna do it. So what you will do, how you will do, and where will you do it. So what you get, is more probably 
in your EIRs, so it’s not in the BEP. EIRs state this is what we want from you, but we’re not bothered on how 
you would do it, as long as we get this end product, which could be COBie, or Asset Information Model, or this 
is what we want from you, this is what we want you to do, and the PIP is how they are going to do it, from that 
we’re producing that, and from that we’re producing this. P5: Oh, so it’s more a BEP side.  P3: Yes, it’s more a 
BEP side. P1: So, it’s like having a standardised procedures close to be able to deliver what you essentially word 
into your EIR. P3: Yes, so it is something that the client may want something different to what you normally 
expect, or something that you have not done before. So it might be a case of PIP in a project you’re doing what 
your doing, in a processes and procedures. So it’s not like a COBie production, where people would know how 
they are going to get that information and data from and how they will deliver it. P1: So, we can’t really do like, 
no procedures in place, some, and standardised procedures for this one. P5: In here? P3: I don’t think you 
would really need it here, unless the clients you had a PIP section in the EIR where it states that you’d expect 
to outline this, we’d expect you to produce a PIP. But then the metric would be different way. P1: I think your 
right, because if you already specified what you want, then you don’t have to care how it’s done. It’s not really 
the clients concern or how it’s delivered. P3: No, it’s not really how they will restrict you to a certain way. 
Because you might already know that doing that specific outputs, so they might say we want you to use Syncro 
to do 4D tracking, but it might come in a better way than you choosing software. So you see what I mean. So 
it’s a difficult one. Maybe you can remove that one since it’s not really relevant here. Because I’m not sure 
how you would include that.   
1:11:00_1:16:00- P5: So the next one is Execution Plan (BEP). P3: your metrics is gonna be similar to the 
previous ones. P5: So No, Basic and full. P3: You could relate the PIP to the Client’s BEP, looking it at that way. 
P5: Ooh, ok. P3: So, in between brackets you can put PIP, which is the standard procedures, P5: What is SMP? 
P3: Standards Methods procedures (SMP).  
1:16:00_1:17:00- P5: So the next Top metric is Delivery, which is (Setting out all deliverables that are required 
from the team members to achieve Level 2 BIM). So, again this came out of the checklist. P3: I think this 
checklist is not very good. It’s not for the client side. P5: Yeah, because at that time, we didn’t specify that its 
for the client side.  
1:17:00_1:23:00-P3: So your MIDP and TIDP are generally 1 document, so you won’t split them up. So let’s say 
this is excel spreadsheet and the tabs down here, so your MIDP would be a big full list of tasks and all the 
documents and information that you’re going to receive on a project on specific stages. And that list is a by 
product of each TIDP. So that TIDP could be for your architecture saying what they are producing, might be 
TIDP from this company, or from another company doing MEP and so they would all feed into that. So they are 
not generally like separate documents. P5: So it’s all under one the Master MIDP, and TIDP is all they feed into 
the MIDP. P3: So I would just merge it, and put MIDP and TIDP. Because you can’t have one without the other. 
You can have a MIDP without a TIDP, which would be a MPDT. So it’s like you can’t have a BEP without an EIR. 
P5: So I said Level of MIDP to be accomplished for the delivery stage, so now I can include the TIDP and add to 
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the description and say in the end for the delivery stage of the MIDP. P3: Yeah you need to change the 
description. Again, it’s not easy this, because its if you are working towards producing a standard template, so 
I don’t know how you’d word that one. So the first one would be; No MIDP / TIDP document presented, and 
your 2nd one would be; externally procured because or basic template. And final one could be having a 
comprehensive MIDP. So you still got template, because your basic one might be company name delivery data, 
whereas your comprehensive one would be company title, day, who produce this information, what size and 
scale it’s in. What delivery dates you’re going to get, so you agreed to dates. So it could get more complex to 
fit on purpose.   
1:23:00_1:30:00- P5: So the next one was Responsibility Matrix (RM), so it’s actually for both, MIDP and TIDP. 
The discussions we had at that time. There isn’t something specific, it was during the general discussions we 
had. P3: Oh, during your masters, so it’s completely wrong. P5: So, it’s under EIR. P3: I’ll tell you why, so the 
RM is related necessarily to MIDP and TIDP. There is stuff in here that relates to procedures. P5: So, it might 
have been a mistake at that time, so I think it should be moved up here to the Information requirement, so 
what do you think? P3: It could fit here and there, because it would outline your process anyways, they say 
who is responsible for doing this in process anyways. How have you done this, who is responsible for this and 
so on and so forth, so it is a process that as far we put it. You’re putting it under Delivery? P5: Yeah, here. P3: 
It can fall under here because your RM is setting out who does what, and at what stages so how you would 
deliver it. SO I think you would leave it where it is. But just change your description to the RM. P5: Ok, so I 
would change the description. P3: I think the CIC has got a Standard Responsibility Matrix, which you can have 
a look at, because CIC produce one. There is one online you can access. It’s basic, but gives you an idea on what 
should the RM contain. P5: Ok, so I would change the description. P3: I think the RM is clearly outlining. P5: 
There was a set of definition here. P3: Yeah, so Responsibility Matrix clearly outlining roles and responses for 
outputs and procedures. Then the descriptors, No, Basic, Fully developed.   
1:30:00_1:32:00- P5: So the next one was Construction Programme (CP), P3: no, I think you would remove it. 
P1: This one could be about to use BIM to enable to be developed in a more defined program. P3: there is a 
different angle that you can go about with this, but we can leave it to the next time to get inputs from P2 and 
P4. It’s an area that I don’t get really heavily involved with.  
1:32:00_1:36:00- P5: So the next one would be easily, for the Top Metric Sharing, and for the sub metrics CDE, 
and Information Exchange. P1: So, this is standardised protocols for standards and drawings. P3: More like 
electronic, filing system, where you got one implemented. Level 2 BIM standards, gateway checks in it, or using 
it internally, or using it just for projects. Because ideally for a CDE, you want everything to be perfect. P5: Ok, 
so its gonna be the same. P3: so the 1st one could be using design team or contractor CDE. So you would say 
CDE supplied by you or others. Because ideally your trying to say that you should provide it. SO you wanna 
work to that. Supplied by another. P1: So, the 1st one is about the files that stored about, because I think that’s 
not the case. P3: I think the 2nd one would be implement CDE or is not BIM enabled. Gatway checks so it’s line 
with the Leevl2 BIM stuff, because if it’s named incorrectly, then it doesn’t get uploaded. So here you can go 
CDE, not BIM enabled, and you can put example of docs and any other data, and the last one could be 
implement or even certified CDE system, P5: it’s BIM enabled. P3: It’s BIM enabled  
1:36:00_1:38:00- P5: So the last one for this workshop, and we’ll leave the FM for the next workshop, so the 
next one would be Information Exchange. It’s very similar to the previous one. P3: So, you’re information 
exchange would be not aware of them and not defined, briefly aware and defined, and then maybe 3 or 4 PLQs 
outlined, and the final one would be clearly defined information exchanges with Tangible PLQ included. So 
your Information Exchange might be nothing, then you might have some PLQs produced in them, so you say is 
all models coordinated. Is there any COBie information in them, so on and so forth, and then your deliverables 
might be COBie, IFC, stuff like that. Eventually revolve a full list of documents requirements and the purposes 
of them, and the purpose for each document produced is the information exchange that evolves around, 
sometimes clients don’t know why you’re doing the information exchange, what they relate to, or what their 
purpose are.  
1:38:00_1:42:00- P1: So I think we will have to stop here. P3: So now you get an idea on how it is, so you can 
probably fill out that one yourself. Have a look at the documents I gave you so you can have an idea what an 
EIR is, and what the RM is. We can go through it and have a discussion on them the next meeting. P5: Yes, I 
will continue with filling and adjusting them out and publish it online for everyone, then the next workshop we 
would review them quickly with the other members and update the areas we left and finalise the whole 
organisational level, so thank you both for your time today and I shall see you in the next workshop. 
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Focus group workshop notes for Operational level workshops 6 and 7:  
 

