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ABSTRACT 

DANESHVAR, MINA, S,. Masters, Masters of Science in Engineering Management: 

January: 2021, Masters of Science in Engineering Management. 

Title: Integrating Lean Construction and BIM for Facilities Management: A Paradigm 

for Perpetuating Lean Benefits in the Qatar Construction Industry. 

Supervisor of Thesis: Dr. Khalid, Naji and Dr. Farayi, Musharavati. 

This study aimed to develop a conceptual framework for effective Facilities 

Management (FM) in developing countries through exploring the benefits, barriers and 

success factors associated with the synergy between Lean Construction (LC) and 

Building Information Modeling (BIM). This was accomplished by using a mixed 

method approach comprising literature reviews, surveys, interviews (structured and 

semi-structured) and framework development. The Qatari construction industry was 

used as an illustrative case study. Key findings of this research show that Facilities 

Management can be improved by capitalizing on the synergy between Lean 

Construction and BIM. In addition, the wide-ranging responses from the majority of 

participants in the construction industry in Qatar revealed that integration of Lean 

Construction, BIM, and Facilities Management requires a collaborative effort among 

construction companies that will hinge on success factors such as: sharing of training 

for employee development, continuous improvement, and leadership. This integration 

was also found to face challenges that include: culture and language barriers; high 

implementation costs; inadequate organizational infrastructure; and less trained, 

skilled, and educated staff. Based on extensive literature reviews, survey responses, and 

input from the synergy between Lean Construction and BIM, a 4-level strategic 

conceptual framework for Facilities Management was designed in the form of 

interactive matrices between; Lean Construction and BIM, Lean Construction and 
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Facilities Management, BIM and Facilities Management, and BIM, Lean Construction, 

and Facilities Management, and an implemental level framework was designed 

between BIM functions and Operations and Maintenance principles. The framework 

was validated through a mix of structured and semi-structured interviews, which led to 

the identification of important themes and development of a generic model for the 

proposed conceptual framework. Overall, the study showed that BIM and Lean 

Construction principles can be integrated to fulfill the desired targets of an effective 

Facilities Management framework. Implementation of such a framework is expected to 

provide a new perspective on Facilities Management that perpetuates lean benefits 

throughout the life cycle of a constructed facility. This is expected to maximize value 

in the built environment to the satisfaction of facility owners, users, and customers.  
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Chapter One – Research Overview 

Introduction  

Globally, the construction industry has experienced an exponential growth. This 

is even more evident in rapidly developing countries like Qatar, in which massive 

constructions are underway to meet new construction needs for FIFA World Cup 2022. 

Under such circumstances, it is important to ensure quality and continuous 

improvement in all construction projects. This will ensure that the constructed facilities 

are of high quality and the resulting built environment will provide satisfaction to the 

owners, users and customers. Since most of the massive constructions in Qatar are for 

public use, the National Public Works Authority, Ashghal, is heavily involved in the 

construction and management of these facilities from design to end of life. 

Consequently, the public works authority in Qatar has expressed the need for all 

contractors to implement lean construction principles. To this end, the construction 

industry in Qatar has embraced lean and a Lean Construction Institute chapter in Qatar 

has been established.  However, the depth of lean implementations across the 

construction industry in Qatar has not been evaluated. Therefore, various companies 

and contractors are at different levels of applying lean starting with lean awareness, 

lean preparedness, actual lean implementations, and lean maturity.  

While the construction industry in Qatar has recently embraced lean, 

construction industries in other parts of the world have been implementing lean with 

benefits. In addition, most construction industries around the world have been 

effectively using the Building Information Modelling (BIM) tool. Like most developing 

countries, the construction industry in Qatar has taken time to fully deploy BIM in 

construction management. Some construction industries are using the Building 

Information Modelling (BIM) tool to enhance and deploy information in their 
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construction projects. However, research has shown that some of the functions of BIM 

can be applied in Lean Construction deployment with benefits. For example, BIM can 

capture data that can be made available for integrated lean implementations and 

decision making through data visualization techniques. Hence, the advantages of 

integrating BIM and Lean Construction can never be overemphasized. Albeit, some 

parts of the world and some construction companies are yet to embrace the benefits of 

integrating Lean Construction and BIM. 

While the integration of BIM and Lean Construction has proved to be very 

useful in construction management, the impact of this integration on facilities 

management is not well known and has not been thoroughly explored, particularly in 

developing countries like Qatar. Currently, most facility managers regard BIM as a 

mere modelling tool, thus foregoing the capabilities of BIM in data visualization in 

addition to the potential benefits associated with capturing, integrating, and deploying 

lean construction information.  In this regard, the use of BIM in construction 

management can be tailored to produce high quality information that may be essential 

for more effective and more efficient facilities management. 

In the integration of Lean Construction and BIM, BIM can be used to capture 

important construction information generated during the construction phase. Although 

lean principles can be applied directly to facilities management (as in lean facilities 

management), it is crucial to investigate how information captured in BIM during the 

design and construction phase can be used to inform facilities management. For 

example, appropriate operational and maintenance methods that reduces operating and 

maintenance costs can be derived and verified at the design and construction stages and 

the resulting information captured in BIM. In addition, the information and data 

captured in BIM can also be used later in facilities management to simulate and 



 

4 

 

optimize various scenarios of operating and maintaining the lean constructed facility. 

Hence, it is worthwhile and necessary to investigate how the integration of Lean 

Construction and BIM can be developed to support the management of constructed 

facilities throughout their life cycle.  

While the transition from construction management to facilities management 

can be enhanced by data and information captured through BIM during the design and 

construction phases, the usefulness of BIM in facilities management has been relatively 

less researched.  This is despite the potential capabilities of BIM, such as: data 

visualization, simulation of alternative operating scenarios of a constructed facility, and 

information deployment. Although BIM can capture useful information, the large 

volumes of data and information captured in BIM is overwhelming and hence; may 

also lead to information inefficiencies (a type of lean waste). Hence, there is a need for 

streamlining BIM data and information collected at the facility design and construction 

phase to realize effective and meaningful contribution of BIM to facilities management. 

This data can prove to be very useful in decision making as well as in guiding facilities 

management in achieving an excellent built environment that will perform the functions 

for which a facility was designed and constructed. This line of thought brings in the 

need for a new way of looking at Facilities Management, i.e. knowledge-informed 

facilities management that is expected to lead to sustainable management of constructed 

facilities. This leads to the following research question: How can Lean Construction, 

BIM and Facilities Management be integrated in a collective model for continued lean 

benefits throughout the life cycle of a constructed facility? 

In line with the concepts discussed in previous paragraphs, it is therefore, 

necessary to investigate the benefits, barriers, challenges, and success factors for 

integrating Lean Construction and BIM into a Facilities Management framework. This 
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thesis argues that the synergy from the integration of Lean Construction and BIM can 

provide an effective and efficient framework for perpetuating lean benefits from design 

to end of life of a constructed facility.   In addition, the interactions among lean 

construction, BIM and facilities management theories can provide more guidance to 

facility managers on how to optimize the performance of facilities.  

 

Research Background  

Lean Construction: Lean construction refers to a means of designing production 

systems within a construction setting, which aims at decreasing efforts, time, and waste 

materials (Emuze A & Saurin A, 2016). Lean construction makes sure that a project is 

performed quickly and at a lower cost without compromising on quality. Additionally, 

it aims to maximize value and productivity by reducing costs such as design, project 

maintenance, and activation. Certain characteristics characterize lean manufacturing. 

For instance, it involves concurrent designing and engineering. Also, objectives for 

delivery systems are set explicitly and project control is implemented across the project 

cycle from design to delivery.  

Lean Implementations: Insightful lean implementation is essential for great-

value productivity and corresponds to strategic decision-making concerning the 

delivery of construction projects. Nonetheless, lean construction is challenging to 

implement and requires high levels of coordination and communication. For instance, 

it becomes more challenging when deciding which of the lean tools to implement and 

the time to implement them. Also, changes in management greatly influence lean 

implementation. Lean implementation can be referred to as a transformational process 

that is required to support organisational development along with process improvement. 

Thus, during the lean implementation process, it is vital to determine the lean tools that 
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are most suitable for a particular setting. By doing so, contingency and situational 

variables can be permitted and accommodated in the lean transformation. However, 

several vital aspects determine the successful implementation of lean construction. 

Among these factors are: finance organisational culture, leadership, management, 

expertise, and skills alongside others (Saad et al., 2006). These factors are among the 

most relevant critical concerns for any successful implementation of lean construction.  

Lean Construction Productivity: For any construction project to remain 

competitive and profitable, it is necessary for management and construction teams to 

find methods of maximizing value and efficiency, minimising waste, or completing 

more practical construction with fewer costs.  Lean construction productivity focuses 

on the means through which lean construction principles are applied in order to 

challenge old-fashioned processes and continually assess methods to eradicate waste 

and inefficiencies (Thomas, Horman, Minchin & Chen, 2003). As a result, productivity 

is increased, quality is enhanced, operational costs are minimised, a smoother operation 

is maintained, and advanced execution is realized.  

Building Information Modelling: Building Information Modelling (BIM) is an 

intelligent 3D model-based process that gives architecture, engineering, and 

construction (AEC) professionals the insight and tools to more effectively plan, design, 

construct and manage buildings. BIM has proved to be one of the most promising recent 

development implementations in AEC.  Through the application of BIM technology, 

an accurate virtual model of a building is digitally constructed. This BIM model is 

usually employed by AEC professionals to plan, design, construct, and operate the 

facility. Therefore, a high-quality BIM model can prove to be vital in managing the 

constructed facility. A BIM model aids the architects, engineers, and constructors in 

visualizing the building that will be constructed in a simulated setting. Through this 
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model, they can identify any potential design, construction, or operational issues, thus 

further providing an insight into the best way to manage the constructed facility (Azhar, 

2011). BIM brings about a new paradigm within the AEC, which inspires the 

integration of the roles across all the stakeholders within a project. Furthermore, this 

model is essential during the generation of design documentation necessary for the 

construction process.  Also, BIM helps in bringing about ways that are more effective 

in designing and constructing buildings, not just as a means to satisfy the global demand 

of increasing population but to create spaces that are smarter and more useful too. BIM 

mandates have increased across the globe since BIM allows the building teams to work 

more efficiently and enables them to capture data that they create during the process to 

benefit facilities management i.e., maintenance and operations activities.  

Building Dimensions: There exist certain pre-defined purposes for which the 

BIM Model is used. These purposes are called use-cases in which existing BIM 

information is integrated with particular parameters. Such additional pre-defined used 

cases are known as BIM dimensions (Charef, Alaka & Emmitt, 2018). BIM dimensions 

help in terms of enhancing BIM model-based data, which in turn enhances the overall 

understanding of any construction project (Vanhoucke, 2013). Its dimensions include 

basic ones such as 3D and 4D, and other sophisticated ones such as 5D, 6D and 7D. 