0:00_10:00- P5: The discussion in this workshop would revolve around the last organisational level 
(Operational Level) and populating it where necessary similar to the previous 2 levels. In this organisational 
level, there are a set of duplicates that exist between the parameters here and those in the 2 previous levels, 
and so I have printed off the completed Strategic and Implementation levels. 
10:00_12:00- P2: This is targeted to which audience? P5: This is set to target the Project managers. This 
assessment is initially designed technically to be filled out by stakeholders with the expertise on the 
Operational stuff and working on the projects. P2 Question to P3: Would this fit the design managers? P3: 
from the client side, I am not sure to be honest. But I guess it won’t fit. P2: I agree, this would best fit with the 
project managers.  
12:00_21:00- P5: Elements of the Level 2 BIM metrics emerged from the checklist that was provided during 
the previous study. Definition to Capital Delivery as a Top Metric was provided, and a discussion on the 1st 
Capital delivery sub metric (3d-6D inputs). P2: What would be the maturity level? P5: As shown in the maturity 
descriptors; 1st would be some understanding of the 3D-6D inputs without application, 2nd would be partial 
application, and last would be full application. P2: What I am thinking, is that not all projects would have 3D- 
6D inputs in them, would that matter for the maturity level? P5: It wouldn’t matter, and they would be placed 
all together. I am not sure if we would break down the inputs separately (3D, 4D, 5D, and 6D) or have them all 
together? P3: If you would separate them, then the scoring would differ, so one of them would be low and the 
other would be high. I would place a caveat that says that the scoring would not depend on having them all 
together, and it would be on all together not on each one separate. This would be ensuring that they would be 
used on the projects. P2: what would then be the 3-level maturity level? Would it be that 1st: Identifying and 
being using it, because what do you want to measure? Is it how do you use those? P5: Yes exactly. Previously 
the descriptors were given as: No, Basic, Full. For now, it can go as: Having a basic understanding of the 3D-6D 
inputs? P3: You could have, because it’s a Client side, whose completing it, because if it’s the client filling it 
out, depending on what the contractor has done in the end of the project, then your metrics would be slightly 
different. Because you can have at the end of the project, you list the KPIs (3D-6D) in wanting them all, then 
you can put (I didn’t try it) (I tried it but it wasn’t successful) (I tried and it was well implemented). It depends 
on who is filling it out, because that’s how I would do it. Client scoring based on the contract, but I’m not sure 
if it’s for the client to fill out and say yes, we’ve done it on this project and we’ve achieved it and it’s slightly 
different. P2: Yes, but I assume if it’s a project manager who’s filling it in a BIM or a NON BIM project, then you 
could say; 3D and explain more. P5: We could say Usage and achieving 3D – 6D elements in projects as the 
essence of descriptor. P2: For the maturity level, the 1st one would be: Simply identified 3D-6D elements, but 
not fully followed. P2 and P3: 2nd: Identified but not used in a certain degree over projects, and 3rd: Identified 
and used in multiple projects.  
21:00_28:00- P5: 2nd Sub metric is Component drawings. So this is related to the drawings that come from the 
3D-6D inputs. P2: Do you want to say that the component drawings are coming from the inputs. P3: Driven. 
P2: Instead of component drawings, would you use Automated 2D CAD drawing production? Or use of the BIM 
models for production or drawings driven by the 3D model something like that? Component is more like a 
component P3: An air handling unit. You can even call them shop drawings or design intent drawings. P2: What 
we want to say is, you have the model in revit, you got the drawing from it and then you increase the level of 
details if we need for that specific area of the drawing. But if you change the model, then it would reflect on 
the others. So you can say Automated 2D, or you can say model 2D drawing driven by 3D model. P5: The 
naming convention of Automated 2D could be kept as it is, and then in the description we could say P2: Use of 
3D BIM model for production of 2D drawings? P3: Except the schematics so they never come out in those. P5: 
What would we say in the 3 level descriptors? P2: Is that relevant for the clients? P3: We have clients in our 
projects that are involved with this. There are representatives. Like an e-consultant. P2: Because we are 
measuring the level of maturity of the client team, so we need to be careful on what we are saying here in 
terms of the levels. P3: This is not going in the same direction. P2: This is more technical. P3: To measure the 
maturity of the client wouldn’t this do with the ability to check if the drawings are driven from there and if they 
are getting the information rather than them being there. I don’t think the client would care about that. Maybe 
if they use it 10 year down the line then wouldn’t get some plans out of it. Start, designing and extension of 
the building and stuff like that. P2: If they have the model, then they can extract the data point in time. P2 and 
P3: We don’t know or think this would be relevant for the client, and thus it would be removed from the 
spreadsheet. P2: It doesn’t matter whether this is executed from a drawing or a model, because this would be 
delivered to the client in a PDF format or a print off in whatever way it was designed.  
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28:00_37:00- P5: the next sub metric would be Level of Details (LoD) you will find that they are all pretty much 
linked together. for the 3 levels we can say they are aware. P2: They are aware of the level of details, or could 
be that for this 1st one; they have a basic / or no level of understanding that is relevant for the projects. That is 
relevant or appropriate for the project. P3: Is this the way your thinking of going with it? P5: Yes. P2: The next 
one could be a good understanding level of details and basic ability to check it, P3: I think checking is more 
important for this, and getting what they are paid for. P2: and basic ability to check, so they can open and 
visualise models. P3: you can put it in that way (visual checks) i.e. can spin around the model and see how the 
model works and its like floating in the air, that’s not correct and there’s no and missed details around it like 
LoD 500, and then you find a full understanding around the LoD 500, and the model presented in the end of 
the day how it would look like. P2: So it could be that they don’t need the LoD 500 that they could be well 
maintaining this model and LoD that they need it. So it’s not that the LoD needs to be high, but its their 
understanding on the LoD needs to be high. So they can say; Can you please include high level of details for 
this and that element because I need that one. P5: The final level we say that there is a full understanding. P2 
and P3: Yes. P2: and you can say the capabilities to use and visualise the models. P3: The last one you want to 
put there is check the data. P2: but because he is saying level of details 4D and development so this would be 
just the graphical. P3: Oh is it just the details. P2 and P5: Yes. P3 to P5: Have you got another section for Level 
of Information (LoI) or have you got just LoD? P5: Just LoD. P3: Because LoI is important to the client, so if you 
ask me, you’ve got the wrong one. P2: So maybe if you put LoD and LoI? P3: You can put Level of Development 
(LoD) and then in the description you specify it by saying; The ability to check if the level of Details and 
Information are set up. P2: Because you are not looking just at the graphical side of it. P3: Change Details to 
Development. P2: In the description put Level of Development, then (Level of Details and LoI). P5: We did talk 
about this in the Implementation level. P3: If you can go back to the Implementation level. P2: Yes we talked 
about it in the MPDT (detailing LoDetails and LOI). P3: There in the implementation level they are producing 
the MPDT but they got to know what that actually means. It is MPDT you go and produce that, you got 
architects and contractors who are producing that, who still don’t understand what this is. They need to know 
how to check it to make sure they are getting what they are asking for. P2: In the description there, you can 
link it back to the previous one (MPDT) if you want. So you can say; The ability to check if the level of Details 
and Information are set up as stated in the MPDT. Because this is what the clients think and they are asking 
how are they checking that.  
37:00_38:30- P5: The next one is File transfer standards, so this is like the IFC and file transferring standards. 
P3: Is this to do with like what to ask for or where you are going with file transfers? P5: so transfer from CAD 
to revit to IFC and so on. P2: CDE, sorry to interrupt. P3: We have on previous slides haven’t we? P5: Here in 
COBie. P2 and P3: NO CDE. P5: Oh sorry, CDE, yes we had it previously in the Implementation level. P3: I don’t 
think it is relevant to have File transfer standards, so I think it should be removed. P2: I agree, and that’s what 
I asked about the CDE, because I was thinking about the information exchange transfer. P3: They don’t need 
to know how or why or what format because formats would be coming up elsewhere. Generally everyone 
knows what file transfers are used. So they would need IFC and excel that’s all what they need, they might 
need if they got plan, then picksheet or COBie, so I think its not relevant. 
38:30_58:00- P5: So then the next one is Project reviews. P3 to P5: Is this like gateway reviews? So do you 
know what it is? P5: No. P3: so during a project, you’ll have data drops. So at a certain stage you will have a 
data drop that will hand over a specific information. Is it to do with previewing the information and handing it 
over or is it reviewing the whole project? P2: Is it relevant for BIM? Project reviews. P3: gateway reviews is, 
Project reviews isn’t. P5: So maybe in the description I can write gateway, so I keep Project reviews and I include 
gateway reviews in the description. P2: Yes, so you can write Project reviews in specified gateway intervals 
defined within a project. P3: Yes, specify gateway intervals. To be fair, its quite important because then you 
need to know like what they are asking for in certain stages and what that looks like. It’s not always easy. You’ll 
have your PLQ’s feed into it. P5: So, in the maturity descriptors we can say in the 1st one; there is some 
understanding of the reviews but not using them. P2: Basic understanding of the client role. P3: For the 
gateway reviews in stages 1, 2, and 3 you’d have a lead designer who would check that information and 
approve it and pass it to the client for them to understand what to do with it and to do checks and see if they 
are happen with it, and if not then they send it back to get it reviewed. So the way to go with this, is they need 
to understand it because the contractors and lead designer would need to check it, and then it doesn’t mean 
they would approve it. So they’ve got to see and say yes we are happy with the information that is given from 
the contractor, so move on to the next step. P2: The other thing is that in a certain gateway, it could be that 
it’s not just the approval that the client would need, it could be that for every stage, we need the client to issue 
their asset register or list and how they want to name it on their projects, so they have responsibilities on those 
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gateways. So if they understand their roles and responsibilities is on each of the gateways, so there could be a 
basic understanding of the gateways. P3: So not all of them need direction, some of them your giving them 
information and so others won’t need direction. P2: and they get the handover and they say, OOOH, but I don’t 
want this, but it’s too late. P3: Because you didn’t ask what you wanted before, but you’ve asked about this. 
P2: so you can say the basic understanding of the roles and responsibilities for the clients on the gateway 
reviews. The next one could be; Good understanding of the roles and responsibility and acknowledging the 
clients on the gateway reviews to be applied. P3: The last one would be; Clients carrying out responsibilities 
on the gateway reviews. P3: Out of curiosity, did they teach you these things at uni? P5: Yes, we learn the 
theoretical aspects of this, but not the practical P3: I think you need to know both the theory and practice. P2: 
There has been ways to link both together at the uni. Through guest lectures who come to deliver the lectures. 
But you don’t get the practical work on it, because COBie is a perfect example. So I had to learn it through a 
real project myself not through uni. P3: You can learn it, because previous interviews with colleagues they had 
the knowledge about it, but if i was to hand out the 
information without a title on it, would they know what it is? Probably not. So I would be concerned about 
this.  
58:00_1:05:00- P5: So then the next one is Lifecycle Analysis. So examples to this is structural, acquistics, so 
some analysis being attempted. So instead of having each one separate, this was to group them all under a 
single name (Lifecycle) and this would be the examples to it.  P3: so you don’t mean lifecycle analysis itself, but 
rather the overall analysis of modelling, daylight simulations and things like that. P5: We can change this. P3: 
So definitely you would need a new term for this, because lifecycle analysis is its own thing, which is 6D and is 
covered already. P2: the analysis here are more related to the project, and it’s not going to measure the 
maturity of BIM. For example, you can have writing analysis and you may not be using it for a model. So it’s 
not going to be relevant for the maturity of BIM, whereas lifecycle is relevant. P5: It is covered already 
previously. P2: because previously that’s 6D (Lifecycle) and not the analysis, so in this case the analysis would 
be how the client would then keep that model live for example. Keep the model live and use the 6D data for 
the lifecycle of the building in a way. So it could go in that direction with the lifecycle. P5: Yes previously that’s 
what we’ve said, but now this is what it could be. P2: The lifecycle of the building itself or the model how they 
will get that information that they will receive and keep that across the lifecycle of the building. SO initially you 
can say that; we don’t have the capability to measure or operate the building using the model. The next one 
could be they can use that but its not integrated to the system and fully integrated. So they can manage the 
lifecycle of the building using the BIM model as a baseline. That could be made available for the FM team or 
contractor whether they understand what they need. 
1:05:00_1:13:00- P5: So then the next one is Modelling Simulations, which was pretty much similar to the 
previous one and taken out from the checklist. So simulations being prepared. So it’s very similar to the 
previous one. After it was Project Information Model (PIM) exchanges. We had this previously in the 
Implementation plan, but then it was removed. P2: here you’re talking about the level of model definitions 
which we just mentioned before in the LoD and LoI. So previously its about checking the model, but this is what 
you want to see here. So its kind of you can merge both modelling simulations and PIM together, I think they 
are overlapping somehow. P3: Yeah, I would merge them both together, because I think the descriptors you 
got there are originally good, but it is covered by the LoD and the LoI. They are always covered by the gateway 
checks. Part of the handing over gateway checks. So they can be merged together. So you can remove 
modelling simulations, and merge its description to the PIM. P5: So we would remove modelling simulations 
and then going back to the descriptors of LoD and project reviews, we can see how we can tailor the descriptors 
to the PIM. P3: Yeah, so in the PIM, you could say; Model definition expected in brief, concept, definition, 
design. Probably we’ll add more stuff here, I’ll just type it in for you. Because I guess you’ve got asset 
information model and an as built model for this somewhere else. P5: No I don’t have an As built model. P3: 
so you can add another row there, replace modelling simulations with As built model. Then for the descriptors 
you can say; As built model expected to be reviewed for the projects attempted in organisations. I will type 
in for you what the maturity level descriptors would be. P5: Yes, that makes more sense now. P3: Then for the 
PIM you can add in the descriptor; design, build and commission, handover and closeout, operation and in 
use stages. I will type in for you what the maturity level descriptors would be here.  
1:13:00_1:16:00- P5: Ok, so that’s Capital Delivery done here, so the next top metric was Facilities 
Management. And under there we have 9 sub metrics. P2 and P3: Oh wow. P5: Yes, this was the most metric 
with sub metrics here, but offcourse it could changed and be reduced. So the 1st sub metric here is Manuals. 
P3: What do you mean by Manuals? Oh’ im conscious of time. P5: It is meant by the asset information model, 
I took it from the checklist, and then I have Information Delivery (AIM) which is related to the asset 
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management system. P2: See, I think AIM is more relevant and needed here, but I think manuals is not that 
important. P3: Yes, I agree. P2: So I think you can remove Manuals and maybe merge its descriptor to the AIM. 
P5: Yes that’s fine, so that’s the descriptor of manuals. P2 and P3: Yes, so you can take that descriptor and 
tailor it here, and the descriptor for the AIM could go as; Operational and Maintenance data for an Asset 
Information Model. P2: that would cover manuals and therefore, you won’t need it. And for the maturity level 
descriptors, it could be the 1st one; Basic understanding of AIM but not aware what needs to eb done for the 
data. I’ll type it for you the 2 others.  
1:16:00_1:18:00- P5: Ok, so the next one was FM and OM use, and this is how we described it. P3: I don’t think 
this is relevant and you would not need it, so remove it. P2: Yes, I agree, I think this is not relevant for measuring 
the maturity level and you can remove it from here. 
1:18:00_1:22:00- P5: Ok, so the next one was COBie data. This offcourse is a major one and should be there. 
P2 and P3: Yes definitely you need it here, and we wonder how people will measure themselves with this. P3: 
I really wonder, because a lot of people get it wrong with the COBie data, and sometimes they don’t understand 
or know how to use it. So you might be getting low scores on this one. P2: Yes, some people struggle with 
COBie. P5: Ok, so thios was the descriptor for COBie. P3: I think you can tailor it a little by saying that; COBie 
data requirements and reviews expected to be handed over for an asset model. That would make it easier 
and clear to understand COBie. P5: Ok, so that would mean we need to change the maturity descriptors. P2: 
Yes, so the 1st one would be basic understanding but not aware what needs to be done. 2nd would could be; 
Good understanding and using it in the basic level, but not fully integrated in the system. So they extract 
some information from that, or they can set up some kind of filtering the data from the spreadsheet when they 
need to maintain this and that. So they are using it but it’s not fully integrated with their system. The final one 
would be; Fully understanding the COBie scheme and full capability to integrate the asset data into the 
operation and maintenance process. P3: Yes, I agree with that. P2: because it could mean they don’t have a 
system but they still could be using the process.  
1:22:00_1:34:00- P5: Ok, so the next one was Asset reviews. This is pretty much close to the asset information 
model. So maybe we can just remove it. P2 and P3: Yeah we think so. So the next one was Handover 
requirements (GSL). P2: The soft landings could be related to BIM. But could also be an additional exercise. So 
I don’t know if it will measure the BIM capabilities by including the soft landings. We had projects that had the 
handover soft landings, and they were not BIM projects. P5 to P2: Ok, so what your saying is we might not be 
able to measure the BIM capability on the GSL, is that what your saying? P2: Yes, but if they score high, it would 
be a good thing, but if they score low, then it would be a bad thing. P5: So jumping on, I had FM training here, 
which I had previously in the Implementation level. So I can take the same description and add it here. P2 to 
P5: What was the description on the previous one? P5: What was the description in the previous one? P5: Here 
you go. We said no internal or staff on facilities management and no full training plan created. P2: How that 
relates to BIM? P5: Because this is close to the level 2 education and training, so we had it in the Strategic level. 
P2: Let’s say for example, I’m a city council and they don’t operate their buildings they gather a manager and 
contractor to operate their buildings. How would it be relevant for them to get the Facilities Training? P5: If 
they don’t know how to do the FM, so they would require to have some training to get a better understanding 
on how the FM is done. P2: but how would this be linked back to BIM? Because I think its not really related to 
BIM. Level of training on the facilities management process operating in BIM, then this would be linked with 
BIM. P5: Oh ok so adding BIM would make it related then. P2: Yes, because FM training is related to FM, so its 
not necessarily related to BIM. I know where you are coming from, which is to be able to fully understand BIM 
and do that on practice, but it is related to FM without BIM. P5: So I would have to go back in the previous 
level, and include BIM in the FM training description. P3: We already had that before, didn’t we? P5: Yes, we 
had it with Level 2 education and training in the strategic level. P3: We already covered it somehow in that 
descriptor, but if you want to add CaFM then that’s fine, it would cover FM. So if that’s not the case and you 
wanna stick with Level 2, then you can remove the FM from here and the Implementation level, because in 
theory you’ve got most of the stuff in the strategic and Implementation, but in the Operational, should be very 
few things really. P2: Operational level, if you had that in strategic level, it would be something like deploying 
or delivering the training. P3: so you’ve had it in the level 2 and the consistency descriptors says it. P5: Ok, so 
we will remove this, and I think we could also remove the last one, GSL champion engagement from here, 
because we already have it in the Strategic level. And we had BIM champions before, and we removed it 
because we had roles and responsibilities. P3: Yeah I think it could be removed, and then you already have 
Post Occupancy Evaluation (POE), which would be important to have in here. What do you mean by Level of 
POE. P5: It’s not Level of, its POE. P2: We have to decide if we are to keep the GSL or not. P3 and P5: Yes we 
would keep it. P3: Because we have a period of 18 months, after care of period that includes BIM as part of it 
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on most projects and part of it would be your evaluation and what has been handed in over. Is it working is it 
right? Is the COBie data given correct? Is it being used properly in the systems. So you’d sit down and get the 
systems working. So is this working? No, then Why? So by the end of your POE period you would have those 
BIM sections covered because your models would be rounded over and working. And the COBie data handed 
over and working. P2: so in this case, leave the Handover requirements (GSL). P3: So, I think what you’ve got 
in there looks fine. P2: Yeah it looks really shaping up well and I would like to see results of that. P3: Would like 
to see results from clients once they start getting it down and stuff. So would you be sending this out. 
Recommendations= P5: Yes, I would meet with the NWCH and decide who are the clients that we would target 
to send this out to and get it filled and reviewed back. P2: I suggest that the best way to test something is to 
give them to fill it out, so for example, if you have 3 different clients filling that out, then not just to score it, 
but to get the feedback of it, to see if they understand this or not. P3: Because some of them may say, you 
need to reword this or this doesn’t make sense so on and so forth. But that’s good, because you want your 
questions to be clear and to be fully understood and for someone to engage with it, and offcourse the 
important part, is what the scores are. So you might get 1s, and some 3s, probably most 2s. P2: I don’t have 
any clients who have a COBie spreadsheet, the only Client that we hand over full level 2 BIM project that they 
are using that in their operations, they ignored the COBie because they are getting data straight from revit. So 
it’s good as a scheme to organise the data. But they forget about COBie. They ask us to name a few fields in 
revit and what they need there. They are using the BIM model, which is what you want to use. But we’ve 
putting effort more into COBie and then suddenly, no more COBie. It took so long for them to get to this point. 
Now the CaFM systems are clever enough to cover up data from revit.  
1:34:00_1:56:00- P5: Ok, so do you think we would need to have the duplicates here? So In collaboration, there 
was collaborative protocols in the strategic level and here. P3: For the Information Requirements, probably, 
because you’d put the post evaluation of whether your contractors have met the information requirements, 
so the client would need to know how to evaluate that, and CDE. We’ve had that elsewhere, P5: Yes in the 
Implementation level.  
P3: so yes, I think you would need to have those both here and remove the other duplicates from there. P2: 
CDE, I would definitely have that here. P3: You would need to have this data stored wouldn’t you? You need 
to know how to check that and whether they are compliant with standards (BS1192).  
1:56:00_2:03:00- P5: We would need to fill for the As built model. P3: for this, it could go as; As built model 
expected to be reviewed for the projects attempted in organisations. I will fill out for you the maturity level 
descriptors. But the 1st 2 levels would be very similar to the PIM description, and the last one would slightly 
change to (As built model reflected on what is being constructed and being able to check and confirm.) Which 
is fairly easy, you get issued the drawings, review the drawings and check to see if that information is the same 
as that in the model. You might have a specific manufacturer there that is handling a unit and you model it. P5: 
I would remove some of the duplicates such as Collaborative protocols, Implementation Plan, Construction 
programme, and Information exchange, and would keep Information requirements and CDE. And this 
concludes the Operational level. So I will fill out the remaining descriptors and adjust the whole level, and share 
it along with everyone on the google drive. So now, we have completed the 3 organisational levels and I would 
go about to meet clients to give this to them to be filled out. If you can have a quick look at the KPIs and tell 
me what do you think about them? P1 and P4 have already agreed to this list, so what do you guys think? P2 
and P3: Yes, we initially agree to the list of KPIs being provided and they could be set as a standardised list for 
linking the KPIs with the BIM metrics. P5: That would be the next step that to give them the organisational 
levels to be scored and see how it would be linked. P3: Yes, it would be interesting to see the scoring of the 
metrics along with the KPI links. P2: Yes I agree as well. P5: Ok, well this is the end of the workshop, and I would 
like to thank you for your participation through the workshops, it was an honour to hold these sessions with 
you, and I would update you with the outcomes of this research as it progresses. P2 and P3: It was nice to work 
and participate with you and good luck with your research.  
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Appendix F: Chapter 7 Additional information on Sample of Interview Transcripts 

Interview Transcripts: A Level 2 BIM Maturity-KPI assessment for UK client sector 
 
Section A: Understanding BIM maturity and KPIs and its impact on the organisational and project needs.  
Organisation and project, what are they currently doing and where do they stand 
 
1) Where does BIM stand in your company in terms of its levels of adoption and Level 2 BIM compliance? 
 
[Interviewee (I1)] = 2 questions here. When it comes to Level of adoption, then it is done in a structured way for the 
last 10 years, and then we fall out to be unstructured, and more of Prototyping type of work. In regards to Level 2 
BIM, from a process point of view; we are doing it for the last 3 – 4 years [1]. From the deliverable of BIM level 2, 
we receive COBie data and this is a lot and is more recent [2]. I don’t think there is any company that could comply 
with Level 2 BIM [3]. I think its project based, its e-projects in time. We drive it on most of our live projects, the way 
we look to implement BIM and digital engineering [4]. Even if it’s not a requirement, then we will still target it on 
our jobs for value towards the business, because we see value [5]. Digital engineering in the company I work for, 
we have 4 key drivers of our unique selling point, and digital engineer is one of the things that enable everything in 
the business [6]. It’s fundamentally we go to work, it is not digital technology and not necessary using the Level 2 
BIM process, but we use digital technologies with models, we see value in everything we do [7].   
 
[Interviewee (I2)] = I would like to say we are fully compliant. From our point of view, we are, but it depends on 
the team we are working with [8]. We can’t deliver compliant COBie for instance if designers or subcontractors are 
not providing BIM information [9]. This is where it gets tricky, we know how to do it, but we must get it by in the full 
team. 
 
[Interviewee (I3)] = An Audit of all the internal projects. Auditing and conducting checks on whether the folders 
and files are BS1192-2 compliant or not [10]. Looking at models themselves and how projects are set up and seeing 
what sort of checks have been done and tools that are being used. 2 sides for auditing projects themselves; data 
and information compliances, and how model is put together [11]. Creation of all the documents required to be 
Level 2 BIM compliance, all the capability assessments, protocols, BIM execution plans template, as well as project 
execution plan template, so if not public sector project, still using the same method of auditing, process and 
procedures for any project [12]. Not necessary having to be a public sector project. Delivering projects to Level 2 
BIM compliance, including COBie-data [13]. But as an Architectural practice, it is required only to set up the COBie 
data fields for what we are responsible for; just 1 element [14]. Definitely compliant to Level 2 BIM [15]. 
 
[Interviewee (I4)] = There is a BIM implementation strategy in my company [16]. It started with the aim to achieve 
BIM level 2, and there are all the strategic and BIM implementation workflows in place and implementing it in our 
projects [17]. We are seeking the delivery of BIM level 2 while having all the processes and documentation in place 
[18]. 
 
[Interviewee (I5)] = In terms of adoption, there are 2 strands to our company. Internally, we have a group of people 
who primarily work on minor work projects, maintenance projects, small scale things [19]. Their brief is to turn 
around the project’s information very quickly. Their brief is not to meet COBie or meet any government initiative, in 
terms of BIM [20]. So that being the case and being more than 50% of the workload that we currently have, we 
haven’t elected to pursue BIM in any great detail [21]. 2 years ago, we had a slightly different strand, 2 major works 
with 32 schools, all which were brand new, although majority of them were being done outside the department and 
some work being done inside, in that point of time we were looking to develop a team of people that would rule 
out BIM as an initiative and standard across the department [22]. Since that program is completed, there has been 
a big change in personnel, and with it some of the experienced staff were gone [23]. So, what we’re left with now 
are just limited number of people (2) who know about BIM, which is not enough to drive forward in an organisation 
this size in a big program [24]. The 2nd strand externally, we have a lot of projects that are design and build, so we 
use the construction hub to go out to contractors and consultants, and where we do impress upon them through 
briefs [25]. We say to them you must provide us with BIM documents to cover Level 2 standards. So, getting projects 
going back, which are starting to be BIM and building upon our BIM library information and experience using, 
manipulating and interrogating BIM models, so in terms of our maturity, we are doing it kind of a 3rd party through 
others [26]. I was asked to produce a strategy document which forecasts some milestones and how long it takes us 
roughly to a position where we could stand on our feet and deliver a full Level 2 BIM project, and I’d say that would 
take 5 years. Because we have to maintain not only our workload, but also this new skillset [27]. There are lots of 
constraints which impact upon us; fees and time being a couple of them [28]. With that in mind, I can put together 
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a report of which has illustrated some of the bottlenecks some of the problems and issues that we’ve got to 
overcome, so we can get to a position that say we can do it [29]. That information that I have obtained from the 
private sector, architects, engineers, we’ve been down already that process, how they developed it and delivered it. 
The difference between them and us is that we are a department of 80 staff, 40 technical staff, we deliver a program 
of an excess of £60M a year where some of these other places are done, so there is a big difference of what we do in 
scale. The 2nd thing is, as we are a small cog, and a large engine, so CMPP are a very small department, housing, 
social services, children services, finance, they are all much bigger than us. They have 1st call on any IT issues and 
resources so they could face a problem, because they face the public, its typical that they would get the resources to 
help resolve it. So, we get a back service [30].  
So, anything we want to implement, in terms of software, getting that computer set up, making sure the network 
is capable of running all these things, takes us a long time. There is a problem with the network, it has been 
upgraded, the servers have been upgraded, but the way it was set up, it wasn’t set up for any graphics to run on any 
program, and as soon as we started putting our BIM models in it, the network is slowing down [31]. We have a limit 
on what we can store on our network servers, so in our research on how we can store data on the cloud somewhere, 
to be secure. This is another strand, which is security. There should be a security strategy in place so any data they 
have on their personal, or building running operation is held securely. So, this impacts on using a CDE, we got to check 
with the supplier where about their servers are, are they somewhere which is reliable, are they in a place where if 
we wanted to change the location of the server, the provider will agree to do so [32]. So, in terms of adoption, part 
of the answer is yes, and part of it is no. So, there is no black and white on this [33]. 
 
[Interviewee (I6)] = BIM is being talked through, it’s part of capital programs aims to implement it more efficiently. 
In the minute its more of overload projects, where we get information on BIM and BIM level 2 [34]. As a council, 
we are nowhere near BIM level 2, so we see ourselves under Level 1 [35]. There is a lot of talking and trying with 
this, they want to employ a BIM manager in the future, as we currently operate with Level 1 [36]. 
 
[Interviewee (I7)] = 15 years framework with Stockport Council. 5-year clause [37]. Awareness of BIM but no 
understanding [38]. Asset managers, FM, M and E, QS and Architects are very limited. Multidisciplinary. We are 
educating the client on BIM, and there is an eager to implement and be compliant with Level 2 BIM according to 
the UK government mandate [39]. They heard about the government mandate on BIM, but there was no strategy 
in place [40]. 
 
[Interviewee (I8)] = It doesn’t, and we are struggling [41]. We’ve not got clear EIRs, we don’t have clear CDE, and 
we’re still doing as it’s something that the contractor should do. We’re just not there. That’s why I said people are 
obsessed with that part [42]. BIM is about the feed for these buildings, it’s about managing them and looking 
forward and looking after them. So, you are building right, so you can manage it right, and maintain right going 
forward [43]. So many people think it’s the 3D, so few people think it’s the value on the future. We haven’t got a 
system that’s capable of managing this [44]. The problem is as you produce these models in an infinite detail, you 
scared that with the IT department, how many amounts of data you need to design and manage the 3D [45]. What 
we need is a download from that, we need to recognise the phases of a project, and we’re just overloaded with 
data, so people are panicking, and nothing is happening [46]. We are not BIM or even Level 2 BIM compliant [47]. 
No EIRs, CDEs, we are struggling with the electronic communications. We are still in the old-fashioned emails, so as 
MCC, we don’t use proper information transfer methods, BIW conject, so we pier it on the contractor versions, we’re 
a lot way short and being capable to run this [48]. That’s not just us, because other councils are struggling with the 
same issue. There is a struggle because you haven’t got the understanding and the real senior levels that this is the 
next stage of investment [49]. If you step aside from BIM for a moment, and look at the IT that we have, is that 
industry leading? No, its miles behind. We talk about flexible working, but we don’t provide a flexible work with a 
telephone that links to mobile working or an instant laptop accessibility [50]. We need to invest in this huge 
strategic piece to use BIM properly, so you need the FM team in, the estate management team, and the built team 
[51]. It comes from us putting them in, but there is this threshold and gap to get over, so we’re just now getting BIM 
3D models with files attached [52]. But where do you put that? How do you run that building on a BIM system, when 
you’ve got another 150 building out? 20 years from now, there will be a shift towards that, but BIM will have 
disappeared in the future. So, there is a huge shift, and it’s because we’re actually building owner and building 
manager that is a reluctance to make this huge investment into it [53].      
 
[Interviewee (I9)] = The 1st question is probably the hardest for me to answer because we’re not directly engaged 
on project delivery as such [54]. What we do is we provide strategic advisory, primarily at the client or policy level, 
but that naturally has an impact on the supply chain [55]. We are very high in terms of our level, but we are working 
with lots of clients that are much of a lower level [56]. We are compliant to Level 2 BIM [57]. I am promoting that 
so that we have to be at that top level. 
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[Interviewee (I10)] = There is no projects done to the Level 2 BIM requirements [58]. There is the New Adelphi 
building at the university, but what we got out of that was a model [59]. None of the people in the working 
environment have the necessary experience to enable them to use Revit to do the BIM model or change it [60]. It’s 
not in any of our capabilities, we’re just a linked team involves FM and just a small number of our team is involved 
in the projects around the campus [61]. BIM was done on the Adelphi building and we received O and M files, and 
we got a model and plenty of paper files [62]. So, we are aware of the Level 2 BIM government mandate, but it was 
never used in our projects [63]. 
 
[Interviewee (I11)] = As a practice, we work on the PAS1192-2, information management structures and BIM 
structures [64]. This is based on 3 offices, one is in London, which is the main headquarter and deals with major 
projects, such as Wembley park, 5000 units going around Wembley stadium [65]. The practice is much more BIM 
integrated, so that office leads the BIM journey. They have the BRE BIM certification. They developed our BIM 
information and protocols, we have those in place for the practice [66].  
 
Personal notes from the interviewee= BIM level 2 compliant for several projects in the London office [67]. Major 
schemes with large contractors / developers fully integrated with Structural & Mechanical & Electrical Consultant 
/ Subcontractors [68]. Data models including COBIE outputs [69]. BIM Manager is BRE Certified Professional. 
 
[Interviewee (I12)] = No consistency around Manchester City Council with level 2 BIM [70]. I can only talk around 
projects I’m already involved in. However, on the Our town hall project, there’s a real desire for us to achieve BIM 
level 2 [71]. The foundation is being put in place to enable that to happen. We are really working towards that [72].    
 
[Interviewee (I13)] = The company has been running for 155 years old practice, we are comprised of 28 staff, 2 
directors, 1 of them is a managing director, we have 4 associates, and a mixture of architects and technologists’ 
technicians throughout the building [73]. BIM is at the heart of our company and we are compliant to level 2 [74]. 
We’ve been using Revit for the last 10 years, as a piece of software, Revit doesn’t equal BIM, but the process is 
something that has been continuously in development since we’ve began the adoption of this piece of software 
[75]. We took on the piece of software because we wanted the practice more reliable way of bringing to tendering 
construction, large amounts of repetitive design data, and obviously Revit was the time that seemed to be the right 
thing, back in 2007 [76]. So, we did a test project on a 500-apartment scheme in Gibraltar, and we immediately 
started seeing the benefits of working using data database modelling. From there, we finished the job of the tender 
stage information a month quicker than we thought we could, with 2 less people than we thought we needed [77]. 
BIM is again in the heart of what we did, it is done on every single project that we have, it doesn’t matter whether 
its size, scale, typology or whatever it is. Our education team have done over a dozen of level 2 BIM projects in the 
last 5 years, all the way across north wales and more recently across Manchester [78]. Some examples of that will 
be we’ve done one in Hollyhead, Hollister kerby, and that was restoring a great two listed wardien building from 
1901 into a junior’s block and then create a new extension on the back of that. That was the council’s first extension 
of a Level 2 BIM project. Hollyhod, and teacher in Vaughan, which is flitcher’s first Level 2 BIM project [79]. I’ve been 
in the lead of Manchester’s city council Educational Basic Needs (EBN) framework project in the last 2 years. We’ve 
done 2 in the 1st batch and 6 in the 2nd batch, so 8 EBN framework Level 2 BIM projects with the ISG and MCC. I’ve 
been working with one of your focus group members on these projects [80]. Every education project in the sector 
that we are doing is obviously Level 2 BIM, because it’s a standard requirement that comes through EIRs of all our 
clients [81]. As a practice, we are in a process of going through a BIM level 2 certification ourselves [82]. So, we have 
a Standard BIM Execution Plan, Project Implementation Plan, Master Information Delivery Plan, Model Production 
Delivery Tables [83]. I gave a lecture at the NBS conference in Manchester last week on our modelling methodologies 
and our approach to Level of details, Level of Information, Level 2 BIM training, we were responding to EIRs [84]. 
 
[Interviewee (I14)] = All our procedures and standards are set up aiming for Level 2 BIM compliance with projects 
[85]. We’ve got that kind of strategy in place when it comes with naming, standards, adoption of BS1192. All of the 
projects that will start new, 98% I would say are using revit, so always within that 3D environment and we also like 
to see other consultants also working in a 3D environment and trying to push projects into a Level 2 BIM project [86]. 
We are using revit as a tool, but it kind of goes hand in hand, because revit isn’t BIM, we see as a 3 Dimensional 
drawing to it (tool) [87]. We see the advantages of using that 3D tool, whether we’re required to perform to Level 
2 BIM or not, and we see the benefits of that collaborative process with other consultants, also engaging with that 
3-Dimensional coordination process. So we’re always trying to push that [88]. In terms of adoption with standards, 
we’re getting on top of it, coming to the end of finalising our standards and protocols which adopt all the BS 
standards and the PAS documents, basically the 1192 suite of documents and all the kind of British Standards that 
go alongside with that, in terms of for example BS 8546 [89]. 
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[Interviewee (I15)] = I don’t know much about BIM, so we are trying to learn it based on lessons learned, an external 
is placed and doing BIM strategy, which is generic and not being used [90]. There are existing projects which had 
BIM requirements for level 2 BIM [91]. Working on projects to develop a built in BIM, for example, we have EIR 
templates, trying to work with COBie, and we are getting some of the documents in place [92]. However, we are 
not compliant to Level 2 BIM [93]. There is small team of us and it is seen as a bolt on. There are workshops being 
done, new frameworks started [94]. We are working to put the BIM requirements in the contracts and works 
information. We have good information requirements for the data [95]. COBie is delivered to date. We are defining 
COBie structure, in choosing and locating things [96]. We are trying to implement the standards, our documentation 
has been reconfigured to BS1192 compliant, and we are pushing this to make all our projects consistent [97]. Some 
of the managers understand it, but don’t know how to fully drive it and this reflects negatively on the working 
environment [98]. We are trying to put validation checks [99]. We are not mandated to Level 2 BIM, but we are 
technically mandated, because we fall out of the mandate because we are centrally funded [100].   

 
2 b) if not, then why are you not currently using it? What is your BIM maturity assessments when 
getting into a BIM level 2 project? 
Prompt: Lack of Understanding, less significance and with less importance, the methods are too 
complex, existence of a huge collection of methods and tools, not aligned to Level 2 BIM requirements. 
 