The 3D dimension is related to geometry, i.e. three-dimensional geographical structure. 

The 4D dimension is related to scheduling, timeline, and duration. The 5D dimension 

is related to budget analysis and cost estimation. The 6D dimension is related to energy 

efficacy and self-sustainability. Finally, the 7D dimension is related to facility 

management information (Charef et al., 2018). Besides these BIM dimensions, BIM is 

also use by the ISO 19650 standard. The international standard focuses on information 

management throughout a building lifecycle by employing BIM (Vanhoucke, 2013). 
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Data Visualization: Data visualization refers to the process through which small 

data is transformed into big intelligence. This whole process is achieved by taking the 

raw data, which is then converted into something attainable, and subsequently 

displayed to drive meaningful conversations. Currently, data visualization has led to 

the transformation of the construction industry and continues to transform (Chau, 

Anson & Zhang, 2003). However, there exists a challenge in the construction industry. 

Just like other industries, much of the data collected cannot contribute to the big picture, 

which is necessary for helpful, profitable, analytic, and information availability. Since 

the construction industry is characterized by huge amounts of resources, it also has high 

amounts of data. This may lead to information inefficiencies that can translate to less 

productivity. 

Data visualization is very helpful in the construction industry in many ways. 

For instance, through data visualization, a platform is provided whereby owners and 

constructors can see the variation in price between costs in the future, changes in plans, 

among others. In data visualization, every element in the design is tied up to a cost 

estimate, and they are integrated fully so that the solution changes visually. In the 

present, the tools available for AEC companies have put an end to the waste of 

materials, money, and time. Through data visualization, all the stakeholders that are 

involved in the construction are brought together. Every stakeholder has the ability to 

see the numbers in real-time and can contribute to the discussion. Consequently, this 

reduces risk and offers a higher reward in the construction industry. However, data 

visualization software has a major downside in that it lacks realistic site management 

features, such as analysis of resource necessities for individual construction activity, 

generation of site facility layouts, quantification of construction materials, and cost 
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evaluation over a specified time period. These drawbacks can be addressed by 

combining data visualization with BIM. 

Facility Management: Facility management is a profession that entails multiple 

disciplines like planning, design, and construction. It also entails managing space to 

make sure that there is adequate functionality in the built environment by integrating 

people's processes and technology. Facilities management theory entails an enormous 

scope. It can take the context of property management and maintenance. It can also 

include other contexts such as renovation, refurbishment, and retrofitting in constructed 

facilities. Under construction management, the best concept of construction is already 

put in place, but as the world continues to change, it is necessary to revise it. Facilities 

management also significantly contributes towards creating new and better knowledge, 

leading to the betterment of construction industries. It encompasses enhancing 

corporate facilities policies, real estate space inventories, long-range forecasts, building 

operations, maintenance plans and furniture inventories, and projects. Simply, facility 

management may be defined as the processes that are involved in managing all the 

multiple services that enable a facility to be profitable to the investment owners and a 

productive environment for the users.  

Since constructions are complex physical structures, they require a wide 

spectrum of services in order to run properly and efficiently. Facility management relies 

on the skill, vision, and experience of its practitioners. However, currently, it also 

depends on  powerful computer-aided techniques. This methodology offers, with 

pinpoint accuracy and an everyday picture of how all the facility-related services are 

functioning, where the problems lie, and in what way they are affecting costs of 

generating synergy, alongside other factors (Yassin & Razali, 2020). In construction, 

facilities management can be offered by managing agents, full or partial-service offered 
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by multi-service companies. There are a significant number of activities that form the 

integral management criterion of facilities management. Some of these activities may 

include asset management, space management, estates strategies, procurement 

management, sustainability, budget management, quality assurance, asset exploitation, 

and income generation, alongside others. Therefore, facilities management is a crucial 

undertaking that can mean the difference between the success and failure of a 

constructed facility. Due to the wide scope of facilities management, illustrative 

facilities management examples in this thesis will be derived from facilities operations 

and maintenance. 

The importance of facilities management cannot be overstated. It is expected 

that there be continuous improvements in facilities management in order to maximize 

facilities performance and the built environment while minimizing operating and 

maintenance costs. In this regard, lean manufacturing principles have been identified 

as strong contenders in improving facilities management. While lean construction has 

taken centre stage in the design and construction phase of a facility, many researchers 

have made attempts to harness lean manufacturing principles into facilities 

management. This has led to the concept of lean facilities management. 

Lean Facilities Management: Lean facility management is defined as an 

effective approach of identification of waste so that facility management costs can be 

minimised (Gao, Pheng & Tay, 2020). Organisations apply lean facility management 

in order to identify wastes, examine their potential effects, and thus, eliminate the 

defined wastes for attaining proactive facility management (Olesen et al., 2015). 

Construction managers in a facility apply lean facility management in terms of 

identifying different types of waste that arise daily in any facility. Common types of 

wastes in lean facility management are related to transport, inventory, waiting, motion, 
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over-production, skills, over-processing, and defects (Wyton & Payne, 2014). 

Generally, lean facility management should be applied throughout the construction 

facility lifecycle, such that it initiates with preliminary concept development and ends 

up to final recycling or deconstruction (Gao et al., 2020). However, the most common 

application is to apply lean manufacturing principles in facilities management after 

project delivery. In this sense lean facilities management is more of a reactive approach 

that is implemented to improve facilities management after project delivery. The 

argument presented in this thesis lies in that facilities management should start at the 

design stage of a constructed facility and carries on during the construction phase until 

end of life of the constructed facility. BIM functionalities can be used to capture data 

and information relevant to facilities management from the design phase up to the end 

of life of the constructed facility. It is expected that this proactive approach can enable 

the realization of more benefits in, for example, facilities management functions such 

as operations and maintenance, in comparison to benefits that can be attained using lean 

principles as a reactive approach to in adequate facilities management.  

 

Research Problem 

The construction industry has undergone a number of transformations in the 

past decade. This industry has seen the rise and implementation of tools like BIM and 

concepts like Lean Construction. As highlighted in previous sections, the body of 

literature is mainly researched and based in the western context and there is very limited 

research on lean construction and BIM in developing countries. While some developing 

countries are aware of the importance of tools like BIM and concepts such as Lean 

Construction, the levels of lean construction preparedness and implementations are yet 

to be sufficient to accrue tangible benefits. A number of barriers are also imminent in 



 

12 

 

addition to lack of knowledge and misconceptions about BIM and Lean Construction. 

High construction quality of public facilities produces a high-quality facility whose 

operations are expected to provide excellent service to users. To continue to offer 

excellent service, public facilities need to be operated and maintained at optimal levels.  

However, operations and maintenance costs may spiral out of control if the facility was 

poorly designed and poorly constructed for operations and maintenance considerations, 

i.e. optimized operational and maintenance issues were not considered at the design and 

construction phases of the facility. A proactive approach is to consider the impact of 

the construction quality on operations and maintenance of a facility at the design and 

construction phases. If Lean Construction quality data that takes into cognizance 

operational and maintenance issues is integrated into BIM at design and construction 

phases of a facility, such data and information from BIM can be simulated to identify 

optimal operating and maintenance scenarios that can provide high quality facility 

service throughout the life cycle of the constructed facility. This data and information 

can also prove to be a valuable input to facilities management in terms of helping to 

minimize operating and maintenance costs.  

In line with the quest for improving construction quality, many scholars have 

indicated that construction quality can be improved by integrating Lean Construction 

and BIM (Laine et al., 2014; Liu and Shi, 2017). However, the impact of such 

integration on improving the performance of a facility in developing countries, needs 

further investigation. Further, there are gaps in the research around the 

interrelationships, interactions and synergies among BIM, Lean Construction, and 

Facilities Management.  This thesis aims to explore the synergies between Lean 

Concepts and BIM and how they can be harnessed to enhance Facilities Management. 

The construction industry in Qatar will be used as a case study.  
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Improving quality in the construction sector requires an understanding of the 

contextual and organizational factors that hinder the adoption and implementation of 

quality improvement initiatives that are based on the outcomes of integrating Lean 

Construction and BIM. Such quality improvements are also based on the presumption 

that BIM is being used comprehensively in construction and lean construction 

implementations are beyond awareness and preparedness levels. Although some 

companies in Qatar are using BIM and lean concepts, this may not be true for some of 

the developing countries.  

Most of the construction industries in Qatar are aware of the strength and 

usefulness of BIM but the extent of BIM usage in these industries has not been 

thoroughly verified. Furthermore, very little research in the public literature has been 

done to characterize the impact, benefits, and implementations of integrated BIM and 

Lean Construction in Qatar. Bridging this gap requires empirical work to establish the 

state-of-art in the synergy between Lean Construction and BIM. It is also vital to 

identify interventions that would facilitate or fast track the quality improvements in the 

construction sector through integrated models. This thesis builds on the underlying 

theme that positions the integration of BIM and Lean Construction as an enabler of 

effective Facilities Management, which can help in perpetuating lean benefits in 

constructed facilities. This will in-turn ensure that the constructed facility will perform 

its intended functions at intended performance capacity, effectiveness, and reliability.  

 

Aim, Objectives and Research Questions 

The interactions between the themes Lean Construction, BIM, and Facilities 

Management, has not been well researched in Qatar and this study aims to promote 

better understanding of such interactions in the construction industry (Al-Buenain et 
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al., 2020; Al Mohannadi et al., 2013). Therefore, the overarching aim of this study is to 

develop a conceptual framework for Facilities Management through exploring the 

benefits, barriers and success factors associated with the synergy between Lean 

Construction and BIM. 

To achieve this aim, the following objectives have been identified:  

 To explore the extent of adoption of practices of Lean Construction by the construction 

industry in Qatar 

 To identify the benefits, challenges, barriers and success factors associated with 

integrating BIM, Facilities Management and Lean Construction  

 To develop and validate a conceptual framework for Facilities Management based on 

inputs from integrating Lean Construction and BIM.   

The research seeks to answer the following two questions: 

 How can Lean Construction, BIM and Facilities Management be integrated in a 

collective model for the continued benefits of lean management? 

 What are the contextual and organisational factors that may hinder the effective 

integration of Lean Construction, BIM and Facilities Management?  

 

Overview of Methods  

A mixed method approach will be utilized for this research. A mixed method 

approach enables researchers to combine both qualitative and quantitative research 

methods in order to answer a research question (Saunders et al., 2015). Creswell (2011) 

pointed out that a mixed method approach enables researcher to strengthen their 

findings by collecting different types of data which enhances the validity of the 

findings. Therefore, this study will adopt the following tools for collecting secondary 

and primary data: 
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Literature Review: A systematic literature review using online databases will 

be carried out to explore the Lean Construction approach and BIM approaches. The 

literature review will help in identifying facilities management improvement 

requirements through a comprehensive review of lean construction. Challenges and 

barriers associated with integrating such approaches will be explored to help establish 

a strong theoretical basis for the study and provide better insights on the approach 

adopted for collecting primary data.  