[Interviewee (I01)] = We developed our internal formal one, and we use our own one. We create our own one from 
lessons learned as in looking at the things on what went wrong, what is not suitable, or what is more suitable. We 
don’t use anything that is produced by somebody else, we would look at all of them and make our version on it. 
 

[Interviewee (I02)] = Resources, software and organisation BIM maturity questionnaire. We have 3 forms, looked 
at the Penn state, and ARUP and different maturities and we are working with contractors such as Morgan Sindall, 
b & K, to develop a tool that actually makes sense, because some of the questions that come out of the Penn state 
questionnaire, does not make sense. Questions like what is BIM for you? Doesn’t do anything for the questionnaire. 
From our point of view, it is complete bias. So we made the forms quite clear so people can fill it out and we could 
record their answers in their databases. Definitely using it as a daily basis. 
 

[Interviewee (I03)] = Looking at and how to create internal checklist, so I am doing it based on my experience in 
the industry. There is no formal QA procedure, so I am looking to develop that at the moment and I am basing it 
very loosely in terms of the model correctness, basing it on the AEC protocols. In terms of documentation, it will be 
based on technology more, because there is a lot out there to make sure we are compliant. At the moment, based 
on me understanding what is required, it’s not necessary about a set of documents, but it needs to be developed. 
There is no awareness or knowledge on Level 2 BIM maturity assessments (i.e. Penn state, ARUP). I don’t think it 
is widely known, it is well known with the academia, but not necessary known within the industry (practice). 
Awareness of the Academics on BIM in general is very different to what is happening in the industry, since it is 
driven by BIM alliance, BIM government, and BIM level 2 website; which is very limited and the content over there 
is generic standards and templates. There are many tools but is not widely known within the industry and limited 
knowledge on the assessments taught in the institutions, whether is it being acknowledged, or is it shared amongst 
the practice. ARUP may have an excellent tool, but would they share their tools with BAM construction as an 
example. The tool could be available online, but due to copyrights and restrictions might not be shared amongst 
practices. It might be shared with the public, but you don’t know what you don’t know. So if you don’t know it’s 
there, then you won’t know when & where to look for it. If working on it in Academia, then you will look for it. Your 
work is great, and is very much needed, but Academic institutions need to bring it to the table. Bring the work 
forward to the industry and having it shared. The industry is siloed. Even with work being done by digital 
construction and sharing the data, it is still traditionally much siloed. People don’t necessary share in this industry. 
 

[Interviewee (I04)] = There are pilot projects being done on 2 projects, so once they are completed, we will conduct 
a maturity assessment on them to see where we are at the journey of BIM and if the workflows and BIM standards 
are in place or not. There is no BIM maturity assessment alternative in place, but there will exist an assessment 
along with Lessons learned after the pilot projects are completed. 
 

[Interviewee (I05)] = I’ve taken some of the headings, and put them on my report, and these are some of the 
comments that I generated and came up with. For examples; Roles and discipline, that would require a lot of work 
in terms of sitting down with our HR people to implement if we are going to have an internal provision. If we want 
to advertise externally, there are 2 obstacles to it, one is what we want and what the market could provide could 
vary. So what we want could be different from the outside world. Might be different to a method of operation to a 
private sector practice. We have a much bigger workload, we have a much wider base of clients who have different 
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requirements, so sometimes when we look for a resource in person, it doesn’t necessarily mean that what’s in market 
place is what we want. So we have to hire people or appoint people on the basis that we can try merge them up or 
they can upskill. So that raises a set of questions because what the market demands in terms of the payment and 
what the MCC is prepared to pay are too different things. Local authorities aren’t particularly our payers. Some are 
argued with allies. We have other benefits instead. So our working hours are slightly less than the private sector and 
we get more holidays. Depends on how you look at a job. So If we are trying to appoint people, we send out our 
terms and externally we tend to get very few responses, so that’s a big problem for us because the market for 
people who have skills in this area is quite provirus. Lifecycle views, we have an issue with our FM guys, the sector 
I’m almost familiar with is the education. The face of Public sector and ownership is changing in the educational 
sector particularly. The government is trying to move local authorities away from building to building, so they are 
run by 3rd parties, so you have academies, education trust, who are now building these buildings and running 
themselves and are separate from local authorities. So we tend to get fewer jobs. In terms of looking after buildings, 
we get a very variety of people. It’s very difficult when we have a model with lots of BIM information to convince 
people that this is what you need and putting your fingers on any kind of bits of information on this building, so we 
have to put a very convincing argument together. Internally, the City Council’s project people have a fair 
understanding on what is required, and what can be achieved by using BIM. Basically it revolves around GeoSpace 
awareness, the spaces required for materials, so when tendering takes place, we know how much. We try to 
investigate cost in use. Whole lifecycle and lifecycle replacement costs, so we got an idea that after N number of 
years, we know we will spend x amount on replacements. We try to plan for these things, and we are aware that on 
a strategic level that there are more things that we can do, more intelligence that we can get out of a BIM model. 
We use data at a macrolevel and it is something that we try to develop. In terms of elements in this maturity, some 
we apply and some we don’t. The delivery method tends to be the same, whether its design build or in house, so we 
elaborated on this and used it to develop our own strategy.       
 

[Interviewee (I06)] = I am not seeing we’ve improved with any of this at the moment. I know we have, because 
we’ve got better data issues that I’m looking at the data side of this. But as far as being assessed by sharing the 
data, I’m not sure. So, I could say that the organisation is willing to continue using this particular assessment within 
their organisation for future projects. 
 

[Interviewee (I07)] = There is a flagship project within the council, and I was pushing the council by convincing them 
that it’s a great opportunity to do their project as a BIM project, not as a Level 2 strategy, in order to do a BIM 3D 
model to see it from a client perspective and how the building works, and how it will be extended and refurbished. 
Ultimate drawback to BIM is the cost and the software technology. There isn’t the technology to implement BIM, 
so they had to invest a huge amount on the technology to enable them to implement BIM. I am continuing and 
trying to implement BIM and educate the client and providing them with the basics. There was a perfect structure 
in place where all the disciplines work together to use the BIM tools (software). BIM is considered as a software, 
since the team understood Revit to be BIM. It was a perfect infrastructure in the organisation to be a collaborative 
process to use BIM but not all of them are educated well enough, due to lack of interest. The mentality of not 
wanting to use the BIM in the future, Change management. 
 

[Interviewee (I08)] = Because we don’t know what’s happening, so somebody might have picked up on that tool 
previously and use it occasionally, but we don’t use that tool in here on a regular basis. Because BIM is still a foreign 
language, so assessing out maturity because we’re immature. Those of us who understand BIM, will understand 
how immature we are, and how far away we are from compliance. We don’t need a tool to tell us that, because 
we actually know what’s missing at a real problem, but its communicating that and getting the bay of change and 
shift atmosphere. If you could say you need to be at that rate, to get BIM level 2 compliant you need to be there, 
and your accounting here, it might be a tool it could be used, but there is a bigger piece about the selling of BIM, 
the understanding of BIM which is missing. A tool of spider diagram; like that, can show me what we think and 
where we think we are, “I think somebody is lying to get to those levels”, but they’re much more mature than the 
rest of the industry. Where I was, and what I was doing in 2011, the rest of the industry was way ahead from where 
we are now. 
 

[Interviewee (I09)] = What we use now is documentation within the EU BIM Handbook. The website where you can 
get addition information about it and it is considered as the nearest maturity assessment 
is(http://www.eubim.eu/handbook/). It covers a way of implementing BIM, so the things you need to put in place 
as a process to make the implementation. As well as the elements that needs to be in place in terms of proceed 
technical services and people. It doesn’t give measures against that, it covers the areas that needs to be 
implemented. Most of the maturity models I mentioned earlier are about project delivery, and are quite tactical, 
and what my role is concerned with is more strategic. I’m concerned with everything from National policy all the way 
down to clients’ schools development. The work that we did in HS2 is kind of a low end, more detailed. In Latvia, 

http://www.eubim.eu/handbook/
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Giving advisory data on how to write a national strategy, similar to the UK government construction strategy 2011. 
So in top level we will do BIM nationally, I am advising them. The levels kind of measures the attributes in the KPIs 
that would be in their national program for BIM implementation.   
 

[Interviewee (I10)] = The university and its developments stagnated for around 20 years, up until about 5 years ago. 
There wasn’t a massive amount of new built. The new build that took place was around the late 90s early 2000, 
which was before BIM was in place. We’ve built only 1 major built thing when BIM was a tool and that past us by a 
bit. If we both worked for ARUP, who were delivering building after building, we’d be exposed to BIM constantly. 
For the university, a major new build that would have major Level 2 BIM on it, has historically been heredity. So we 
are not really exposed to it. We did project management. It was somebody else who did it. What I know, is it was 
used for clash detection; we are aware of that, but it’s more of a construction phase. It was used more in the 
construction rather than how we can help the university in the management of the building afterwards. I think 
that‘s what the focus may have been from what we’ve seen. During the construction period rather than construction 
team how can we help the university in managing the building itself. 
 
[Interviewee (I11)] = The own assessment is about the periodic reviews of the project practice, there is the BIM 
Execution Project templates and BIM Execution Plan templates, and there is the BIM information protocol, which 
outlines the practice’s procedures and how they proceed with training and developments and the speed on BIM 
projects. The firm has their own BIM guidelines and they are based on PAS1192. 
Personal notes from the interviewee = PQ Questionnaires + BIM Information policies & Review of BEP. Pre- 
Qualifications, Investigated NBS BIM Toolkit for project management but not been adopted Practice Wide – 
existence of kNET project Management app. 
 
[Interviewee (I12)] = I’m involved in a single project, we are on our BIM journey as a project team. I think we are in 
adopt in a very mature and a realistic approach to BIM because the project was a 7 year and got cut down to 5, so 
to work through it in a theoretical way through Mark BEW, then the BIM task force, Digital built Britain. We’ve got 
to think that whatever we have to do, if we do very strict EIRs, if we did them back 2 years ago, they will be outdated 
now. And if we did it now, it will outdate in 2 years’ time. So we were adopting quite a collaborative approach to 
it. I read a lot of BIM theories about BIM levels, but I think its not real. I think what we’ve done is we’ve developed 
the BIM EIRs where there were gaps. During my task in the project, I was asked to close the gaps in the BIM EIRs, 
but my conclusion was you can’t close them because if you close them, then that’s going to be a snapshot of time, 
2017-2019. So what we’ve decided is we created a digital pilot exchange group, because that’s what we were 
reading from the city’s perspective, we were concerned about the legacy, the information is going to come to us in 
the end of the project, so it brings digital exchange pilot group and that involves and has got representation from 
all the design team, so we’ve got the architects, the design engineers (everybody), and it also includes a digital 
information manager. That’s made a really good start, so they’re just doing trials on things, getting the naming 
conventions right, just establishing how the information should be structured, how it needs to come across, is it an 
our3, is it a uniclass, how has it been structured, I feel that’s a really good way of starting. Very slowly and then 
building up. The team we have on board, their competency on BIM is up there and are good so I think during the 
design process and then the construction process, BEP will be used to a high level. What we are doing, is we are 
focusing on a certain; great holistic building, so the works we’re doing is quite limited, but we are doing some key 
interventions around the main entrances, so there will be 4 entrances, and we will do some vertical circulation on 
the lifts going up. That’s where we hoping to get a BIM point cloud model really good, so for the designers and 
everything, and I feel the team will be very competent on that. There are just a few challenges with that point cloud.       
 
[Interviewee (I13)] = Since the Level 2 BIM Mandate came in, people started throwing BIM maturity assessments 
that were like of going out fashioned, they have in a wild single page with a dozen of questions, into 20 pages of 
toe brakers because they require far too much time to fill in. They massively vary depending on whom we are 
sending them out to. Their actual knowledge of what they are asking for or whether they are doing it cause someone 
has told me they’ve got to do it. We work with clients to develop their BIM maturity, but we haven’t developed an 
assessment tool ourselves. There is a standard set of Level 2 BIM criteria that are required for a Level 2 BIM project 
in the UK. So they are the criteria that we will work to if the client says they want it to be Level 2 BIM. That requires 
certain boxes to be ticked isn’t it. In terms of using data database modelling, agreed depth levels of details definition 
and information, Using PAS1192 – 2 and 3, and specifically PAS1192 – 2 to make sure our processes of passing data 
around are in accordance with that. We have Master Information Delivery Plan, for the projects, we have our Task 
information delivery plans on every Workstage of the job. We have a very truthful understanding of what is required 
on a Level 2 BIM project, so that’s how we apply standards to any projects that they fall at, but in terms of you are 
always looking at your clients EIRs for what they actually want, and we’ve got to tailor our service depending on 
what it is that the clients are actually asking for. Because in the end of the day, we find an awful lot of our clients 
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don’t really know what they are asking for. Specially in terms of their asset information requirements at the end of 
the project. In terms of what the actual deliverables are for an AIM (Asset Information Model), we have to come 
with a standard offering for them if they don’t know what they want, so they can understand the level of 
information, do they need about that element (door), to allow them to maintain it. Needing to know the specification 
of that element, such as the colour, density, size, and it all comes down to the client coming up with what do you 
actually want. We’ve developed standard asset information sheet for documenting that as part of or sort of our 
briefing process. So they have a set of asset information as we go to them with each sort of individual type of object 
that they may have in a building, get them to go through it and say what they want and what sort of information do 
you want us to provide at the end of the project about each asset. There is no point in giving them useless 
information that will not help them with maintenance, its got to meet the information provided isn’t it. 
[Interviewee (I14)] = This is something that we are looking at, we like to get to that stage where we are self-
assessing. I suppose we just try to follow the BEP as part of our self-assessment. As long as that encompasses all of 
the aspects, I suppose what will be the Mark Bew’s triangle about Level 2 BIM, which includes everyone working in 
every 3D environment, that clash detections that coordination and in also the kind of COBie requirements, the 
Employers Information Requirement would feed into the model, and the output is the COBie data in the end. We 
are following the Information Delivery Cycle, but nothing on with assessment. What we are doing is the project starts 
off from a client or a contractor point of view and its always like we’re going to do it to Level 2 BIM and slowly we 
surely see there is kind of the main parts of what BIM level 2 is and is falling away slightly as the project develops. 
That’s never in the end when somebody goes, well actually have we achieved the outcome of this project which will 
fully Level 2 BIM compliant. I’m not yet seeing any contractor going back and saying this is the assessment and 
that was a Level 2 BIM project, and even if we done that individually we find that the contractors and clients do try 
and drive the requirements of Level 2 BIM. We’ll always ensure that the BEP is always followed by the life span. 
 

[Interviewee (I15)] = There is a very basic one done within the BIM strategy group where Mott did it for us, but it 
did not use any of the standards and it was quite high level. We have not done major assessments, because we only 
had in deficiencies. We have a Level 2 BIM project, but… I look to it from the sort of the basics in place, in terms of 
consistent ways of working and numbering, we did that on the asset information requirements, so it is worked well 
on the project phase, not everything is fully compliant in terms of you looking for the basic standards……. We have 
not done any assessments yet, bear in mind that there is no one in house who’s got the time to do the assessment, 
because it’s just myself and some others who is driving the business requirements on projects….  There is a station 
project that is due to open soon and we are reviewing their handovers (the asset information model) and its 
definitely not Level 2 BIM compliant. We engaged Mott to do a model review check of the project. This was the 
assessment done to see what was compliant and not to the EIRs produced for this project, and the basics that should 
be compliant with Level 2 BIM. There was an assessment that is not compliant, but when it takes place, we will go 
back in that and check and see what things didn’t go right and where we can improve to upskill to be compliant….. 
We are driving lessons learned from that into other projects that is not formalised at the moment, because there is 
no time given my position. I am responsible for a range of 50 – 60 jobs who will put metric requirements. They have 
just embedded BS1192, which is harder then what everybody thinks, because it relies on having a really good asset 
hierarchy which we don’t. We have 20 million different systems where it is maintained with metro links, they 
manage the system, and they don’t have installation dates or asset data… It is all being done as business usual, and 
is not part of a change program, it is slow….. 
 