Survey Strategy: A cross-sectional survey design will be adopted for the 

collection of quantitative data from research participants. The population of the survey 

will be practitioners in the field of construction in Qatar, including but not limited to 

project managers, surveyors, auditors and quality managers. The purpose of the survey 

is to understand the current awareness levels on BIM, Lean Construction and Facilities 

Management theories as well as explore the challenges and success factors as perceived 

by the participants. The survey will be distributed to large construction companies in 

Qatar mainly undertaking construction projects as part of the FIFA World Cup 2022 

preparations.  

Questionnaire and Semi-Structured Interviews: Semi-structured interviews as a 

qualitative method and online structured questionnaire as a quantitative method will be 

adopted for collecting textual data. Interviews provide researchers with the opportunity 

to understand the underlying meanings and factors behind a research problem and gain 

further insights by interacting directly with the research subjects.  It is planned that a 

minimum of 5 interviews will be carried out with professionals in the field. Following 

the development of the conceptual framework, interviews will also be used to test the 

validity of the constructed framework.  
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Conceptual Framework Development: Based on the synthesis of the literature 

review along with the analysis of the survey and interviews data, a conceptual 

framework that integrates BIM, Facilities Management and Lean Construction will be 

developed, highlighting the key interactions. The Conceptual Framework would detail 

the organizational changes needed at senior and floor levels to enable the effective 

integration. To ensure the framework meets the expectations of the users, structured 

interviews will be used to test the appropriateness and feasibility of adopting the 

framework.  

 

Study Significance 

This study will be of high significance not only to the academic arena but also 

to policy and practice. Firstly, the study will contribute to the body of knowledge by 

focusing on an area of research that is not widely explored in the Arab World. The 

empirical work of this study will provide an insight about the challenges and success 

factors associated with developing an integrated Lean construction model to enhance 

the efficiency and quality of construction project delivery. Secondly, the study will also 

be beneficial to practitioners and professionals in the field as it presents a detailed 

conceptual framework based on empirical research and involving practitioners in the 

field to identify areas for improvement and suggest new ways of working. Finally, 

policy makers will find this study also beneficial in formulating new standards and 

project management guidance as well as key performance indicators that aim to reduce 

waste, enhance efficiency and improve collaboration, satisfaction and teamwork across 

the different stakeholders involved in the construction journey.  
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Thesis Layout  

This final thesis consists of seven chapters. Chapter One presents a research 

overview. The purpose of this chapter is to present the rationale of the chosen research 

subject along with presenting the aims, objectives and research questions. The chapter 

also highlights the content of the thesis and overview of the methods for data collection. 

Chapter Two comprises a detailed literature review and presents the theoretical context 

for the study through a comprehensive literature review on lean construction, BIM and 

facilities management theory. The various sections will identify facilities management 

improvement requirements through a comprehensive review of lean construction, BIM 

and facilities management theories within a life cycle analysis framework. The sections 

also investigate the potential uses of lean construction, BIM and facilities management 

theories and how these uses can help organisations to continue to accrue benefits 

associated with lean construction, BIM and facilities management theories. The 

literature will also look at current research on integrating lean construction, BIM, and 

facilities management theories in order to improve facilities management of 

constructed facilities.  

Chapter Three outlines the research methodology. It discusses the philosophical 

approach adopted for the research design and strategy. It explains the differences 

between inductive and deductive research as well as qualitative and quantitative 

research, ethical considerations, survey strategy, case study design, data collection 

procedures and data analysis. It will also discuss the limitations and generalisability of 

the findings. Chapter Four of case study presents the findings of the empirical study. 

The survey findings will be presented in this chapter, which will be analysed in SPSS. 

Discussion on the findings and linking the findings with the literature review will also 

be presented in this chapter. 
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Chapter Five presents the development of the Facilities Management 

framework. A conceptual framework will be developed based on the findings of the 

research. It will be validated by conducting a mixture of structured and semi-structured 

interviews with project managers, facilities managers and professionals in the field of 

quality improvement, lean construction and project management. The thematic content 

analysis would be used for the creation of themes underlying the proposed facilities 

management framework. The purpose of the framework is to provide an integrated 

approach to enhance efficiency, effectiveness, and value in facilities management in 

developing countries. 

Chapter Six shows main results and discussions. It will present the findings of 

the structured and semi-structured interviews aimed at verifying and validating the 

proposed facilities management conceptual framework. A generic model of the 

facilities management conceptual framework suitable for developing countries will be 

discussed. A comparative analysis of such a model with models that have been 

implemented in developed countries will be provided. Perspectives on the merits, 

demerits and implementation of such a framework in developing countries will be 

outlined. Lastly, chapter Seven states conclusions and recommendations. It presents the 

key conclusions of the study as well as providing some practical recommendations to 

help organizations implement the conceptual framework to enhance their performance. 

The chapter will also discuss the study implications and provides some ideas that could 

be further researched in the future.  

 

Summary  

This chapter provided an overview of the research subject by identifying the 

research gap and the aims, objectives and the research questions to be answered as part 
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of this research study. This chapter also provides an overview of the methods to be used 

for data collection which will be further explored in Chapter 3, where the rationale of 

the chosen methodology would be justified. This chapter also outlines the structure of 

the thesis and highlights the significance and importance of this research.  
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Chapter Two – Literature Review 

Facilities Management Theory 

 In terms of facilities management theory, facilities management is defined as 

coordination between an organisation’s work, its physical work setting, and its people 

(Toe, 2015). Facilities management is comprised of three interlinked areas, including 

property management. There are four principles of facilities management. The 1st 

principle states that continually planned and coordinated efforts of designing, facilities 

management, planning and construction help an organisation in terms of making it able 

to attain set objectives and improve the job environment. The 2nd principle states that 

different fields of architecture, engineering science, business and behavioural science 

integrate within the area of an organisation’s facilities management, which facilitates 

in terms of overseeing all functions. The 3rd principle states that activities are managed 

in a proactive manner instead of a reactive manner. The 4th principle states that facilities 

management is a business idea in which organisational objectives, resources and goals 

guide financial management procedures and policies (Toe, 2015). 

Facilities management supports service management, and information 

technology (IT) management (Chen, 2017). It is a function of management, because it 

coordinates building management, planning and designing efforts, and associated 

equipment, system and other fixtures. As a result, facilities management facilitates lean 

construction since organisations are better able to attain lean construction goals and 

gain competitive advantage within the rapidly varying business environment (Barker, 

n.d.). 

 A study by Tucker & Masuri (2016) identified the readiness of facilities 

management by showing that it is integrated into construction processes. The study 

highlighted the need for development of a facilities management – construction process 
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integration model so that the profile of facilities management can be enhanced within 

the construction industry. This would lead to better application and attainment of 

sustainable development. According to Jawdeh (2013), there exist several concerns 

related to facilities management in the Middle East construction industry, due to which 

facilities management is considered during the design stage. Another study by Yassin 

& Razali (2008) showed that construction companies in Malaysia are inclined towards 

adopting facilities management due to several reasons, such as for development of 

strong business associations, for enhancement of coordination between various 

services, for better sharing of information between various departments, for controlling 

the construction process, for attainment of better decentralisation in companies, for 

reduction of environmental damages, for enhancements of job flexibility, for granting 

autonomy to workers, for reduction of personnel costs, for improvement of job 

conditions, for controlling work putout, for accelerating the innovation process, and for 

enhancement of the ethical competitiveness of companies. 

 The study by Jawdeh (2013) showed that facilities management is included and 

accepted in the design stage of construction projects in the Middle East because the key 

personnel are educated, well-aware and responsible towards implementing it. Another 

Yassin & Razali (2008) study revealed that facilities management is implemented 

within the Malaysian construction industry in the form of Virtual Private Networks 

(VPN), Location Independent, Computer Added Facility Management (CAFM), 

Environmental Management System (EMS), Three-Dimensional Computer-Aided 

Design (CAD), Computerised Maintenance Management System (CMMS), Planned 

Preventive Management System (PPMS), and Computer Control and Monitoring 

System (CCMS). 
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 The study by Tucker & Masuri (2016) showed that facilities management offers 

benefits in the construction industry in terms of better application and attainment of 

sustainable construction. It further stressed that when facilities management is 

integrated into the construction process, then it encourages facilities managers to show 

the value of facilities management within the construction industry. As a result, four 

main advantages are gained, including innovation, sustainable development, decision-

making processes, and value-added construction. Similarly, Yassin & Razali (2008) 

revealed several benefits of facilities management for construction processes, such as 

high responsibility among employees, higher organisational profits, effective 

monitoring of construction projects, friendly job environment, and adoption of cutting-

edge technology.  

 The study by Tucker & Masuri (2016) adopted the mixed-method design for 

identifying associations between facilities management and construction processes 

within the UK construction industry. Moreover, Yassin & Razali (2008) adopted a 

quantitative approach in which surveys (questionnaires) were conducted, whereas, the 

study by Jawdeh (2013) adopted a qualitative approach within which semi-structured 

interviews were conducted. 

 

Lean Facilities Management  

 There are different industries which have adopted lean, such as healthcare, 

construction and service industries. However, there exists lack of knowledge related to 

the extent of implementation of lean in facility management (Gao et al., 2020). 

Nevertheless, personnel in construction facilities apply several lean management 

principles related to the scope of work.  These lean management principles include 

using reliable technology, continuous improvement or kaizen, people development, and 
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leadership (Olesen et al., 2015). Furthermore, lean is implemented in construction 

facilities by starting with collection of preliminary data related to spaces, assets, and 

maintenance of facilities. Such data helps facilities in measuring their current 

performance, and thus, devise a cost and waste reduction plan related to, for example, 

facilities maintenance (Gao et al., 2020). In this way, engineering managers, 

maintenance managers, and technicians attain benefits from lean facility management 

by identifying and eliminating potential wasteful activities and processes beforehand 

(Wyton & Payne, 2014). 

 

Lean Construction 

 Lean principles were developed after the World War II, and include Jidoka 

automation and Just-In-Time flow. Just-In-Time flow includes the condition of 

production to demand. Jidoka automation means a single operator runs various 

machines, and thus, disengages machine and man (Terreno et al., 2019). The 

philosophy of lean production is based on the idea of continual improvement, such that 

a basic search strategy is applied for the main source and waste reduction. Some basic 

types of waste include non-value-added activities, waiting, additional processing and 

transport, manufacturing of non-ordered goods, rectified mistakes, additional 

movement, and spare stock (6). Even though lean production is adapted to various 

industries, the key goals of the overall methodology include enhancement of 

productivity, waste reduction principle, and enhancement of efficacy (Goh & Goh, 

2019). It is adapted in the construction industry through formulation of a new lean 

production management. This is comprised of three elements: flow, transformation, and 

value generation (Nascimento et al., 2018).  
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 According to Ansah et al. (2016), construction project teams seek robust 

methods, models and practical approaches for handling waste issues. This is usually 

attained through integration of lean production systems into construction projects, 

which is termed as Lean Construction (LC). This can be supported by the study of 

Bajjou et al. (2019) who showed that lean construction models are applied in various 

countries, including UK, Germany, USA, Turkey and Brazil, based on two principles, 

i.e. management principle and principle of culture and behaviour. In other words, lean 

implementation can be realised successfully in an organisation if it has support of the 

top management, a healthy culture, strong leadership, and skilled employees (Al-Najem 

et al., 2012). 

 According to Dulaimi & Tanamas (2008), multinational corporations in the 

construction industry of Singapore are ready to adopt lean construction instruments and 

principles. However, they hesitate from applying it completely within the local context 

based on distinct features of the construction industry. On the contrary, Bajjou et al. 

(2019) showed that US, Germany, Brazil, UK and Malaysia focus on adopting lean 

construction so that time, materials and efforts-based wastes can be reduced and 

maximum end-product value can be attained. 

 According to the findings of Dulaimi & Tanamas (2008), ISO 9000 certified 

multinational corporations in the construction industry of Singapore implement few 

distinct features of lean construction only because they face the major obstacle of 

cultural resistance to this change. This can be supported by the study of Bajjou et al. 

(2019), who showed that there exists unclear vision of key methods, practices and tools 

of lean construction. Due to this, each construction company implements lean 

construction differently as per their own internal features. In other words, the 

philosophy of lean construction is complex due to lack of an iterative basis for 
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performance enhancement, waste reduction and customer value maximisation (Ansah 

et al., 2016). 

 According to Ansah et al. (2016), lean construction offers benefits in terms of 

better delivery processes and systems, improved financial status and project 

performance of construction companies, better health and safety as per clients’ 

requirements, and waste elimination. Similarly, Dulaimi & Tanamas (2008) showed 

that implementation of lean construction offers benefits such as in schematic design 

duration, higher client satisfaction, reduced construction office times, higher turnover, 

and lower project costs. 

 The study by Ansah et al. (2016) gathered qualitative data and adopted a 

secondary methodology. Similarly, Bajjou et al. (2019) conducted a systematic 

literature review by gathering data from wide-ranging countries. On the other hand, 

Dulaimi & Tanamas (2008) conducted interviews by adopting a mono-method, 

qualitative research approach.  

 

Lean Implementation 

 According to Wandahl (2014), there exists awareness of the need for lean 

complementation in the Danish construction industry, so that motivation of site 

managers can be balanced with standardization 

 of activities. On the other hand, Bajjou & Chafi (2018) showed that there exists a lack 

of awareness of lean construction practices among professionals in Morocco. 

Therefore, they need additional training and support related to VSM, Kanban system, 

and Poke-Yoke lean practices. 

 As per the findings of Wandahl (2014), readiness for lean construction requires 

it to be adapted to the culture of the company and country in a proper manner. This 
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reflects the fact that both organisational and local culture must be respected while 

planning and applying lean construction. Wandahl (2014) showed that there exists 

ineffective lean implementation in the Danish construction industry due to its mis-

conceptualisation, which in turn is due to lack of education, knowledge and 

communication. However, on the contrary, Ashghal in Qatar focuses on lean 

construction implementation within its major pipeline construction projects. Its Roads 

Projects Department runs several initiatives such as Construction Enhancements and 

Constructing Excellence in Qatar based on the implementation of lean construction 

(CIHT Qatar Group, 2019). According to Bajjou & Chafi (2018), implementation of 

lean construction results in various benefits, such as attainment of non-financial 

performances. These include enhanced safety, higher project quality, and improved 

environmental performance. 

 The study by Wandahl (2014) adopted a quantitative approach and conducted 

surveys among 500 construction practitioners in Denmark. Similarly, Bajjou & Chafi 

(2018) also adopted a quantitative approach and conducted a structured questionnaire 

(survey) among 330 construction practitioners who were selected from Moroccan 

public and private construction companies. 

 

BIM 

 According to Mohammed et al. (2019), there exists limited awareness of BIM 

in the Qatar construction industry, such that engineers are more aware of BIM than 

contractors, architects, facility managers and quantity surveyors. This can be supported 

by the findings of Vukovic et al. (2015), who revealed that there exists a lack of clarity 

of BIM in the Qatar construction industry due to minimal mandate by the national 

central government, regardless of correct perception of various aspects of BIM, such as 

real time collaboration, design and coordination, and digital data management. Both of 
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these studies reflect the need for educating professionals about BIM in the Qatar 

construction industry. 

According to Azhar et al. (2015), a bottom-up approach must be used for 

applying BIM regardless of a top-down approach. Furthermore, an efficient application 

of BIM requires involvement of people throughout the implementation stage, 

acceptance of the change by them, learning and development of people skills, and 

enhancement of their understanding of continual improvement tactics. This can be 

supported by the study of Edirisinghe et al. (2017), who asserted that a seven-pillar 

strategy must be used for applying BIM in the construction industry. The strategy 

includes minimal waste reduction, evaluation of decisions for seeking utmost 

agreement, integrity-based development, seeking wider perspective, enhancement of 

the feedback, rapid delivery, and improved knowledge of team members. 

A study by Atzl & Eichler (2018) showed that BIM is applied successfully 

through following inherent procedures, which eventually help in gathering, changing, 

assessing and reporting construction projects’ information. Yet, it must be noted that 

an efficient application of BIM needs lean methodology in construction management 

so that sustainable development can be realised (Nascimento et al., 2018). However, as 

per findings of Mohammed et al. (2019), there exists low implementation of BIM in 

construction and infrastructure projects. Despite the fact that BIM is being applied in 

significant ways in US, Singapore, Europe and UK based on its advantages, it is 

anticipated that the construction industry of Qatar will implement it less comparatively 

at government level. 

In the construction industry, building information modelling (BIM) is a highly 

effective improvement. BIM technology is comprised of functions that facilitate a 

highly cooperative construction idea and design, which identify physical issues and 
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allow various domain experts to authorise simultaneously (Hosseini et al., 2018). Thus, 

BIM technology aims to enhance process and methods related to construction project 

management. Moreover, it helps in terms of applying lean principles effectively 

(Terreno et al., 2019). 

 BIM has been studied by adopting wide-ranging methods such as online 

questionnaire (Mohammed et al., 2019), semi-structured interviews (Vukovic et al., 

2015), case study approach (Azhar et al., 2015), and systematic literature review 

(Edirisinghe et al., 2017). 

 

BIM dimensions 

 This section discusses each dimension of BIM in terms of its purpose and 

functionality, applications and benefits, and level of implementation in developed and 

developing countries, specifically focusing on Qatar in the Mena Region.  

 3D dimension of BIM shows the three dimensions of geographical structure of 

any building. Its purpose is to help stakeholders in terms of visualising three dimensions 

of any building prior to initiation of the structural project. Stakeholders apply this 

dimension in order to model and solve usual structural issues at a future stage by 

effectively collaborating with one another. Some common benefits of 3D BIM include 

better 3D visualisation of the construction project, enhanced collaboration between 

various teams, efficient sharing and communication of expected design, and enhanced 

transparency leading to minimal revisions and rework (Charef et al., 2018). 

4D dimension of BIM shows the factor of time during construction planning 

stage. Its purpose is to provide scheduling data so that overall time required for project 

completion can be identified. Stakeholders apply 4D BIM for elaborating the time 

required to operate a project, initiate the installation, and identify the sequence of 
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construction. Its common benefits include better construction site planning, better 

preparedness throughout the construction process, timeline-based documentation 

leading to enhanced efficacy and safety, better scheduling optimisation, minimal 

expensive delays due to sharing of expected timeline, and seamless coordination 

between contractors, architects and teams on the construction site (Vanhoucke, 2013).  

5D dimension of BIM is based on cost estimation and budget analysis. Its 

purpose is to predict the required budget in an accurate manner in addition to variations 

in required material, equipment, scope and manpower. 5D BIM is applied by 

construction project owners and promotes for conducting the financial analysis related 

to project activities. Its common benefits include real-time visualisation of cost and any 

changes, simple budgetary and cost analysis, automatic count of project related 

equipment and parts, and less risk of exceeding the budget due to daily practices of 

budgeting and cost reporting (Charef et al., 2018). 

6D dimension of BIM is based on making an energy efficient and self-

sustainable structure. Its core purposes are based on examination of a facility’s energy 

consumption, and estimation of the overall cost of an asset in order to attain cost-

efficacy and sustainability. 6D BIM is applied in order to offer support to future 

operations and facility management. Its common benefits include minimal 

consumption of energy, thorough examination of effect of a decision on a project’s 

operational and economic aspects, accurate and fast decision-making during the design 

stage, and improved operational management (Vanhoucke, 2013). 

7D dimension of BIM is based on facility management and operations 

management. Its core purpose is based on tracking key asset data, including 

maintenance, technical specifications, status, manuals and warranty information of an 

asset which is needed in the future. 7D BIM is applied in order to collate all required 
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data and other things relative to the facility management process at one section of BIM. 

Its common benefits include optimised facility and asset management throughout the 

facility lifecycle, updated maintenance process, and an ease of replacing repairs and 

part throughout the building lifecycle (Akdag & Maqsood, 2019). 

Finally, in terms of implementation, 3D and 4D BIM are more prevalently 

applied in developed countries in contrast to minimal implementation of 5D, 6D and 

7D BIM dimensions (Charef et al., 2018). In the case of developing countries, there 

exists low implementation of 3D BIM in prefabrication process, 5D BIM in fieldwork 

and layout, and 6D BIM in operation and maintenance (Akdag & Maqsood, 2019). 

Considering the Mena region, there exists high awareness of BIM dimensions. Yet, the 

most prevalent and widely implemented dimensions in Qatar include scheduling 

function of 4D, cost estimation function of 5D, sustainability function of 6D, and 

facility management function of 7D BIM (Charef et al., 2018). 

 

Data visualization 

 According to Leite et al. (2016), data visualization methods have altered the 

execution of construction processes in a dramatic and fast manner. Consequently, there 

exists high interest in data visualization. According to the findings of Marasini et al. 

(n.d.), readiness to adopt data visualisation is not fast in every country, such as in the 

UK. Due to this, the study suggested development of initiatives for encouraging its use 

in the construction industry. Moreover, it recommended that developers, researchers 

and construction industry need to collaborate for delivering affordable and effective 

solutions. 

According to Ivson et al. (2018), data visualization tools such as the 3D-CAD 

model are used with BIM within mega facilities’ construction, design and operations. 
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Datasets include wide-ranging information related to real-time sensor data and design 

specifications. Engineers and architects in the construction industry apply data 

visualization tools for numerous simulations and analysis. Likewise, Fard & Pena-Mora 

(2007) showed that data visualization methods strengthen communication of crucial 

information and decisions based on corrective actions. 