4) What are your core (Key) KPIs that are being used within your organisation, and how do you measure 
them? Are they internal or national KPIs? Are you able to assess the impact of KPIs on project / 
organisational performance?  
Prompt: If you use Construction Excellence KPIs, then which of the CE KPIs do you use? All? Some? 
(If answer= Yes, then answer the question and proceed to question 5), 
(If answer=No, then proceed to Question 6) 
 

[Interviewee (I01)] = We have our own digital engineering venue in our business. Changes each year, we run version 
5. There are around 20 things we measure against on every project. We measure it on a monthly basis on 20 
different elements. A template of the KPIs and how it is being measured was provided. It sets up what we have from 
a modelling perspective, then it outputs where we see value in a framework. It is subjective, we would assess that 
by and then feeds back to our lessons learned reviews. It is difficult to do a KPI on cost, because what’s the 
benchmark alternative is very subjective. (i.e clash) there is a clash there that saves us an X amount of cost, but you 
might have not had a clash in reality. Expected saving amongst that. So, it is difficult to put a KPI against cost. We 
are thinking about it, and we do have an insight system (Internal developed tool) which monitors out turn costs on 
projects, what they are actually built for, and we can map them against the plan cost and the end cost. We can see 
the planned and end result. We do the assessments on that. It’s not a general KPI. So internal KPIs are being used. 
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Based on the internal KPIs, most of our projects have a feedback on where we save money, and specific activities, 
and there will be specific results in there and will be clear, but it won’t be managed by a case study feedback. Based 
on the list of KPIs provided, it doesn’t align.  
 

[Interviewee (I02)] = When it comes to KPIs, we don’t know how we measure it, or others are measuring it. The 
easiest way to do it is you give a form, people will fill the form, and you draw from what they say. If they deliver 
the project, so yeah everything is fine. We need to provide them the training. Those guys are good, we are recording 
it in the database, and If you don’t have the database, then your kind of screwed, but if you do have a database, 
then in the next project you’re doing more or less the same work, so you would know who to invite. But as KPIs, 
usually how it works is basically someone gives a project that it needs to be Level 2 BIM, and deliverables are a 
federated model and COBie. The guys who are saying yes, we can deliver that and deliver on time, I know they will 
get the job on the next scheme, but the guys who are not delivering the job on time, or the quality is shite, then 
they would not get the next job. Based on the list of KPIs you provided, these are good KPIs you have, but the main 
ones that are considered in this context are (Time, Quality, and Cost). So KPIs is the Time and Quality of the 
information they are providing, but definitely it has to be on time, because if it is not on time, people are not getting 
paid, and the quality is not right, so then the employers representatives are checking the information more and 
more, so if the quality is bad and they can’t accept it, then they will postpone their payments, so it all links back to 
Time, Quality and Cost. If you fail on 1, then it will affect the others, but the major one is Time, so it has to be on 
time, then the next one is quality, because you won’t get something of good outcomes, and the final one is cost, and 
in reality everyone is looking to the cost, time and quality, but it should be Time, Quality and Cost.  
 

[Interviewee (I03)] = No, we don’t use BIM / KPIs specific. There are internal QA procedures. Adapting the internal 
QA procedures with previous processes. Cultural Digital Construction. No formal KPIs, the KPIs are not measured, 
and in this context the culture within the organisation is to work with the cultural digital construction methodology. 
We don’t measure what benefits are versus previous method. No impact of the KPIs on organisational project 
performance. In a small company, it is very difficult to spend time creating extra procedures in addition to the 
normal procedures, such as making sure we’ve got all the BIM or KPI documentation and got all the models, and 
then to look for the KPIs is a huge time resource, which will divert us from our current work. We measure our time 
on projects being a commercial thing but is not related to the use of BIM as a process. Based on the list of KPIs 
provided, it doesn’t work here.  
 

[Interviewee (I04)] = KPIs are based on what BIM level 2 requirements are, and the market competitors. Another 
KPI is the available of digital technology. After the pilot project is completed, we will measure our Time and Cost. 
Adopting Laser scanning for our site activities, so we will see the benefits of this, but we are spending quite a lot 
of money on this, so we are not sure how much benefits will be received. A measurement scene will be done to see; 
for the cost, if the cost of the laser scanning is bringing value for the money. Based on the list of KPIs provided, there 
is not much awareness of KPIs in industry and it doesn’t align. 
 
 
[Interviewee (I05)] = There are no KPIs as part of the council’s BIM process. Looking at the CAD side of things and 
its demand here, there are KPIs that exists. We have a standard template, we have a standard set of information 
requirements, and we have briefing documents. So, if we issue out a project, for a consultant, we give them a 
template that they have to follow. We have a means of auditing when that comes back in. If we issue information 
out in terms of variation on our instruction, then we have a means of recording that in terms of when, what was 
said, and how long it takes to respond. Those are a set of KPIs that we have. Based on the list of KPIs, in terms of 
the EIRs, sharing and collaboration, definitely we are using those because we’re trying to ensure that the design 
team collaborate and talk to each other, so we don’t get 1 group out and step with the other. So, we have a preferred 
method of using a CDE, the process and the way the thing is issue and what format we should issue. In terms of 
delivery, we have a prescribed method of after the building is completed, we want a delivered O and M manual, 
have a safety manual, we have a set of content that we want format. There is electronic and a hard copy. One of the 
other ones that have some thoughts around is Predictability, and it could come under risk and predictability. There 
are number of risks which we identify in everything we do. Whether the projects are for building and KPIs, or if the 
project is to deliver a BIM implementation scheme because we will look at and analyse the risks, to see whether or 
not we can either eliminate them or reduce them. So that is key for us to make sure everything we run, and when we 
think back with predictability, is about if it’s going to be delivered what we say it is to the cost and the quality. So if 
we can’t, then we have to come up with a solution near, so we have to quantify it. Note on: NWCH KPIs being 
measured, do you feel using BIM within the projects have improved the KPI outcomes that are measured there? 
We’ve had half a dozen of projects, so it’s a bit difficult to say. Projects we’ve done were small medium school 
extensions, and 3 of them are very similar in terms of the layout, We’ve got more which are due to be produced. I’m 
trying to do it using Data drop points in development of the model, as a means of saying is it meeting what I’m asking 
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for it in the EIRs. Health and Safety, yes, our contractors have noticed we’ve started to use our BIM models as part 
of 4D programming. So, they have an idea on when delivery is coming in, what access points the deliveries are. 
 

[Interviewee (I06)] = Previously informed the interviewer with less knowledge on KPIs, so no KPIs exist. The list of 
KPIs done in the research was given to the interviewee, so based on this list, from the estates side, no, but everything 
we do in the estates is about Cost, Time, and Quality. So, they will have something in place with it. But whether it 
links with the BIM and that side of it, that’s what we’re focusing on and I’d say not really. But there’s elements out 
there, so processes we do want to make sure that we’ve done just surveys across these data. We have got asset 
data and special data. That’s where I am focusing on. Keeping it basically initially and we can get clever and start 
getting 3D models in it in the future. But, in order to do that, we need to make sure that the processes are improved. 
So, for example, partial embedded surveys haven’t got measured CAD plans in them. I’d rather just give it to anyone 
who looks after CAD, since we’ve got the CAD team now. The link between the CAD and the estate property system 
is linked with the special data, the asset data who capture those quantity surveys stuff is the property system. So 
the process to keep that up to date between us and the CAD manager is good, because when it comes to the 3D 
modelling stuff, we’ve already made that link. But there aren’t any key areas that focuses on KPIs. 
 

[Interviewee (I07)] = The KPIs we have are In house standard. KPIs is a process that follows key stages that are 
related to council protocols. Before a feasibility is done, then a client commissioning form is taken place. Tender 
takes place and before it is Construction 2 initiate, then Client 2 Construction. Stages of a process of a project, where 
there is a feasibility study, then you take it out for tendering, and follow a procurement path. Contractors on a 
tendering list verified by the council, being on a framework to meet certain budgets (costs) for projects. With regards 
to the KPIs I try to implement BIM, in terms of its feasibility by giving them a 3D model, going out to planning, but 
it has never been used, when it came to tender the BOQ could have been done, but it was never done. The list of KPIs 
that you showed me pretty much covers what my organisation has, in terms of safety, client satisfaction, 
performance, profitability done on the type devoted for each project and the costs implemented and time for the 
project, depending on a timesheet, and Productivity correlated with the timesheet. KPIs are covered within the 
organisation but has to do nothing with BIM, a set of processes set within the organisation standards. 
 

[Interviewee (I08)] = I’m not aware of any BIM related KPIs. However, we have a whole series of KPIs that can 
probably be filled by the NWCH better than we can, things like social value, post contracts assessments. I believe 
we are measuring [Time, Cost, and Quality], we’re measuring social value, we’re measuring Customer satisfaction, 
but we’re no point of time that we are measuring BIM as a KPI. How suppliers tie in with that as well, in their KPIs 
and how they do the KPIs, they’re driven to make sure they are managing measure (KPIs). We don’t measure the 
department as KPI, but we measure the project in a KPI. So the department has its business plan, and I have 1 KPI, 
the business plan. Along the way to do that, I need to satisfy client on project by project versus. The provided list 
complies with some of the KPIs we have, and for us we measure this through the PSP report. So here you measure 
Cash flow, you measure Quality, and you measure Health and Safety. What you don’t have in there is contractual 
compliance. To allow us to measure the compliance of the contractor in doing all the legal documents, etc… Huge 
section on program, huge section on risk management, and early risk. So you can see, we do a lot of measuring those 
KPIs. This is measured through checking on a monthly basis, we check if the contractor is staying to plan. You’ve 
got variety of things to keep to, and this is our monitoring of that. Alongside that, then the framework has people 
who can manage KPIs. So, I meet the people every month and go through the KPIs that they have for the contractors. 
 

[Interviewee (I09)] = In the perspective of BIM, we are more focused on outcomes rather than anything else. We 
do see an element of KPIs around cost being measured. Unfortunately, that still tends to get emphasized towards 
capital costs rather than whole life costs. There is an obsession with the clients I work with around the cost benefit 
of BIM. So how much it will save me, on one side, and how much it will cost me, on the other side. There is always 
a focus on cost and what we are trying to look at is more of a focus on outcome. We tend to look at that, and there 
is a model on the EU BIM handbook on this. We tend to look at benefits in terms of economic / environment / social. 
There is a personal interest on the social. Trying to measure outcomes, some of that could be related to soft landings, 
has BIM been used to aid relationship between the design / construction / operation phases. There is always a KPI 
around cost, and people want to know they are not wasting money. We are trying to push towards social outcomes.  
Based on the social outcomes, we are able to assess the KPIs across project / organisation performance. I think all 
BIM related KPIs are difficult to measure, cost is probably the easiest, but it’s still difficult because you don’t do 2 
identical projects, one with BIM and one without, and look at the cost’s implications. On the cost side, one of the 
metrics that I am interested in is the amount of variation on a project, because one of the symptoms of the all way 
was low entry price, a lot of change and variations. I’m hoping that the target and exit costs are close together, that’s 
probably the one with cost, because it isn’t necessarily cost per square meter and has that changed. The problem 
with that kind of benchmark is the market fluctuates. So it’s difficult to know where the cost went down or no, 
because of BIM or the market.  
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We are keen to see more emphasis put on whole life costing, because of being able to measure both forecast and 
whole life cycle cost. What I hope to see with BIM introduction and KPIs is do you start to refine the methods of 
calculating that because you start with a forecast then you start to get the actual data and then you can start to 
compare the actual data with the forecast, then you can either refine the model, because the reality is different to 
what you expected or you can start to diagnose why there is the difference because maybe the A.C costs are going 
high because the users haven’t been trained to keep the windows closed. Social is harder, I guess in the first instance, 
it’s always subjective customer perception and satisfaction, so are the end users happy? It’s not an objective 
measure or a scientific thing, but it’s really important that are the client and end users happy with the end result? I 
think the closest about the social is the client and end user’s perception I suppose. Surveying them and seeing if we 
are happy with the end result and the process that we went through to achieve that. Based on the list of KPIs 
provided, yes and certainly, Time and Cost are related to the cost one that I mentioned (whole life vs capital). 
Typically, if you see a variation in cost, then you’ll see a variation in time. Quality is an interesting one. There is a 
specification quality, the physical elements of the projects (Doors / finishes). There is also ISO 9001 definition of 
quality, which fits in for purpose so is it what has been delivered for purpose, and the way of working fits for purpose? 
That fit for purpose is definitely the quality. This then comes back to (customer) satisfaction. We are trying to 
encourage the implementation of methodology where clients can get something better. But suppliers can be 
something profitable, so also Profitability. It feels like historically, there has been zero sum situation. I win, and you 
have to lose. Win-Win is a bit cliché but it’s what we are trying to achieve. Saying let’s get something for the client, 
but let’s do it in a way that the suppliers can be profitable. Performance is interesting because it depends on whether 
you mean (Performance of the project, or the asset). If asset, then links to the social benefit discussed earlier and 
links with quality, so how end is the fit for purpose? Is the end user happy with it and does it perform?.  
 

[Interviewee (I10)] = We have a Computer Aided Facilities Management (CaFM) system, and we have KPIs on 
response times, because we are the help desk situation whereby a member of the university staff will phone up like 
a clause that has come up the door, that then goes on the CaFM. All the trade staff has a tablet. We have joiners, 
MEP, we have an internal team who respond to that kind of stuff quickly, which is different to the CaFM team. They 
will receive a notification on a tablet and they go to the door and they fix it and the time it takes is recorded, and that 
goes to a series of tables and graphs at the end of each period of time. We have something like 95% to do after a 
certain response time. It’s mainly on the response Time, and Time is the driver, but not Cost or Quality. Based on the 
provided KPIs list, Safety is a big thing, we have risk assessments coming out, and safe systems of work and we’re 
all very highly trained, even we do like a training scheme. We find space training, everything and obviously that’s 
rolled on a 6 monthly basis and all that trade staff. Getting that, we all have Construction Skills Certification Scheme 
(CSCS) cards. Safety is a big thing for me. Actually, I have a manager who sits in the estates and she’s our Health and 
Safety officer, so we have a lot of in house. When it comes to Satisfaction, as part of the response time, there is a 
satisfaction element tied into that, but I’m not quite sure how it’s measured, because we don’t work in the FM team. 
We see the results in graph in the end of it, but the actual calculation of that, we’re not close to it.   
 
[Interviewee (I11)] = With using KPIs with BIM, if we got coordination with the consultancy, your looking into 
integrating 3D models, and better reviews, clashes and coordination with structures. So basically, using BIM to 
improve design & production qualities. They’d have a quick review of the Construction Excellence KPIs, so those are 
quite contractors KPIs. I would say Client Satisfaction, production of design and information, services we provide, 
providing the client with predictability of the cost from the design, and predictability of the time of how long the 
process was. From the list of KPIs, they all fit well with the design process.  
Personal notes from the interviewee= Internal KPI: We believe its processes improves collaboration, coordination 
and quality with BIM in terms of the design, procurement and management of buildings and infrastructure.   
 