 According to Leite et al. (2016), data visualization methods offer benefits in 

terms of an ease of identification of temporal and spatial conflicts, better control of 

quality of construction projects, and monitoring of construction progress. Likewise, 

Marasini et al. (n.d.) showed that data visualization methods and tools help stakeholders 

and construction planners in terms of visualising the execution process of projects, and 

identification of potential issues prior to their occurrence in construction projects. In 

this way, advanced data visualization methods and tools help to better handle complex 

models, and alter the construction industry culture (Fard & Pena-Mora, 2007). 

Data visualization has been studied by adopting wide-ranging methods such as 

case study approach (Fard & Pena-Mora, 2007; Marasini et al. (n.d.), systematic review 

(Ivson et al., 2018), and semi-structured interviews (Leite et al., 2016). 

 

BIM and Lean Construction 

 According to Sacks et al. (2009), there exists reasonable awareness related to 

the fact that even though BIM does not depend on Lean Construction, construction 

projects can be enhanced fully when BIM is integrated with Lean Construction in the 

form of an Integrated Project Delivery (IPD) approach. As per the findings of 

Tauriainen et al. (2016), BIM faces issues when applied with Lean Construction due to 

several reasons. These include lack of BIM instructions, poor communication, vague 

sharing of responsibilities, and lack of Lean Construction knowledge and BIM 
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experience. Nevertheless, Brathen (n.d.) stressed that collaborative working within the 

construction design phase can be improved if BIM is implemented with co-location 

principle of lean construction. This allows key personnel to collaborate while using the 

latest technologies and working within the organisation. Furthermore, the researcher 

highlighted that careful implementation and planning can lead to favourable outcomes.  

 According to Onyango (2016), similarity between BIM and Lean Construction 

facilitates their mutual implementation, which offers benefits in terms of better 

elimination of waste and enhanced efficacy. Likewise, Gerber et al. (2010) showed that 

Lean Construction and BIM integration facilitates lean measures in terms of resource 

levelling, prefabrication, creation of automated work packages, value planning, and 

effective coordination. Most importantly, BIM integrates with Lean Construction to 

better control and manage project schedule, cost and quality besides waste reduction. 

Lean Construction and BIM together have been studied by adopting different 

methods such as case study approach (Gerber et al., 2010; Brathen, n.d.), empirical 

study (Sacks et al., 2009), interviews (Tauriainen et al., 2016), and systematic literature 

review (Onyango, 2016). 

 

BIM and Facilities Management 

A study by Nascimento et al. (2018) conducted an investigation of ways in 

which BIM data standards could provide information related to assets within facilities 

management based on the life-cycle viewpoint. Its findings showed that existing 

standards in the construction industry do not satisfy the data requirements, and thus, 

recommended best practices so that the construction stage can transfer to the facility 

management stage in a smooth manner (Chen, 2017). A study by Oduyemi et al. (2017) 

showed that there exist challenges related to application of BIM in facilities 
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management. It proposed that there is a need to enhance existing operational processes 

and management practices. Likewise, the study by Terreno et al. (2019) stressed that 

existing BIM solutions are inefficient, and thus, must be addressed for meeting the 

needs and requirements of the facility management. 

As per statistical findings by the study of Pilanawithana & Sandanayake (2017), 

after commissioning, 85% of costs arise from the facility in a project lifecycle. 

Furthermore, $10 billion of costs are related to maintenance and operations stages, 

which occur due to poor practices of management and high consumption of time while 

accessing information. Regardless of this, BIM is implemented to a low extent in 

facilities management (Toe, 2015). A study by Edirisinghe et al. (2017) conducted a 

survey among construction professionals, and showed that BIM was applied by 42% of 

users only during stages of maintenance and operations. Another study by Hosseini et 

al. (2018) revealed that facilities management is applied most efficiently through 3D-

CAD (Computer-aided design), which is comprised of facilitating access to real-time 

data, keeping a check on maintainability, identifying parts of construction, marketing 

and visualisation, and managing spaces. Furthermore, Wetzel & Thabet (2015) showed 

that BIM can enhance facility management’s repair and safe maintenance practices in 

data processing, user interface and interactivity, safety categorisation, and rule-based 

decision-making. Yet, Nascimento et al. (2018) showed that there exist problems 

related to the implementation of BIM along with facilities management, because there 

are challenges posed to integration of required information of BIM models into the 

system of facilities management.  

Both BIM and facilities management have been studied together by adopting 

wide-ranging methods such as systematic literature review (Edirisinghe et al., 2017), 
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case study approach (Chen, 2017), interviews (Pilanawithana & Sandanayake, 2017), 

survey (Nascimento et al., 2018), and questionnaire (Oduyemi et al., 2017). 

 

Integrating Lean Construction, BIM and Facilities Management 

 Lean construction is defined as a methodology that aims to improve project 

management (McArthur & Bortoluzzi, 2018). Some of the key Lean Construction 

principles that can be used in Facilities Management are related to leadership, 

technology and culture of continual improvement. The approach of BIM is related to 

administration of information, such that it helps in terms of developing and sharing 

information among stakeholders in a collaborative manner (Edirisinghe et al., 2017). In 

this way, an integration of lean approaches with BIM results in better and more 

effective project management. Despite the fact that the principles of BIM are not 

interlinked with those of lean construction, there does exist some connection throughout 

the construction project lifecycle (Nascimento et al., 2018). For instance, the study by 

Nascimento et al. (2018) revealed that implementation of BIM along with Lean 

Construction can improve Facility Management by better control of the construction 

projects, and thus, enhancing processes in an incremental and continual manner. 

Furthermore, BIM is associated with facilities management. This is so because 

performance of facilities management, prosperity and business growth can be enhanced 

by changing construction information and in-use data into tangible knowledge 

(Hosseini et al., 2018). Yet, there exist barriers related to application of BIM in facilities 

management. Common barriers include minimal knowledge, non-clarity related to 

ownership of data, non-existence of methods related to current building, compatibility 

among software, and reliability of information. These barriers result in limited use of 

BIM by managers working within new construction projects only (Terreno et al., 2019). 
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Based on the construction industry setting, lean principles are implemented in facilities 

management for ensuring a better identification of non-value and value-added activities 

(Chen, 2017). According to Toe (2015), facilities management is improved by lean 

through identification of value-creation processes between output and input, and 

provision of better leaner value creation tools. Likewise, Terreno et al. (2019) revealed 

that the lean concept needs to be explored in an organised manner within BIM-based 

Facilities Management because there exists high “waste” and “variability” of 

construction information available to the facility manager when BIM is used as the 

source of information. There is, therefore, a need to streamline the large volume of 

information and extract succinct information that can inform facilities management. 

In short, it can be deduced that integrated BIM functions and lean principles 

offer better value creation tools that help in managing potential challenges, and 

enhancing and offering support to facilities management process (Nascimento et al., 

2018). 

 

Summary of Gaps 

The literature review has outlined various studies related to the key themes of 

this thesis, namely, Lean Construction, BIM, and Facilities Management. The literature 

review has shown that Lean Construction, BIM, and Facilities Management theories 

have been extensively investigated by many authors as separate entities. In addition, a 

relatively large number of authors have investigated the implementation, benefits, 

barriers, and success factors of integrating Lean Construction and BIM. However, 

relatively fewer researchers have investigated implementations, benefits, barriers, and 

success factors in integrating (i) BIM and Facilities Management, (ii) Lean 

Construction and Facilities Management, and (iii) Lean Construction, BIM, and 
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Facilities Management. Hence, the impact of these integrations is relatively less well 

known, particularly in rapidly developing countries like Qatar. Therefore, this thesis 

will address theoretical gaps at the interface of the proposed integrations mentioned 

above as well as provide insights on operational gaps related to the said integrations in 

the Qatar Construction Industry.  

More specifically, this thesis will contribute to knowledge by: (a) confirming 

the impact of implementing an integrated approach to BIM and Facilities Management 

in the Qatar Construction Industry and comparing it with what has been reported in 

other parts of world, and (b) further exploration of the impact of implementing an 

integrated approach to Lean Construction and Facilities Management in a bid to provide 

insights on how such integrated implementations may improve operating efficiencies 

in constructed facilities. Although Lean Construction and Facilities Management can 

be viewed as operating at different levels of the life cycle of a constructed facility, it is 

often crucial for Facility Managers to understand how Lean Construction principles can 

be leveraged to inform facilities management as well as help in making decisions on 

how to optimize facilities operations and maintenance strategies for the whole life cycle 

of a constructed facility. This consideration is more likely to be beneficial in situations 

where one organisation is responsible for the construction and management of the 

constructed facility for its entire life cycle, as is the case with the public works authority 

in Qatar. Such an integrated approach is expected to improve facilities management, 

which will in turn improve the built environment of the constructed facility and hence, 

provide facility users with satisfaction in using the facilities throughout its life cycle.  

The thesis will also investigate the impact of integrating Lean Construction and BIM 

for improved Facility Management.  
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To the best knowledge of the author, no extensive study has been conducted so 

far to investigate how the associations of Lean Construction and BIM can be integrated 

into a framework for Facilities Management. Despite the fact that wide-ranging studies 

have investigated the challenges, benefits, awareness, preparedness and 

implementation of the key factors, i.e. BIM, Lean Construction and Facilities 

Management, there is a need to explore interactions between BIM and Lean 

Construction in Facilities Management. Furthermore, there is no evidence in the 

publicly available literature related to the use of both Lean Construction and BIM in 

Facilities Management in the construction industry of Qatar. Therefore, this current 

study will address the identified gaps in order to strengthen the evidence base and 

provide insights that can guide the construction industry in developing countries 

towards excellence in construction.  
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Chapter Three – Research Methodology  

Introduction 

Chapters 1 and 2 have outlined the theoretical foundations for this research. The 

purpose of this chapter is to describe, discuss and explain the research design, methods 

and techniques that were used for collecting primary data to help in the process of 

developing a conceptual framework. As noted in the literature review, the body of 

knowledge about BIM and its interactions with Lean construction and quality-based 

interventions is still emerging. Hence, this study seeks to identify the challenges, 

barriers and success factors associated with integrating BIM, facilities management and 

Lean Construction that would enable the development of a conceptual framework for 

facilities management to enhance the efficiency and effectiveness of construction 

practices. Therefore, this research adopts an exploratory approach as highlighted by 

Saunders et al (2007). The exploratory research helps in investigating emerging and 

unknown knowledge. This chapter explains the differences between qualitative and 

quantitative research and provides a detailed overview of the tools used for data 

collection in developing and validating the conceptual framework. Following the 

review of the recent literature on this subject, this chapter is based on the synthesis of 

the different methods applied in this area of research.  

 

Philosophical Approach  

Saunders et al (2015) asserted that the assumptions used to develop knowledge 

are known as a research philosophy. The philosophical approach guides researchers in 

the development of data collection methods and selecting the appropriate research 

designs. According to Mkansi & Acheampong (2015), a research philosophy justifies 

why a researcher selected a particular research design or method for data collection and 
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analysis. There are two widely used research approaches, known as epistemology and 

ontology. Ontology, as explained by Saunders et al (2015), is associated with how 

researchers make assumptions about the nature of reality. Ontology is associated with 

morality, knowledge and trust and focuses on examining the existence of objects and 

how they are interlinked with the external environment. Bryman (2008) asserted that 

ontological research seeks to explain what reality and the nature of scientific practice 

are. Crotty (2003) provided a clear and short definition of ontology where it was defined 

as "the study of being" (Crotty, 2003, p.10). Hence, it could be understood as the 

process in which the nature of existing is explained and investigated and also the 

structure of reality. In other words, ontological research seeks to answer the question 

of 'what is the nature of reality' (Crotty, 2003). On the other hand, Crotty defines 

epistemology as a "way of understanding and explaining how we know what we know" 

(Crotty, 2003, p.3). It could be argued that both ontology and epistemology are 

interrelated as they provide the basis for how knowledge is understood and how it is 

explained or created. Researchers, as explained by Creswell (2014), will choose the 

research approach that provides rich data to answer the research questions which could 

be obtained through qualitative or quantitative research methods. Obtaining 

background knowledge and understanding of the research subject was conducted 

through the literature review to further understand the research subject and its 

components. This indicates that an ontological approach was used, geared towards 

understanding what existing knowledge had been established, whereas an 

epistemological approach would be utilized for understanding how this knowledge is 

created and impacted by existing contextual and organisational factors. As shown in 

Figure 3.1, the diagram provides a better view of the terms and how they correlate to 

each other (Patel, 2015).  
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Figure 1. Flow of the Research Philosophy. (Patel, 2015) 

 

 

Research Methodology and Approaches 

To be able to explore how knowledge is created, it is important that a researcher 

follows a methodological approach for data collection and analysis. A methodology is 

defined by Crotty (2003) as the "the strategy, plan of action, process or design lying 

behind the choice and use of particular methods and linking the choice and use of the 

methods to the desired outcomes.” (Crotty, 2003, p.3). This indicates that a systematic 

plan has to be created for the collection of data that would enable researchers to answer 

their research questions. The research methodology as highlighted by Saunders et al 

(2007) should explain the philosophical assumptions, research approach and design as 

well as the data collection techniques. As noted above, this research adopts an 

ontological and epistemological philosophy that aims to explain and describe what is 

known about facilities management and how it can be examined and understood.  

 

Quantitative and Qualitative Research Approaches  

The distinction between qualitative and quantitative research approaches lies 

with the methods applied for data collection and the type of data collected as noted by 
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Creswell (2014). Quantitative research is associated with the collection of numerical 

data that aims to test hypotheses and provide explanations on causations or correlations. 

According to Davies (2007), quantitative research can be linked to positivism as 

positivism claims that there is a single reality which can be measured and tested. There 

are different tools used for collecting numerical data such as tests, experiments and 

survey questionnaires which require statistical and mathematical tools for conducting 

data analysis. Biggam (2015) pointed out that quantitative research is associated with 

answering the questions of 'how many' and 'how much'. Saunders et al. (2007) pointed 

out that quantitative research can be cost-effective as it enables the collection of large 

samples of data.  

Qualitative research is linked with the collection of textual data that can provide 

rich and deeper insights and understandings about people’s perceptions, views and 

opinions. Thomas (2003) stated that exploratory research utilizes qualitative methods 

as it helps in discovering underpinning factors. Neuman (2006) asserted that qualitative 

research can be helpful in generating theories and exploring hidden and unknown 

knowledge through direct interaction or observation of events. Similarly, it was pointed 

out by Bryman (2008) that qualitative research provides an opportunity to challenge 

existing knowledge by interacting directly with the research subjects to clarify any 

misunderstandings. De Vaus (2014) claimed that abundant data about real life situations 

and people can be collected through qualitative approaches which will help in gaining 

rich understandings. Similarly, qualitative research has been linked to the ability of 

collecting factual and description information by interacting directly with the research 

subjects (Johnson & Christensen, 2012). However, Johnson and Christensen (2012) 

indicated that generalising findings from qualitative approaches can be of limited use, 

as they are based on a particular group or setting. Hence, scholars such as Saunders et 
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al (2007) recommend the use of a mixed method approach to overcome the limitations 

of using a single method in data collection.  

 

Mixed methods research  

Following the review of the literature and examining the body of knowledge in 

this area, it was noted that researchers have utilised multiple and mixed methods to 

explore and answer the research questions, providing rich insights from different 

perspectives. This was also highlighted by Liu (2014) who stated that researchers can 

benefit from the advantages of both approaches when applying a mixed method 

approach. In other words, qualitative and quantitative methods can be used for 

collecting data to help gain deeper insights. The application of a mixed method 

approach as noted by Saunders et al (2007) can yield more valid and reliable findings.  

Jankowics (2000) pointed out that researchers face challenges in regard to the 

selection of a suitable research approach that could answer their research questions. 

Hence, the objectives and the overall purpose of the study play a vital role in selecting 

the research approach. For example, a qualitative approach has been described as a 

more useful approach for research studies that seek to develop frameworks or theories 

(Saunders et al., 2007). As discussed earlier, quantitative research tends to provide 

answers to questions about 'how many' whereas qualitative research can help in 

answering questions related to 'why' and 'how' (Biggam, 2015). Evaluating existing 

theories can be conducted through the application of quantitative methods whereas 

qualitative research can be beneficial in developing new knowledge and insights about 

a research problem (Saunders et al., 2007).  

The objectives of this research are to critically review the current theories on 

lean construction, BIM and Facilities Management. The research also seeks to identify 
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the challenges, barriers and success factors associated with integrating BIM, facilities 

management and Lean Construction and develop and validate a conceptual framework 

for facilities management. This would be based on a case-study design approach as 

discussed later in this chapter. Hence, it is vital to explore the existing knowledge on 

the subject as well as collecting primary data that would provide better insights and 

understandings of the barriers, challenges and solutions. The benefits of such an 

integrated approach would be also examined to provide new knowledge that would be 

beneficial not only to the academic arena, but also to policy and practice. The research 

addresses important questions that would yield better outcomes for construction 

companies through the utilization of resources and enhancement of production and 

performance. This would influence many other aspects such as finance, customer 

satisfaction and company growth and survival in today's highly complex and 

competitive business environment. This cannot be achieved without the collection of 

primary data from construction industry in Qatar to help understand the current barriers 

and challenges and explore how such barriers can be overcome.  

The development of a conceptual framework requires multiple sources of data 

and the use of a mixed-method approach provides an opportunity to collect such data 

so that the reliability and validity of the developed framework can be enhanced. This 

also involves a process of validating the framework through communicating and 

interacting directly with stakeholders in the construction sector. A case study of the 

construction industry in Qatar will be conducted. To be able to develop a framework 

that reflects the knowledge, perceptions, and views of the construction stakeholders in 

Qatar, it is important to ensure that such stakeholders are involved at both stages 

through cost-effective methods for data collection. There is currently a research gap in 
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this research subject. Furthermore, there are operational gaps in the context of Qatar 

and this study provides a starting point for future research in this area in Qatar.  

 

Research Design and Data Collection Techniques  

Fellows and Liu (2008) pointed out that data collection and analysis requires a 

well-defined research design that provides researchers with the tools to answer their 

research questions. A research design should not just focus on the approach to be 

utilized for data collection but also on selecting the right tools and methods for 

collecting and analysing the data (Bryman, 2008). There are five common research 

design types that are widely used and described by scholars:  

According to Saunders et al (2007), ethnographic researchers are required to 

explain and interpret why a behaviour occurs and not just record what behaviours occur 

among the research subjects. Ethnographic research, as noted by Fellows and Liu 

(2008), is about the examination of culture and has its roots in anthropology. The 

principles of ethnographic research do not match the requirements of this study as 

behaviours and why such behaviours occur is not the sole purpose of this study. 

Moreover, ethnographic research requires significant amount of time and resources to 

conduct, which is a limitation of this study.  

Solving a particular problem in the researcher's own environment is usually 

conducted by an action research design. According to Biggam (2015), when adopting 

an action research design, researchers will not act as independent observers but also as 

key participants in the research. It is widely used in solving social problems that require 

direct observation and participation from the researchers (Fellows & Liu, 2008). A key 

limitation of this design is the inability to be fully objective in the research. This study 
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does not seek to solve a social problem or one which concerns the researcher's own 

environment. Therefore, action research design is not convenient for this study. 

Experiments are widely used as part of a quantitative approach to test a 

hypothesis or invent new materials, particularly in laboratories. Fellows and Liu (2008) 

pointed out that experiments are very helpful in identifying correlations and causations. 

Saunders et al (2007) pointed out that experiments can also be applied in social research 

but can be very difficult to implement due to the ethical concerns and considerations. 

The overall purpose of this research is to develop a conceptual model for Lean 

Construction and hence, experiments as a research design is not suitable for this study.  

Yin (1981) defines a case study design as "an empirical inquiry which must 

examine a contemporary phenomenon in its real-life context, especially when the 

boundaries between phenomenon and context are not clearly evident". Similarly, a case 

study design is defined as a "strategy for doing research which involves an empirical 

investigation of a particular contemporary phenomenon within its real-life context 

using multiple sources of evidence" (Robson, 2002). Both definitions put great 

emphasis on the need for using the real-life context to investigate the research problem. 

Researchers can study either a single case study or multiple cases. It was pointed out 

by Morris and Wood (1991) that a rich understanding of the research context can be 

obtained through case study design to enable researchers to put forward new ideas. 

Saunders et al (2007) pointed out that surveys are widely used as part of a cross-

sectional design to collect qualitative and quantitative data. The use of a survey enables 

researchers to collect data that can support either descriptive or exploratory research as 

pointed out by Bryman (2008). Survey research has been widely adopted in the field of 

construction management, quality improvement and organisational change as it 

provides rich data that would help in answering complex research questions. Fellows 
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and Liu (2008) pointed out that a survey can be a cost-effective tool for researchers, 

which makes it a common research design. They also pointed out that survey research 

can use observations, interviews and questionnaires for data collection and can help in 

answering questions related to why, how and what in management related research.  

 

Case Study and Survey Designs   

Based on the above discussions, it is evident that action research is not 

applicable to the overall aim of this study, which seeks to explore views, perceptions 

and barriers associated with integrating BIM, Facilities and Lean Construction. 

Ethnographic research is also not applicable as this study does not aim to examine any 

cultural or roots specific areas but rather focuses on organisational improvement and 

management sciences. A case study design and a survey design are the most convenient 

designs for this study as it enables the examination and exploration of the research 

problem in its natural settings and also enables the interaction and communication with 

the key stakeholders needed to provide insights on the research topic. It was highlighted 

by Tan (2002) that a survey strategy helps in gaining insights directly from the research 

participants. It was also noted in the literature that surveys can be used to collect both 

quantitative and qualitative data depending on the overall purpose of the study.  