[Interviewee (I12)] = We have a range of KPIs across projects, but the big KPIs are around collaboration. I have to 
look at BIM related KPIs, I’m not sure if we have any specific KPIs. What we’ve developed in regard to BIM, is EIRs, 
BEPs. With the list of KPIs provided, Safety should be in the primary KPIs. Another big thing is Sustainability. That 
was a bit of the lessons learned around this project, what we’ve come up at the start of the project is with project 
values, which is an important dialog, and we work with the team to come up with these values, and share the 
documents, and what we have is a list of things that we must do. Values, and go home healthy, every voice listen to. 
Big emphasis on the safety one. We came with values, we have a safety guy coming up to follow with what we 
have. It is being put in a certain level, where it should be on the top level. 
 
[Interviewee (I13)] = KPIs in terms of what? Client feedback or how you quantify success of a project? So yes, part 
of our standard systems that we have is standard checklists, standards that we undertake under 1); at the end of 
every work-stage (the closeout) and 2); Client feedback survey. So, we’ve got sort of raft documentation in there so 
at the end of each work-stage, we’ve got sort of a checklist. This checklist is part of the management team, are all 
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of our billing done, have we met all the requirements that the client asked for, have we delivered to our own program. 
Have we delivered fees that we have set out for the business or for that work-stage. So, we go through that by a 
checklist with our management team, and with our staff as well, and usually there is an independent 3rd party who 
is not been necessary involved with the project and have sort of an outsider’s view. We sit there and have a view of 
the lessons learned and with our consultants how is that relationship worked, and will we use them in our projects 
again. This is done at the end of each work-stage. We have a (Closeout 1), then we have a client satisfaction 
performer for our clients to give us feedback on our performance.  In regards to the list of BIM KPIs, so with 
Collaboration, we talk in the end of each of our workstage about what’s going well, how’s everything being gone to 
a program, have we collaborated effectively. On like a school project, when we design our model, our Master 
Information Delivery Table, we arrange what we call modelling tasks on what needs to be done. We link those down 
to our deliverables so as each element is done it will allow us to develop each set of drawings, etc.. But as while what 
comes into that, is actually looking at what our consultants that we’re working with what they need from us as well. 
We work collaborative at each work-stage in terms of our model development. Employer’s Requirements, we used 
to work with EIR documents, AIR documents, we’ve helped clients to develop those to be familiar with. Processes and 
Delivery, PAS1192 – 2 that’s what we breath and live doing of our education projects down here. All of our internal 
processes and delivery are BS1192 compliant as well. In terms of the way we document all of our projects in a volume 
name, in terms of delivery with bringing it in the correct way. For a BIM project and in terms of the PAS1192 – 2 we 
actually have our own CDE that we’ve been developing with using BIM 360 docs, which is a new online collaboration 
platform. We’re actually rolling that out on a live project that we got on site in brexon. So that covers Process and 
Delivery and we fill it on the way of CDE works, the gateways so we can raise issues and put things for our client 
approval so S4, S3, whatever the workflows need to be to make sure we are working on an internal process. Sharing, 
this is where the CDE comes in as well, very useful. We always share all of our models in IFC format, as the primary 
format because that’s the exchangeable one between all different disciplines that working on a project, we also 
provide NWC (Navisworks), clash files, clash detections at stage 4. Obviously, the native Revit files, standard 
methodology for purging and tidying up the model for that. It goes out to make sure everything is verifiable at the 
other end. Capital Delivery is a big deal here, we work collaboratively trying to get working with subcontractors if 
we work on a D & B as early as we can. Us bringing them as part of our team so we can make sure that we’re 
delivering the very best for our client as capital expenditure, CAPEX. We brought in the subcontractor who sat there 
with the revit model and threw how they were proposing how they would fill in, how we could economise, amend 
details, amend the earlier stage 3 model, so we can get down to the figure that we got without losing the design 
integrity of our building. So, we’ve got great use to working with tight budget. We used to work with Manchester’s 
capital expenditure. With Facilities management (FM) systems, yes, I was providing all the COBie data drop 
information required as part of Level 2 BIM process. We’ve done that for a countless project, we used to do it as a 
standard part of our deliverables on task 4. We work with technologist and another FM platform that they can able 
to accept COBie, take all the parameters and take some of them. In regards to the list of KPIs, Health and Safety, we 
do our work to PAS1192 – 6, we do in house reviews as each workstage of the CDM, we do a standard part of our 
deliverables, we do a design risk assessment, we do a maintenance access drawings so we use BIM to deliver in that 
way, a lot of our design team meetings we have a CDM section that will bring the model on screen and go through 
all of the issues as a team collectively and find out everything that we can. So, we used to work and using BIM to 
leverage the ability to work into 3 Dimensions, go through the access points, go out the roof and see how that works. 
Satisfaction and Performance, we’ve got a client satisfaction survey, which we send out on each project. In terms of 
our satisfaction and the consultants we’ve worked with, we have a standard register of all the consultants that we 
work with and review that annually as part of our business processes and taking into account all lessons learned and 
information fees back from our projects back to look at them. 1) We assess whether we think they’re performing well, 
can they do Level 2 BIM in terms of being able to work with us on the project, so we keep a register for every revit 
project we work with, and update that annually as part of our internal processes. Profitability, we have an in-house 
piece of software (CMap) that we use to undertake all of our internal management so that allows us to feed the 
proposals in there, or accounting in there, allow us to do our project management in there, so we can review live 
project vs expenditure for any given project, so we always got this data to hand to them on where we are, in terms 
of the work that we done and mark the money that we’ve got to spend on this particular work-stage. So, we’re very 
doing in that to keep our profitability. Productivity, I’ve touched in that, we’ve got our processes we’ve got an awful 
lot of well homed processes that have development and delivery of BIM level 2 projects. Sustainability, that’s an 
interesting thing part of architects by in trade as far as we are concerned with for the building to be highly sustainable 
and whatever the right methodology is. We always opt for naturally ventilated buildings whenever we can, solve the 
orientation, think about furnished striation and specification size, all the shading, ventilation strategies, so in that 
project, ventilation panels of air tightness and reducing energy demand for the OPEX phase of the project. As design 
team, we all consider what’s the best way to meet the client’s requirements.  

 

[Interviewee (I14)] = There is little self-assess on KPIs in our organisation. We’re trying to sell model reviews in 
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terms of model compliance and that test kind of the naming standards. It’s quite easy the use of likes of dynamo to 
run a script on the models and make sure that all the naming standards are already into. So that’s kind of the 
technological assessment, but in terms of KPIs, I don’t think there is anything we’ve got within the organisation. I 
think we’re terrible with assessment, we’re very poor. Based on the list of KPIs, Obviously, we conduct Profitability 
reviews on all of our projects, so in the end of the project, we’ll sit down and look at was it profitable, was it not. How 
could we have done better. Good examples in the minute, we’ve done a couple of projects which went into BIM level 
2, in fact they went into 3D. They’ve not be profitable at all. We’ve took a look at that and said well could we have 
been more profitable if we have worked in 3D from the start. If we’d have done it in revit and there isn’t anything 
black and white that says we would have been profitable if we have done it from the beginning like this, so it’s more 
of a feeling. You would say on these projects we’re going to perform well in terms of profitability and productivity or 
we don’t. We’re not as strategic we would say. We can kind of see the benefits that BIM brings to those set of 
indicators. Health and Safety, so for example in the minute we’re putting a 3D warning triangle into our models, 
which are the health and safety issues. So, they feed into the health and safety, or risk assessment. So, there’s even 
more contractors who are asking more about these to be put into a model, when they see the plans, they can highlight 
instantly visual sense, some of the risk areas, but they also in the 3D environment; say for example, we’re doing clash 
detections and they see a warning sign, then everybody is aware of those risk elements. so, I see more of that coming, 
and I think that for us is good. Satisfaction, I think the contractors they see more of satisfaction in terms of the de-
risking their projects are carrying out this 3D coordination before the project even hits the site. That’s a massive 
benefit to them because its de-risks the project. In terms of Productivity, I think initially trying to get going on working 
on 3D and Level 2 BIM, it takes a hit, because your trying to set the standards, but once you get going, we find the 
productivity increase. Why? Because as your productivity increases, you got more time to spend on doing the next 
thing. For example, VR, so we’re taking the technology that we’re using and going what can we do next. What we’re 
find is that we’re still spending the same time in projects, it’s just what we do, is either that productivity is such that 
the main time that we’re doing decreases. But we’re just putting extra bits of pieces of work and other things that 
come to. Clash detections, we’re spending more time on. Sustainability, it’s one of those that nobody goes above or 
beyond, it’s purely down to the client. I find that we as a client, can’t influence sustainability enough. It’s all down to 
the client, cost and regulations. So, it’s the regulations there that we have to follow, then there’s an obligation for 
the design team, contractors and the clients to meet certain criteria. If the client comes and say I want to come above 
and beyond, then fair enough. As a contractor or design team, they will never go above or beyond. It always hit that 
level that they need to attain. So, it’s the cost at the end of the day. We don’t have anything to assess ourselves 
against those indicators, but I hope those are ok. It’s good to see this kind of level of thinking and there is a personal 
interest on this work.  
 
[Interviewee (I15)] = We don’t have internal KPIs, not yet. It is not established enough. The issues lie on our ways 
of working. KPIs are far too much considered on Cost (Project cost) but they highlight on other issues. Our KPIs are 
like integrity ways of working, how quickly we close change request or stuff like that. In terms of project groups, 
KPIs in terms of the business are very financial driven. From the provided list of KPIs, Health and Safety is in, 
Satisfaction and Productivity isn’t, we don’t do Performance KPIs very well because we don’t feedback and assess 
our suppliers, Profitability yes, Sustainability will be one.   
 

6) Do you think that there a link between your level of BIM maturity and its impact on your KPIs? How? 
Prompt: Based on your point of view, or based on projects being used within your organisation 
 

[Interviewee (I01)] = Yes I think so, there is definitely a link. And it comes down to the way we deploy on how we 
do it on projects, how much supporting and set ups is needed to get them there, how much training is needed and 
aid to deliver the KPIs. Because if it is the same team for the 3 to 4 projects, I’d like to think we don’t need to step in.  
 

[Interviewee (I02)] = Obviously, there is a link. If you’re not capable of delivering something (BIM), then it will affect 
the cost of the delivery and maybe the time and might affect the overall quality (KPIs). So it’s all bonding together, 
but in terms of specific examples, you say the organisation is using a tool (inventor) or Autocad (3D). They are really 
good, they delivered projects for X amount of years, and now you are asking for BIM deliverable, which is a federated 
model, so they can still provide a 3D model, but COBie has to be extracted out of this model, and they have no 
capability. They are brilliant at what they do, they are brilliant at the operational and maintenance manners, but 
they don’t know how to deliver a COBie deliverable, and suddenly they need to use BIM accredited tools, so they 
decide to use Revit. They need to ensure they can deliver in revit, so they need training. For training, they are 
spending money and time. Obviously, the 1st time they are going to issue the design + information, most likely will 
be incorrect, so that affects the quality of the work, because it is not correct, so we will tell them its not correct. 
You will have to correct it, and that will affect the time scales, so it all links but its their initial cost that they have to 
invest in training themselves, Quality and Time. 
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[Interviewee (I03)] = YES, based on what we measure (Time, Cost, etc…). The more mature you are in the process, 
the more you understand the process, the better you will perform. With BIM maturity, the more experience you 
have, the better you’ll perform. (With experience that people have on BIM maturity, it will enable better 
performance, which will reflect on delivering projects on time and budget). If you don’t understand BIM as a 
concept, then there won’t be any benefits, it could result in rework (rewriting documents due to not understanding 
them well). Depending on your BIM maturity, it will affect the KPI. 
 

[Interviewee (I04)] = Yes, there is a link between both. BIM is a way to do things with less cost and time, to achieve 
savings in cost and time. If BIM is adopted in the right way, we should realise those savings, and this could enable 
to establish the potential link between the BIM and KPIs, to review and measure what is done in order to establish 
the KPIs and the BIM maturity. 
 

[Interviewee (I05)] = I think there will be. One of the things we picked up after discussions with practices that have 
BIM in place, is changes in the way they do things with the processes. They are able to measure more things now. 
So they can say is that project delivered on time, and within our fee bid. They can say did we meet standards for 
this. Are we able to provide this information about whole life costing. They were able to provide us with a lot more 
information because they got that behind it. This is what I’m trying to get through the senior managers, is any 
intelligence that we want, we can put through a BIM model. It’s very difficult to retrofit through it. But if we leave 
the gap, if we have some blank parts of the flyout section on one of the elements, then if we don’t allow that for 
now then we can’t add it. It’s difficult to do so, we have to think about things in advance, and we might not be 
able to do this now. But we need to know how many people cross the threshold, do we have a counter, do we have 
some means of checking out to see if someone has referred to the model. That would be a good test, because some 
of the reactions that have been experienced from the building managers have been quite extreme, so it depends 
on the level of understanding of the guys operating the building. The success for us is if one of the guys can turn 
around and say “yeah that model that you gave me, I was able to find out where the problem was]. Looking in 
print out could take hours.    
 

[Interviewee (I06)] = I’d imagine YES, there is a link. If the data richness is better or the information is more accurate 
or coming through the project and the turnaround and the processes is to do that, then you’ll get better 
maintenance scheme, you’ve got building lifecycle costs, quick response for repairing stuff. You got problems on 
information which would enable you to tackle them. The actual process of the information is to keep it to 1 place, 
whether it’s in a 3D model or in a system. If people are sharing that data in capital program and if its management 
and in estate, they won’t share that source, due to it being efficient. Between this and that, yes there is a link. 
[Interviewee (I07)] = Absolutely, without a shadow of a doubt. Because people don’t see the benefits of what BIM 
is about, in the collaboration within the team and the organisation. The openness and sharing the model with 
whatever BIM tool is being used. The SHARING, and the information that could be extracted; clash detection, 
getting FM team on an earlier stage of the project. BIM is very much based on the technology, even if you know 
the technology, there needs to be a good level of understanding on what the technology could be done and what 
information could be extracted, and for the benefits of the clients. Clients are looking for the Return On Investment 
(ROI). With BIM, the cost has to be put up front, where the infrastructure has to be set, which represents a challenge 
in my organisation. Working in siloes, no one talks to the other, disciplines are segregated and don’t collaborate. 
More projects in the public sector needs to be used, and see real cost savings use to it (ex.. Townhall in Manchester, 
flagship project but it educates councils that it could be embraced). 
 
[Interviewee (I08)] = No, I don’t think they are related in the minute, because we are looking at the traditional KPIs, 
traditional building industry KPIs, (Time, Cost, Quality, Health and Safety), and BIM is detached. BIM is how we 
manage and run the job, KPIs are how we measure the success, and those 2 things are completely different. BIM 
is the process and the KPIs is to do with the measuring and the monitoring. Based on the previous information, I 
don’t see any linkage between both… 
 
[Interviewee (I09)] = I think there is a correlation. The challenges is the number of other factors that could affect 
the KPIs, because we don’t have that kind of laboratory conditions. With those laboratory conditions you can do a 
Non-BIM vs BIM or different levels of maturity on the SIG on identical projects. Even if you are focusing on things 
like standard design and so it is repeatable in terms of the asset. The people (project team) would be a variable, 
so really good project team may give a different result in terms of the KPIs, in respect of the maturity. It’s not the 
only factor that affects the KPIs, that’s the challenge, but the other variable, from my perspective, is people’s 
experience. The 1st BIM project that somebody does, their learning is a new way of working, and they won’t be as 
effective as the 2nd, 3rd or 4th project. They will learn, improve, and refine the way they work, they’ll be better 
because it’s the way they work. So my expectation is even if the maturity is flat, that the KPIs would improve over 
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time because people are becoming more familiar with this way of working. I still think maturity is important to 
gear up, there is a number of contributing factors that improve the result. 
 