 Selecting the appropriate research design is influenced by the overall 

purpose of the study and its objectives as noted by Creswell (2014). Therefore, 

considering that this study is aimed at developing a conceptual framework for facilities 

management, it is vital that a case-study design is adopted to examine the problem in 

its natural settings and also to be able to communicate with the key stakeholders. This 

research is positioned strongly with both principles of quantitative and qualitative 

research as explained in section 3.4 above, as the data collected would be both 
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quantitative and qualitative to help explore the underpinning problems, barriers, 

challenges and also identify new ideas and solutions to enhance the effectiveness and 

efficiency of construction practices. Case study design is commonly used in 

construction management research as pointed out by Fellows & Liu (2008). They stated 

that case study research can help in providing new insights and ideas and also to 

describe phenomena. Moreover, case study design in construction management can 

help researchers observe the problem in its natural settings. For example, similar studies 

in the field have utilised the case study design to discuss and explore quality-related 

research subjects in the field of construction industry including (Hamdi & Lite, 2012; 

Liu & Shi, 2017; Hatmannet al., 2012; Di Giuda et al., 2020; Pikas et al., 2020).  

 The case-study design approach provides the opportunity to answer the key 

research questions in this study by exploring the research problem in its real-life 

context. The questions related to what barriers and challenges hinder the integration of 

BIM and Lean Construction to inform facilities management can only be explored 

through a case-study design and a survey design to collect mixed data which can be 

statistically analysed (questionnaire responses) and thematised (interview responses) to 

help gain a better understanding for the development of the conceptual framework. 

Bryman (2008) and Saunders et al (2007) pointed out that case study design can help 

in gaining rich understanding of the research context as well as answering the questions 

of 'why' and 'how', which are critical to this research. However, some of the limitations 

associated with case study design as noted by Fellows & Liu (2008) include difficulty 

in setting out the context for the case being studied as well as the huge quantities of 

data collected which could hinder the researcher's ability to analyse.  
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Construction Industry in Qatar 

         The construction industry in Qatar runs various construction projects that are 

related to residential construction, infrastructure, utility construction, commercial 

construction, industrial construction, road construction, and energy (Consulting Haus, 

2020). The report titled ‘Qatar Construction Market’ was published by Mordor 

Intelligence (2020), which anticipated that a Compound Annual Growth Rate (CGAR) 

of 8% will be registered during 2020 – 2025. The government is focusing on attaining 

key infrastructure goals, which will make Qatar one of the fastest developing and 

progressing construction market worldwide. The construction industry will most 

probably attain benefits by continuing to invest in mega-scale projects related to the 

upcoming 2022 FIFA World Cup sports event and Qatar National Vision (QNV) 2030. 

 The key trends in the construction industry of Qatar include development of 

transport infrastructure, creation of wide-ranging top-rated sporting venues, and 

development of an up-to-date hospitality and residential environment so that the 

anticipated rise in population can be supported successfully (Consulting Haus, 2020). 

There exist various regional and local players in the industry, such as Golf Contracting, 

AL Jaber Engineering, QD – SBG, and HBK Contracting (Mordor Intelligence, 2020). 

The top 10 clients as per value of awarded projects include Ashghal (1st), HIA (2nd), 

QDREIC (3rd), QP (4th), Kahramaa (5th), Ariane Real Estate (6th), NBK & Sons Group 

(7th), MoQ (8th), QAF (9th), and SCDL (10th) (Consulting Haus, 2020, p. 5). Besides 

these, various facility management companies also offer services in the industry by 

establishing partnerships with construction developers. It is anticipated that the facility 

management market will grow in Qatar exponentially in upcoming years because low-

rise buildings, malls, towers and stadiums will continue to be built and completed in 

the near future. 
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Data Collection Tools for Framework Development 

The development of the conceptual framework for this study has utilized the 

following tools:     

Literature Review: A systematic literature review using online databases was 

carried out to explore the Lean Construction approach and BIM approaches. The 

literature review helped in identifying facilities management improvement 

requirements through a comprehensive review of Lean Construction and BIM. 

Challenges and barriers associated with integrating such approaches were explored to 

help establish a strong theoretical basis for the study and provide better insights on the 

approach adopted for collecting primary data.  

Case study Design and Survey Strategy: A cross-sectional survey design was 

adopted for the collection of data from the target 275 research participants. 275 sample 

size was targeted with confidence interval 95% and maximum variability of p = 0.5 

(Israel, 2003). The population of the survey were practitioners in the field of 

construction in Qatar which include and not limited to project managers, surveyors, 

consultants, suppliers, and quality managers. As a result, a sample size of 163 was 

included in the study for precision of +-5% (Israel, 2003). In other words, 163 

participants conducted the online questionnaire, whereas 6 took part in the interview. 

The online questionnaire was designed and conducted via Google Form survey, 

whereas interviews were conducted through online platform of Zoom. The rationale for 

choosing an online platform for both questionnaire and survey was that it facilitated the 

researcher in terms of gathering data with no cost and rapidly. Furthermore, all 

participants were selected as per the convenience sampling method. Therefore, whoever 
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was able to attend on time as per their work schedule, took part in the questionnaire and 

interview. 

The purpose of the survey was to understand current awareness and 

preparedness levels as well as the extent of implementations of BIM and Lean 

Construction. The survey also aimed at exploring the challenges or barriers and success 

factors of integrating Lean Construction and BIM as perceived by the participants. 

Moreover, expert opinion on how the integration of Lean Construction and BIM can 

inform Facilities Management will be elicited from case study findings. The survey was 

distributed in various construction companies in Qatar that were mainly undertaking 

construction projects as part of the FIFA World Cup 2022 preparations. The survey 

strategy utilized a structured online questionnaire and semi-structured interviews for 

collecting both numerical and textual data, respectively. Questionnaires provided the 

opportunity to understand the underlying meanings, factors, and insights on the 

research problem by gaining the viewpoints of the research subjects. To ensure the 

framework meets the expectations of the users, structured interviews were used to test 

the appropriateness and feasibility of adopting the framework.  

Interviews: Besides conduction of online questionnaires, the survey strategy in this 

study also utilized interviews for the collection of primary data.  Interviews have been 

commonly used to collect verbal and textual data using a systematic approach as 

explained by Evans (2007). The advantages of the case-study design can be maximized 

using a qualitative approach as these interviews can be more fluid than rigid as 

described by Yin (2009). Interviews provide rich insights and understandings once 

structured in an interactive manner. Semi-structured interviews are most commonly 

used in management and improvement research as they provide the opportunity for the 

researchers to expand on the questions being asked as well as develop a rapport with 
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the research participants. Thomas (2003) indicated that structured interviews tend to 

use structured and closed questions that could limit the participants' ability to expand 

and provide more insights about their experience and knowledge. Hence, having a semi-

structured approach to interviews would not limit the options available for the 

participants as noted by Moore (2006) and will lead to a more interactive session. 

Similarly, it was argued by Evans that structured interviews are perceived to be less 

flexible compared to semi-structured interviews.  

Strategic Level Framework Development Process: A systematic approach was used to 

develop the conceptual framework for Facilities Management, taking into account the 

findings of the different phases of the study. The process can be summarised as 

follows: 

Following the synthesis of the comprehensive literature review into BIM, 

Facilities Management, Lean Construction and quality-related improvement 

interventions in the construction field, it was important to conduct a thorough synthesis 

of the literature review to identify the main themes and patterns that were explored in 

other contexts rather than the Qatari context. The findings of the literature review 

enabled the development of the research methodology and the data collection tools so 

that the problem can be investigated in its real-life context. 

A case-study design was utilised where the construction industry in Qatar was 

used as a case-study to help identify the barriers and challenges associated with 

integrating Lean Construction, BIM and Facilities Management. The case study design, 

along with survey strategy, enabled the researcher to observe and obtain first-hand 

information through conduction of online questionnaires that helped in shaping and 

developing the conceptual framework. Figure 2 is the flowchart of the survey process 

according to which the questionnaire was conducted.  
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Figure 2. Flowchart for the Survey Process 

 

 

Strategic Level Framework Validation Process: This body of research in Qatar 

is limited due to lack of experts’ viewpoints in the country. Therefore, using a 

questionnaire survey for the validation of the conceptual framework was not possible 
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due to the scarcity of experts so that a good response rate could be achieved. Therefore, 

it was vital to adopt a more flexible approach that could be utilised easily and will 

provide expert's comments on the framework and its appropriateness. Hence, in-depth 

structured interviews were carried out to validate the framework. Validation requires 

the collection of real-world comments as noted by Pidd (2009). Validation in research 

is crucial to ensure that the findings of the research make a positive impact as noted by 

Patton (2002). However, validation in qualitative research can be challenging as tests 

or experiments cannot be used to measure the effectiveness of the developed 

framework. Therefore, validation in this context of the research refers to the fitness, 

appropriateness and practicability of the development framework based on the views 

and opinions of experts in the field of construction management in Qatar. This provides 

real-life data based on the key stakeholders in the field. Further details on the validation 

process are included in Chapter Five. In short, semi-structured interviews were 

conducted for the collection of verbal and textual data. This was carried out using an 

interview protocol (copy in the appendices) to guide the interviews. Thematic analysis 

was used to analyse the data and develop themes for validation of the conceptual 

framework along with the findings of the literature review. Figure 3 is the flowchart of 

the interview process according to which interviews were conducted.  
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Development of Implementation Level Framework: An implementation level 

framework was developed based on strategic level framework. The implementation 

matrix was developed based on quality-based BIM applications and Lean Construction 

principles. Particularly, the implementation level focused on facilities operations and 

maintenance. 

 

Ethical Considerations  

This research was carried out ethically and professionally in accordance with 

the rules of the University of Qatar. This involved the need to obtain informed consent 

from all the participants prior the data collection process (see appendix I). The 

participants were informed about their rights and responsibilities and they can withdraw 

from the study at any stage. The participants were assured that personal identifiable 

information was not collected and their participation is solely used for academic 

purposes. There were no hazards or risks imposed on the participants. The participation 

was based on voluntary basis and hence, no incentives were offered to the participants.   

 

Chapter Summary  

The purpose of this chapter was to discuss in great detail the methodological 

approach that was utilized for the collection of primary and secondary data for this 

research. The chapter discussed the philosophical research foundations along with 

explaining the difference between the qualitative and quantitative research approaches 

and the rationale for their application in this research. The chapter provided an overview 

of the data collection tools that were used for the development of the conceptual 
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framework along with the ethical considerations and how these were managed 

throughout this research. The following chapter presents the key results and 

discussions.  
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Chapter Four – Case Study: Questionnaire Results 

Chapter Introduction  

The previous chapter discussed and critically analyzed the methodological 

approach adopted by this study. The purpose of this case study chapter is to present the 

findings of this empirical study by explaining questionnaire findings in theoretical, 

tabular and graphical forms. SPSS version 20 is used to conduct statistical analysis, and 

present results in the form of frequency distributions and descriptive statistics (mean). 