[Interviewee (I10)] = Yes, there is a potential link. We held a series of meeting with partners involved in the project 
and we discussed on how we’re going to use BIM, and what will they deliver to us. The FM has spoken to them, 
and I think the main focus on it is that yes they will do the model for clash detection, but we said that we will never 
amend that model. We can’t just physically do it, we can’t do it. So what they are going to do is have the model 
linked to a database essentially, so you can go into the model, click on a door or a light fit in, and a datasheet will 
pop up, so it won’t be populated with all the information. When you click on the database, it will take you 
somewhere around, and I think that will be a great thing because we will change the database, because we can 
import and change the database, so even if the model might not be up to date, but the database will be and we 
can keep up to date. That’s the thing that all our trade staff have a tablet, so it can be that if they are going 
somewhere or a job does pop up, that they can quickly get it from the database. They can order it from the tablet, 
and it will be here, so it’s that sort of integration of the database with the CaFM, rather than us having to put a job 
in here. For someone to look on the model or the database and to say that’s that. We go back to trade staff and 
someone orders the database, and we have it integrated with our CaFM system. But now we don’t think it’s 
capable of doing that. There are like add-ons and bolt-ons that you can put to the CaFM apparently and will mean 
it can be integrated together.    
 
[Interviewee (I11)] = In relation to the process, possibly it could be linked. It depends on how the projects are 
developed and could be integrated to project management.  
Personal notes from the interviewee= Yes, improvement in Coordination through 3D Model & Later Clash 
detections & BIM Collaboration products. Improvement in design 4 presentations with rendering and Endscape. 
 
[Interviewee (I12)] = Yes there is a link, absolutely. BIM should enable us to get it right at the first time. Avoid 
mistakes, respecting the building, it’s a heritage building. Building on to the model and building on to the real. It 
will work well if we do things like using the BIM model to see how to solve the vertical circulation that will aid with 
communication. The model gives people confidence and makes them to respect the building, which speeds the 
process up there. If we use the model for works method statements and having a trade of specific statements, so 
its each work element that the model will identify what the requirements are for each element. With some people 
working on site, they won’t understand the language (English), but showing them something visual, they will 
understand it. This will enable clarity, communication, so it’s a good communication tool and is a good saving time 
and money. They all link together, and also, is about efficiency. 
[Interviewee (I13)] = Completely yes. It is very tangible in terms of BIM processes just allows you to create 
efficiencies and all across the construction sector and certainly what we do, whether that’s efficiency in terms of 
planning and using the models or having some sort of information that feeds into various elements. We use our 
model not just for construction detailing or preparation of construction information but goes out on 3rd party 
pieces of software for rendering, for legalisation, for interactive walk through using BIM 360. That one piece of 
information makes it very efficient and keep creating custom content for everything, for all the information also 
around that one information source, as long as that is well maintained and then you can pull that out for cost in 
phase and use that to help for logistics planning. The efficiency is really good as far as your creativity can stretch. I 
think it’s very tangible, measurable benefits in terms of using BIM across your projects.   
 

[Interviewee (I14)] = In terms of, it’s a very good question. I think yes, but its kind of getting to the route of how 
they link together I suppose. Collaboration (BIM) is productivity (KPI), because the more you can collaborate, the 
less you have to double handling of things, and that makes productivity better, because the more we can work 
together; instead of almost fighting against each other, the more productive it is for everybody. That’s huge for us, 
that’s the biggest part of Level 2 BIM is that collaboration to be honest. We spend a lot of time on the start of the 
projects, actually more say we spend 2 hours now and collaborating with the rest of the design team, it will reduce 
the time upfront. It’s a pain for us, we take that approach every time and it’s trying to work with organisations to 
have that similar ethos I suppose. If they have that collaborate ethos, then it will be great for the team, but you do 
get some organisations such as M&E engineers, that’s just an example. You don’t have that and you’re constantly 
battling with them, it’s timely and you end up not getting any quality out of it. I suppose that comes with sharing, 
where we’ve got 1 contractor we’re working with (from Wilmott Dixon) and they try to share as much as possible 
with their kind of standards with the design teams that they keep going back to, so with consultants as well. 
Because they know that collaboration and sharing from them, feeding that to the design team and bringing these 
things together, and it means they get the product they want at the end of the day. They get a model or a series of 
models that is easier to federate and easier for them to work with and something they can use to do other processes 
such as time and cost planning, so its all about that collaboration and sharing. Facilities management is a weird 
one, because we rarely get EIRs sent through, very rarely, despite some projects wanting to be Level 2 BIM. The 
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Department for Education, they got all that sorted out, we always get their EIRs through the contractors that we’re 
working with in a framework. Whether any of the Facilities Management teams across the UK, the various councils, 
schools, end up using the information that we got into the models the very minute, I doubt it. I think there’s a lot 
of wasted time in COBie, I think in the minute it is a huge investment in our time, to input the information that is 

often irrelevant. We have a much bigger workload, it doesn’t necessarily mean that what’s in market place 
is what we want. They’ve actually talked to the client and said, do you actually need all of this?. A lot of clients 

go, yes give us COBie. We say what is it that you want from it, what are you going to use it for?. In the private 
sector, as I suppose to the public sector, we’re doing a lot of schools in the minute. The projects that the contractors 
are trying to push for Level 2 BIM they’re also asking for COBie information. But these are projects in the private 
sector that don’t have an end user to in mind, so there’s no Facilities Management team, there’s no EIR I suppose, 
and there’s no engagement in terms of who’s going to be writing the building. A good example, a lot of schemes 
that are going around here are PRS schemes (Private Rented Sector), which are built by developers who will end 
up selling the buildings eventually to an operator, who will then operate a building and rent out apartments. They 
don’t know that until the building is complete. They don’t know who they’re selling it to, or who will be operating 
those buildings until they have been signed off. So we’re finding on those projects, its almost a complete waste of 
time doing COBie, because nobody knows what’s it gonna be used for, nobody’s got any idea, there’s not that kind 
of (Stage 1: Strategic, this is what we want in the end of the project). 
 

[Interviewee (I15)] = Yes and linking the BIM with KPIs will improve your profitability and productivity, 
sustainability, basically all of your KPIs. It should be an enabler for all of the KPIs, in terms of Benefits, it will reduce 
cost certainty, it will reduce your programme, reduce your risk. I see the benefits of this. I’m pushing these to 
everybody and anyone because most of it focuses on facilities management, and because we have a massive issue 
with delivering stuff then we realise how much more it’s going to cost to operate it, because its twice the size, 
twice amount of people, and they could actually manage it better if they better information and pass this on them 
and KPIs out there. We are just developing our asset management office capability in the same time, which hopes 
to put some of the KPIs against the benefits that BIM brings because part of our asset management and asset 
information strategy in a higher proper level; BIM is and all the standards of Level 2 BIM is highlighted as a key 
enabler for our business operations. I’m assuming there is KPIs that will come out of this. So the current ones are 
Profitability and Safety. I would imagine that sustainability will be, and this year it will be definitely in our KPIs, 
because there’s a lot going in there and that stuff and all the main focus congest on deal and all the stuff to do with 
environment. But it is not filtering them down to project strategy and people, and we have got to hit certain 
targets, but there not, there’s not type of, I mean you know if you notice on the interchanges that we have doing 
on our sustainable and we’ve got this out of the other, but it’s, yeah I’d say sustainability as well. 

 
Section C- Level 2 BIM Maturity-KPI assessment feedback  
BIM maturity and KPIs working together, benefits expected to emerge from combining both, and 
recommendations 
 
8) Do you feel measuring your Level of BIM maturity allows you to determine its impact on the KPIs? Why? 
 

[Interviewee (I01)] = I think so. We don’t assess ourselves enough. We assess the supply chain. We used to assess 
our teams more. The assessment we can do a lot, but it’s the results that what we’re gonna do to meet the change. 
That change takes time. In that productivity, availability and whatever reason there is. Our business time 
disappeared. Some of the things we have to fix on how to upskill the business. We don’t have the time to teach the 
business, or actually learn. It could help. We know how our businesses is set up. Might adapt a little bit for individual 
businesses. It gives you a high-level view, but it doesn’t give me what I do to fix, and how do I resolve this. KPIs don’t 
provide a way to resolve it either. So it’s that next level, there is a piece in there that what needs to happen next, how 
do we drive change then to our business. We’re driving learning contracts with people or setting personal goals, 
offering them a career to give them requirement and have these competencies within them. So if you’re a QS, you 
need to do these actions with a model to comply with a QS in the business, and if you don’t then you need  to go on 
courses, you need this support. We have a training strategy, we have a training matrices that we we’ve done for the 
whole business. So we offer back in this, and maturity of our business, and our internal one. We then go away by 
each function that has a box, and it goes in there and tells you where do you need to be, and the function sets 
themselves targets (in 2 years, I need to be competent in that level, and competency means this, so you need to go 
on this training to help on your career development. Doing the next step. Action plan.. 
 

[Interviewee (I02)] = Yes, there is a direct impact, if you know someone is not capable of delivering something, which 
has not been implemented, at least you know how to improve it. 
 

[Interviewee (I03)] = Yes, definitely. If you have something that you can look at and reference and have on paper, 
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you can measure against that (BIM assessment). Could use that as a basis for the KPIs. Ex.. I need to look at project 
reviews, you can start to measure against project reviews; put something in place to make sure it happens. 
 

[Interviewee (I04)] = YES. Because you can measure your BIM maturity through the KPIs and improve your BIM 
maturity based on the KPIs that you established. So in the process will be measure your BIM maturity, create your 
KPIs, and find out where the problems are, improve it, and then re-measure it. [Continuous improvement cycle 
(LEAN)].  
 
[Interviewee (I05)] = Questions with the KPIs, who am I targeting? So the client is asking the question, where am I 
with BIM and what am I getting out of BIM? And with your KPIs, you say here is a series of measures to reflect on 
those things that you valued and tell you where you are in this chart (Low, High). Note: So I think ultimately, the 
outcome of what we are doing by talking out to the clients is so we can get an idea of; if you fall under Consistency, 
then we know your KPIs measuring Time & Cost certainty. Something to consider with the spreadsheet: One of the 
dangers of doing this, is if you have a top level, people scoring at consistency level, then where do they go? What’s 
the next step, just plateau. Where is with BIM, the way I understand it that it’s a part of a developing process, is that 
you keep on learning and keep on adding information. So you get cog 2, 3, 4. You’ve got to have a reason why and 
making sure that when you come to do a scoring index, that there is room to go to the next level or a flowchart that 
you’ve come to the end of that process, so you go around again. But this time, we want 10% better. You keep on 
getting 10% all the time. So there is a reason why your doing it and next time it’s a little bit harder. Otherwise, we’re 
just going to do the same thing year after year. 
[Interviewee (I06)] = YES. It does something to aim for. We could see where we can benefit, where we at, and where 
we’re weak. 
 

[Interviewee (I07)] = YES. It has a major effect on the project and to the client. 
 

[Interviewee (I08)] = We haven’t got the BIM model in place. The KPIs doesn’t fit to tie with BIM. How we apply the 
KPIs is very simplistic, and is it cheaper? On budget? Have you had any accidents? So we are not measuring what 
impacts the KPIs or what drives the KPIs. Because we’re not moving forward with BIM and understanding what it’s 
doing and what it’s NOT doing for us, then we are not compliant to measure that impact. 
 

[Interviewee (I09)] = Yes, I think so. The variable that plays a critical role in this is referred to as (Capacity). How 
much experience does the team that’s delivering this have. In terms of maturity, you got the tangible elements listed 
here, but there is a maturity of so how many of these projects has the project teams done before? Which I think is 
still an element of maturity is about the maturity of the skill of the participants. Which I think is that level on top of 
all of this. So if you have the right way of working and people have done it multiple times, then you’d expect that to 
have an impact as well. So I think that’s just the other dimension of this that would fit, so I think that the way we 
would normally see this happening is through the trial projects strategy. Because we’re looking at programs in a 
national level, we would see BIM being introduced incrementally, and there is 2 reasons for that: 1) For learning; to 
unlock learning and one of them is to minimise the risk. We introduce change gradually, not because we couldn’t go 
to the final solution, but because we want to learn quickly, and minimise the risk of doing big change. So I think that 
might be a way of, rather than going (We only got 2 stage, start and where we want to be) we’ve got that possibility 
of having different levels of maturity in the process through the trial project strategy, and being able to see the 
correlation between where we are on that particular project vs what the benefits are. 
 

[Interviewee (I10)] = The more mature the BIM model, if it’s in the green column, will give you better data to analyse 
to get more accurate KPIs. So now this is how we use ourselves, but it will be interesting that when the project is 
finished, to come back and see if we will give it the same scoring numbers, because sometimes we don’t have that 
what we want in the beginning, but sometimes we don’t/ visit that back in our project in the end, and say yes we 
achieved that, so I think KPIs could be used as measuring tool every 6 months or something and go back and say do 
we still fit in, are we still on track for this, in the end we see if we did hit on what we said we’re going to do, so it’s 
like a measuring indicator. 
 

[Interviewee (I11)] = Yes it gives you a greater appreciation, that could be done as a part of a management process 
throughout a project that would be ideal. As architects, we would want to be designing and buildings and not doing 
too much processes. That would be ideal for us. As BIM levels develop, we should see greater efficiencies, in terms of 
the production of the information. And hopefully more savings in terms of past issues on site and reworking of items. 
Rebinding to the same level of production of BIM information would by into the subcontractors if they won’t be 
develop the same level of details and integration into 3D models, which is where things start to fall down. Personal 
notes from the interviewee= Yes, probably. Greater integration of Services & design with the whole supply chain 
should generate more efficiencies & savings. However, it is important that additional complexity is not adopted for 
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the sake of greater integration as a “tick box” exercise. _ e.g. Are all Consultants or Client’s going to make use of the 
additional data?. 
 

[Interviewee (I12)] = Yes it allows. What you’ve done is looking at the organisational levels holistically, looking at 
the requirements associated for each one. So if you look at that critically and your identifying what’s important for 
you or for BIM maturity, so you then pull the KPIs out of that and structure with something nice to have, so yes I think 
this is quite smart in that it really defines what’s important. For me there is certain thing I see in here that are 
important and by bringing in Culture and Safety into it, I think it is good.     
 
[Interviewee (I13)] = To a degree, yeah, but it becomes down to who is reviewing this. Linking to question 10- Study 
weaknesses and recommendation??: you as a knowledgeable student looking at BIM has an ability to look at this, 
numbers are 1 thing, bit of responses are also useful because you can sort of pick through it and see what everybody 
understands, and whether see if they are copying and pasting something from the internet, but again it requires 
someone knowledgeable to actually be assessing these in the end. If it is just done by a project manager in a local 
authority who doesn’t understand this, the process and have the experience to understand what all these documents 
are, how they are arranged and how they’re updated and reviewed and provided that part of the process. There’s an 
awful lot of companies out there who say they can do things, like I write all this stuff down and you read it and then 
fill it and yep he knows exactly what he’s talking about, as a result of both of us sitting through this, we know how 
this works and what the outcomes of it are. But you are having this, because you are having to get 1 to 1 engagement 
on this and talking it through. So how do you get that level of cognisance from a bunch of tables and numbers. That’s 
the tricky point, because these are all great, they are all useful tools, but there’s nothing stop anyone from writing or 
answering that. It’s only if it doesn’t come out of the KPIs, at the end of it, then you can say its by that point that they 
already lost you millions of pounds through inefficiencies in terms of process delivery and management on any 
project. So as well as this, I think there needs to be an interview process that goes through it, or some sort of a 
knowledge bank or some sort of a Q & A, it’s kind of becomes to our practice as an interview process to revit test. 
Because you can say you can use revit, but using and understanding revit is a different task. You can use you know 
what an EIR is, or what Master Information delivery plan is, but until you actually start to use and seeing the benefits 
of it then you can start realising it. Maybe you need some sort of evidence base to go on site something like this.     
 

[Interviewee (I14)] = I think so yeah, I think; I’ve got an intrigue which is how we go about reassessing our BIM 
maturity internally and then what benefits are we getting from BIM, and those benefits I suppose are the KPIs, we 
don’t have any strategy internally, for reviewing. We don’t have any internal KPIs I suppose, in a formal sense that 
they’re all very vague. I think you’ve got a good link here, and I think what will be interesting is, I’ll go away to our 
BIM manager Keith and have a chat about those BIM organisational levels. 
 
[Interviewee (I15)] = Without maturity, we’re not able to see that link. Things like speed and success of handover 
and how they measure that. Obvious is programme certainty could all be linked back to this. 
 

9) Do you think there is any core benefits that enables you to assess the impact of the level of BIM maturity 
on the KPIs? If not, then why? 
Prompt: As a concept, do you feel this would be a benefit, and if it isn’t, then why not and how it could be 
improved? 
 

[Interviewee (I01)] = I’d like to think we’ll get to the clients, we’re clearly delivering exactly what we are doing, Level 
2 without any additional specialist skills, we don’t have to have a BIM expert in place. We want to go to that point, 
where we have client satisfaction, and we don’t have the battles and having to see. You see where the drivers are 
enabling you for, and that’s where I feel where you look at a BIM maturity, that’s why you can’t have somebody on 
the business, because that should be hidden now, and every company has a BIM expert. We’re not there, we’re not 
business usual, without the experts. Clients will be more satisfied, you get all projects, and you actually see the 
differences in the industry. To make a positive change, you need to measure maturity, you can’t do this just wiley 
niley. What we are trying to achieve, where are we, the action plan to fix it, give yourself a timescale, and the KPI 
could be (Has it changed). 
 

[Interviewee (I02)] = Yes. But you need to implement this in an organisation, for instance, even with this spreadsheet; 
on the question of having a BIM Execution Plan, how would you identify the KPIs on having a BEP. It is understandable 
if you have; let’s say, 20 projects, and you have the questions like that saying: well in project 1, there was a BEP, 
project 26 there was no BEP, looking at the cost then this is how it is affected, so in the KPIs this is how you would 
say that by having BEP and EIR were delivering a better project, and you will need some kind of a matrix of compare 
it with. On the moment, on a project basis, I can just guess but I am not sure what will be there. On an organisation 
basis, if I had all this information recorded project by project, so your giving an outline for a project, this is what 
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information they are interested in, so these are the core key questions that we will measure against. So, having the 
set of questions asked in each organisation level, and assessing it across 20 projects for example, you could identify 
what went better, you will have your KPIs; Quality, Time and Cost, that would define whether you’re doing correct or 
no. But you will need to have this on the project, so for somebody to answer those questions, someone would need 
to put it on a database, somebody needs to make sense out of it. Identifying who is that person, is it their additional 
role or their main role. I think this assessment is more on a project by project basis, since the questions are mainly 
directed to projects status. When you need to provide examples, such as could your organisation provide 3 Level 2 
BIM projects? this would be grade system to record those questions for BIM examples within the organisations.  
 
[Interviewee (I03)] = Yes there are. Benefits: There is a list of targets to achieve. Achieving maturity 3 (consistency) 
all the time. To achieve consistency, what needs to be done to get there? There is a training requirement, people got 
too much work to do, to measure these against the targets. Beneficial. 
 
[Interviewee (I04)] = Yes there are benefits. Such as improve overall project delivery, add value to the client, 
spreading more knowledge across the project team, spreading more BIM related stuff and they will be more aware. 
The provided list of benefits does align with this, but they will not be measured. The provided list of benefits does 
align with this, but they will not be measured.  
 
[Interviewee (I05)] = Yes. I think one of the drivers that I seem to recall on the early part of the development of BIM, 
in a strand that we have problem with is Health and Safety. It’s just not on the design stage, but it’s also on site. One 
of the things I’ve raised with the contractors is, going through their offices and going to the design team offices, you 
see BIM being used. When you go out on site, when was the last time you’ve seen an operative walking out with a 
computer, and they might be able to benefit from these things. I know a couple of contractors a restarting to think 
about how we could link the model to Health and Safety. What happens is we put some sort of censor that links to 
danger areas in the model, when you know in a certain day an operation is taking place, and you put a buzzer in 
someone’s helmet, so when you walk into the area and it starts buzzing then you would know that you’re in the 
wrong area. So that kind of links that I think should be made. Guys on site, there are too many desks in the 
construction industry. the guys in the drawing office its very rare that they have to be hit by another contractor. On 
site, it something that needs work. The more that we can develop the linkages in between the model and what goes 
on site, the better. Whether it’s just something simple or not, whether you get text message on the phone to say 
where are you, why are you working in here? You should be here or be aware that at that certain time of the day, we 
are expecting certain materials to be delivered in trucks on site, so watch out. You can link the program and the 
model, and all the operations going on site, that would be of tremendous value. These things are very beneficial and 
worthwhile, and Health and Safety is the biggest one.  
 

[Interviewee (I06)] = Yes there are. These are some of the benefits that we’ve got from that particular project. 
Complex design solutions, sequencing and programming. The list of benefits will match and fit with those. [Refer to 
Manchester Town tall complex study for a list of benefits; (Section 4.7; BIM benefits expected for clients, and Section 
4.8; BIM benefits explored in the MCC project p. 45-46)]. 
 

[Interviewee (I07)] = Yes, there are benefits. Such as working collaboratively, there will be openness, projects will 
work on a smoother pace, and not have hiccups. With providing a list of anticipated benefits that are expected to 
emerge from this, I think because I haven’t implemented it, then It is difficult to see the benefits since I haven’t seen 
a project that is fully absorbed to BIM, using all their protocols. I would agree that if there is a BIM project, then all 
the provided benefits will be achieved, but due to not obtaining the experience, then it’s difficult to say. 
 

[Interviewee (I08)] = I don’t think there are any benefits, at least on the short term, because we’ve got to get through 
the real basics stuff of agreement on what we need to do with BIM. What we need to do to make ourselves BIM level 
2, I think the contractors could outrun us, they would be saying I’m doing this with BIM level 2, because where they 
are going with Revit software, intelligent modelling, data communications using conject and data line reasons, etc.. 
we don’t have access to it here. They are ahead of where we are now, and probably will be head of where we will be 
in a year or 2 years’ time. They have the facilities to do more than we ask of them now. They develop this even further.        
 

[Interviewee (I09)] = Yes, I think so. I think that if you have that program of projects, then you’ve got a ligament 
reason to do a number of projects on a number of different levels of maturity. In order to do that incremental change 
and learning, and I think then you can start to see, (well we did a partial on process, but when we did the next project, 
we did it fully, so we got more benefits). So I think that’s valuable and would work. The other thing around 
collaboration is we’ve seen high levels of KPIs where the collaboration isn’t just about working with the CDE and that 
kind of thing, but it’s also about the client and supply chain working together on how we are going to change . How 
are we going to introduce these maturities, what are we going to change, how do we write EIRs if the suppliers are 
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involved in that, even though it’s a client responsibility, then when it gets issued, it’s not a surprise, its achievable, 
people feel like they’ve been involved. So, there is something around collaboration in setting the maturity on a 
project. Also, participating in what requirements are going to be, that can also have an impact on the KPIs as well. 
 

[Interviewee (I10)] = I think there is benefits. Safety and change management and things like that definitely comes 
in the construction period, along with the KPIs. I think it’s based on what stage the KPIs are related, because you will 
have some that are related to the actual construction period, so the safety and things like that, because we’d hope 
our project is safe, we’d need a KPI on that and move forwards. Based on the list, some relate more to the construction 
period, so like improved communication and collaboration that would be construction phase, improved certainty 
and reduction and programme certainty is construction phase, performance certainty comes after, it’s a KPI that 
we can put on the contractor and say we want to achieve coordination of this. Performance and Improved user 
satisfaction- as an occupancy KPIs. We don’t particulate build on safe buildings, it’s the process of constructing where 
the main risk is, once that the building is handed over to you. I think that’s how we use the KPIs pf what we set out 
in the 1st place, and is it being achieved and has it being achieved in the end. Complaints on occupancy that it’s too 
hot or its too cold, it’s these sort of things that very much once we complete the building like new Adelphi, whilst 
there’s a period of time for staff to get used to the new environment, there will be a lot of issues in for us, where 
people will say all the lights are too bright for me, or its too cold in here, but when I go over there, it’s too warm.  So 
the actual performance of the building working as it was intended or designed to be; is an important KPI. It’s also 
about culture and change management, because when we take people to different building, it’s not just about the 
technology of it, but is it about the environment. Sometimes what we do, is we train the building managers, and 
everything like this is how it will work, and they get it, but not the uses.  So if we are in Computing Science and 
Engineering (CSE) we need from everybody how the building works, for example in New Adelphi, the windows are 
automatically open, and based on CO2 levels and temperature. When New Adelphi was built, there wasn’t a mass 
thing. Any new technologies or anything that we use in the new building, we will sit down with the whole school and 
explain to them about it. We need to manage the change in people, that’s the thing that we will face. Managing the 
change and culture in people. That is very technical, but that’s the same with our technical staff in the FM team. We 
need to take them on the journey with us. Now you’ve got the tablet, then we need to step it up a level; this is  how 
we’re going to use the BIM, this is how we’re going to operate BIM in the building and make a move forward.    
 
[Interviewee (I11)] = Yes. Allow directors to assess any time and cost savings benefits, and this could be reflected on 
more competitive quotes for future work. Personal notes from the interviewee= Allow the Directors to assess time 
savings or cost saving benefits of BIM and reflect this in more competitive quotes to clients to extra business. 
 
[Interviewee (I12)] = The big thing that is lacking from the industry is the evidence and case studies, where BIM is 
being delivered to a high standard and KPIs like safety, project delivery, and that is something that has been lacking 
for quite a long time. 
 
[Interviewee (I13)] = Yeah, its good as a general maturity assessment, and it’s a lot easier to fill in rather than the 
lot non-winded ones that you get a lot from contractors and suppliers they go on the supply chain list. I think there is 
benefit to it. Linking to Questions 10- but I think you need something out as well. They need evidence, or you need 
some sort of documented interview, or something else that proves somebody’s competence in the subject. Otherwise, 
it’s easy to review and going (Oh look at those numbers) but there is no validation in there. It needs to be this with a 
2-part thing, case study, or something out. 
 

[Interviewee (I14)] = It’s awareness really isn’t it, it’s kind of that’s the whole point of assessment I suppose. Based 
on the list, absolutely improved collaboration, communication and relationships, I’ve kept touching with that, its 
relationship with clients, contractors, consultants and others, we do find that a big part of BIM, and we see the 
benefits of that. Improved certainty and reduction of uncertainty, absolutely. Contractor’s side that’s the biggest 
win in terms of BIM. It’s doing that kind of 3D work upfront, reducing the risk on site by improving the clash detection 
process, its removing risks before getting on the site before it gets to cost more. As a consultant, we never see the 
benefits of that. Where the information we do the clash detection process. We’re probably saving the contractors 
thousands of pounds, so if on site if something goes wrong, that hits their deadline, then their huge financial 
consequences for them. What do you mean by that? Clarification on (out turn cost certainty and reduced risk 
provision) and fits with the previous benefit with the certainty and beyond the cost level I suppose. Programme and 
Performance certainty, yeah, I suppose because it’s all about the standards you know what you’re getting from it, 
it’s that performance certainty that your knowing what you’re getting, especially in that LoD and LoI, if it set out from 
the start, what the deliverables are, there’s no argument. So that the certainty of the product, is almost guaranteed 
I suppose on meeting those standards. Improved change implementation and management, I’m not sure if we really 
see that. Improved Safety, I think it will get there, I think it’s getting more integrated, safety is getting more 
integrated with that design in a 3D sense as I mentioned earlier. So I can see that as a massive benefit going forward, 
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I think that will increase and get better and better. Improved user satisfaction, even just working in a 3D world where 
we’re able to walk lines through buildings, the user satisfaction of clients is huge, because they get to see and realise 
what that building will be before its even built. That I think is huge. Reduced lifecycle cost, that will come in, and I 
think over the next 20 years there will be a massive drive in that, in terms of that. As long as the procurement routes 
are set up to integrate lifecycle analysis, that could be massive. I think that will be a huge benefit for the construction 
industry as a whole CAPEX, not OPEX. I think it is all covered, and the risk is the biggest thing, I think the contractors 
are taking it on, and that’s how they can get a competitive edge. If they can reduce their risk allowance on a project, 
in terms of financially, they can be more competitive within the marketplace. If they know they got a supply chain, 
as a consultant team, we’re all working to Level 2 BIM. Your producing that 3D model of a building that’s clash 
detected and before you get to site, their continuance can be reduced, which means they can be more commercially 
operative in the market place, they could get the cheaper price, which means they win more projects. That to me is 
a massive benefit for them, and it’s a massive benefit for us because it means, if we can reduce our risk in projects in 
terms of things going wrong on site when the building finally gets constructed, then we get less loads sits I suppose. 
 

[Interviewee (I15)] = I think for clients in general, if you can link them all together, then it can make it easier to put 
a business case for it. I would need to revisit the KPIs and see where I could say it mapped well on us. If you did all of 
this then we could do all of this a lot better. Because ours is roles based on programme, cost, not as much quality, it 
is based on meeting our obligations of opening dates and that kind of stuff, but obviously this will all greatly help 
that, it provides a nice roadmap to it. Based on the list of benefits, if they could be tied to the KPIs, then that could 
improve the KPIs. In general, it’s a client organisation, and if the benefits of BIM are realised, then this is meant to 
happen. Everybody knows the benefits, but nobody is sure of getting there. So I suppose you will have maturity 
mapping that will take you there. It will take you to the point on how this drives that, to that, to take you there…. . 
This is the sort of workshops that I have to run with my engineers and say to them “you need to specify a bit of design 
that you need a bit modelling, and what doesn’t need to be modelled, and the benefits of this modelling”. In terms 
of project managers, what do you want to see modelled, is it realistic to ask for everything to be modelled, and it’s 
not, but what is the sort of things that need to be modelled or would like to be modelled. We went to the BIM test 
day and decide which was poorly, and with the signage, and we will see how people will experience through the 
model, which will bring big benefits to us. How working through that and understand that 1) Not understanding the 
BIM uses, and detailing it off, which could have a massive effect on our KPI for our opening dates and handover 
process because we might not be able to take over the building. Through a mapping process, the BIM elements could 
all be linked with the KPIs. 
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Appendix G: Chapter 8 Additional information on Questionnaire Survey Questions 

 



512 | P a g e  
 

 



513 | P a g e  
 

 



514 | P a g e  
 

 



515 | P a g e  
 

 

 

 

 

 

 

 

 



516 | P a g e  
 

 



517 | P a g e  
 

 

 

 

 

 

 

 



518 | P a g e  
 

 



519 | P a g e  
 

 

 

 

 

 

 

 



520 | P a g e  
 

 

 

 

 

 

 

 



521 | P a g e  
 

BIM-KPI relationship assessment across all organisational levels 
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BIM assessment across all organisational levels  
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Regression analysis 
scatter plot diagrams for 
all organisational levels 
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Appendix H: Chapter 9 Additional information on Validation sessions  
Validation Workshop 
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