It also presents a discussion on the findings and their links with the literature review 

evidence. 

 

Reliability Analysis and Response Rate  

The online questionnaire was completed by 163 participants from the 

construction industry of Qatar; however, only 122 practitioners were able to fill all 

questions of the questionnaire. The remaining 41 attempted the survey, yet did not give 

responses for a few questions. Based on this, 122 valid responses were yielded, which 

led to a response rate of 75% (see table 1). Furthermore, a reliability test was run to 

ensure internal consistency of the scales used in the questionnaire design. The value of 

Cronbach’s alpha was calculated to be 0.967 (see table 2), which shows exceptionally 

high reliability of the questionnaire. 

 

 

Table 1. Case Processing Summary 

      N     % 

Cases Valid 122 74.8 

Excludeda 41 25.2 

Total 163 100.0 
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a. Listwise deletion based on all 

variables in the procedure. 

 

 

Table 2. Reliability Statistics for all scales 

Cronbach's Alpha N of Items 

.959 97 

 

 

Questionnaire Results  

Demographics: The first section of the questionnaire asked questions related to 

demographics of participants, such as their job roles and duration of job experience. 

Overall, 163 responses were gathered and thus, there was no missing data (see table 3). 

The statistical results showed that there were 42% project managers, 33% 

subcontractors, 8% owner-private sectors, 6% owner-government, 5.5% suppliers, 

2.5% general contractors and 1.8% consultants for site supervision (see table 4). In 

other words, the majority of participants were project managers followed by 

subcontractors. Furthermore, when questioned about the duration of their experience, 

the results showed that 60.7% had experience of more than 12 years, 14.7% had 

experience of 8-11 years, 12.9% had experience of 4-7 years, and 11.7% had experience 

of less than 3 years (see table 5). In other words, a majority of participants had wide 

experience of more than 12 years, followed by reasonable experience of 8-11 years. 

This reflects that the majority of participants who took part in the survey were 

experienced, and thus, provided valuable information based on their extensive 

experiences and viewpoints. 
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Table 3. Statistics for Demographics 

 Please indicate your 

role? 

What is the length of your 

experience please? 

N Valid 163 163 

Missing 0 0 

 

 

Table 4. Frequency distribution for Job roles of Participants 

 Frequenc

y 

Percent Valid 

Percent 

Cumulative 

Percent 

Valid Academic or 

Researcher 

1 .6 .6 .6 

Owner – 

government  

10 6.1 6.1 6.7 

Owner – private 

sector 

13 8.0 8.0 14.7 

Subcontractor 54 33.1 33.1 47.9 

Consultant - Site 

Supervision 

3 1.8 1.8 49.7 

General Contractor 4 2.5 2.5 52.1 

Project Manager 69 42.3 42.3 94.5 

Supplier 9 5.5 5.5 100.0 

Total 163 100.0 100.0  

 

 

 

Figure 4. Graph for Frequency distribution of Participants as per their job roles. 
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Table 5. Length of experience of research participants 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid 4-7 year 21 12.9 12.9 12.9 

8-11 years 24 14.7 14.7 27.6 

Less than 

3 years 
19 11.7 11.7 39.3 

More than 

12 years 
99 60.7 60.7 100.0 

Total 163 100.0 100.0  

 

 

 

Figure 5. Graph for Frequency distribution of Participants as per their job 

experiences. 

 

 

Lean Construction: The second section of the questionnaire asked questions 

related to the main study variable, i.e. Lean Construction. Initially, participants were 

questioned about the extent of use of Lean Construction in their organisation. It was 

found that 32.5% reported usage to some extent, 31.9% reported no use at all, and 23% 

reported usage to a moderate extent (see table 6). Based on the responses of majority 
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of participants, it can be seen that there exists moderate to slight use of Lean 

Construction in the construction industry of Qatar. 

 

 

Table 6. Participants’ responses related to the extent of use of Lean Construction  

 Frequency Percent Valid 

Percent 

Cumulative Percent 

Valid not at all 52 31.9 31.9 31.9 

to some extent 53 32.5 32.5 64.4 

to a moderate 

extent 
38 23.3 23.3 87.7 

to a great 

extent 
20 12.3 12.3 100.0 

Total 163 100.0 100.0  

 

 

Next, results were gathered from participants in the form of mean values, where 

a mean value of 1 showed response value ‘strongly agree’ – 5 showed response value 

‘strongly disagree’. When participants were questioned about awareness of Lean 

Construction in their organisation, it was found that a majority of them agreed to having 

awareness of Lean Construction, because they agreed that waste reduction is conducted 

in construction projects by incorporating lean production systems. Yet, most of them 

showed neutral response to applicability of lean construction models in their 

organisation (see table 7). In other words, it can be seen that there exists limited 

awareness of Lean Construction in the industry. 

 

 

Table 7. Participants’ responses related to the extent of agreement or disagreement with 

the Awareness of Lean Construction  

      N   Mean 
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Waste reduction is handled through 

integration of lean production systems in 

construction projects 

163 2.67 

Lean construction models are applied in 

your construction company 

163 2.97 

Valid N (listwise) 163  

 

 

When participants were questioned about preparedness for Lean Construction 

in the organisation, it was found that a majority of them agreed to the adoption of Lean 

Construction for waste reduction and attainment of maximum end-product. Yet, most 

of them showed neutral response to readiness for adoption of Lean Construction 

instruments and principles (see table 8). In other words, it can be seen that there exists 

limited preparedness for Lean Construction in the industry. 

 

 

Table 8. Participants’ responses related to the extent of agreement or disagreement with 

the Preparedness for Lean Construction  

     N Mean 

Your company is ready to adopt lean 

construction instruments and principles 

163 2.37 

Your company focuses on adopting lean 

construction so that wastes can be reduced and 

maximum end-product value can be attained 

163 2.77 

Valid N (listwise) 163  

 

 

When participants were questioned about implementation of Lean Construction 

in their organisation, it was found that a majority of them agreed to implementation of 

a few main features of Lean Construction due to cultural resistance to change. Yet, most 

of them showed neutral response to different implementations of Lean Construction 

due to no clarity of main practices, methods and tools (see table 9). In other words, it 
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can be seen that there exists limited implementation of Lean Construction in the 

industry mainly due to the factor of cultural resistance to change. 

 

 

Table 9. Participants’ responses related to the extent of agreement or disagreement with 

the Implementation of Lean Construction  

 N Mean 

Your company implements few distinct features 

of lean construction due to cultural resistance to 

this change 

163 2.70 

Your company implements lean construction 

differently since there exists unclear vision of 

key methods, practices and tools of lean 

construction 

163 2.98 

Valid N (listwise) 163  

 

 

When participants were questioned about benefits of Lean Construction in the 

organisation, it was found that a majority of them strongly agreed to all the listed 

benefits. The top three benefits of Lean Construction include waste elimination, higher 

client satisfaction, and better delivery processes and systems (see table 10). 

 

 

Table 10. Participants’ responses related to the extent of agreement or disagreement 

with the Benefits of implementing Lean Construction  

 N Mean 

a. Better delivery processes and systems 163 2.09 

b. Improved financial status and project 

performance of company 
163 2.21 

c. Better health and safety as per clients' 

requirements 
163 2.36 

d. Waste elimination 163 2.07 

e. Higher client satisfaction 163 2.13 

f. Reduced construction office times 163 2.60 

g. Higher turnover 163 2.44 

h. Lower project costs 163 2.38 
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Valid N (listwise) 163  

 

 

When participants were asked about key success factors for Lean Construction 

in the organisation, it was found that a majority of them strongly agreed to all mentioned 

critical success factors. The top three success factors for Lean Construction include the 

role of senior management, appropriate training, and process-focused efforts (see table 

11).  

 

 

Table 11. Participants’ responses related to the extent of agreement or disagreement 

with the Key Success Factors for implementing Lean Construction  

 N Mean 

a. Role of Senior Management 163 2.04 

b. Process-focused efforts 163 2.14 

c. Improvement goals 163 2.16 

d. Involvement of Stakeholders 163 2.28 

e. Appropriate Training 163 2.10 

f. Flexible time to be spent on 

improvements 
163 2.20 

g. High level of Communication between 

Suppliers 
163 2.19 

h. Assessment of Barriers to change and 

formation of an Action Plan 

48 2.42 

Valid N (listwise) 48  

 

 

When participants were asked about the main challenges and barriers associated 

with implementing Lean Construction in their organisation, it was found that a majority 

of them either gave neutral responses, or mentioned significant challenges. The top 

three challenges included lack of lean knowledge, changing employees’ working 

culture, lack of long-term forecast and investment, and lack of cooperation from 

employees (see table 12). In other words, it can be seen that there exist limited barriers 
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and challenges in terms of mismanagement of time, less knowledge and cooperation 

from employees, scarce finances, varying work culture, and poor forecast.  

 

 

Table 12. Participants’ responses related to the extent of agreement or disagreement 

with the main barriers and challenges associated with implementing Lean Construction  

 N Mean 

a. Changing Employees Working Culture 160 3.71 

b. Cost of Implementation 161 3.35 

c. Lack of Lean Knowledge 161 3.78 

d. Long Implementation Time 160 3.61 

e. Complexity 161 3.34 

f. Lack of Cooperation from Employees 161 3.61 

g. Lack of Incentives 161 3.67 

h. Lack of long-term Forecast and 

Investment 
163 3.70 

Valid N (listwise) 157  

 

 

BIM: The third section of the questionnaire asked questions related to another 

study variable, i.e. BIM. Initially, participants were asked about the extent of use of 

BIM in their organisation. It was found that 33.7% reported moderate use, 26% reported 

usage to some extent, and 22% reported no use at all (see table 13). In other words, it 

can be seen that there exists moderate use of BIM in the industry. 

 

 

Table 13. Participants’ responses related to the extent of use of BIM  

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid not at all 36 22.1 22.8 22.8 

to some extent 43 26.4 27.2 50.0 

to a moderate 

extent 
55 33.7 34.8 84.8 

to a great extent 24 14.7 15.2 100.0 

Total 158 96.9 100.0  
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Missing System 5 3.1   

Total 48 163 100.0  

 

 

When participants were asked about awareness of BIM in their organisation, it 

was found that a majority of them agreed to having limited awareness and lack of clarity 

of BIM (see table 14). This reflects that there exists limited awareness of BIM in the 

industry. 

 

 

Table 14. Participants’ responses related to the extent of agreement or disagreement 

with the Awareness of BIM  

 N Mean 

a. Limited awareness of BIM among 

contractors, architects, facility managers and 

quantity surveyors 

159 2.66 

b. Lack of clarity of BIM 159 2.97 

Valid N (listwise) 159  

 

 

When participants were asked about preparedness for BIM in their organisation, 

it was found that a majority of them agreed to preparedness for BIM in their respective 

companies in the construction industry of Qatar, since it uses a bottom-up approach and 

involves people in the implementation stage for applying BIM (see table 15). In other 

words, it can be seen that there exists reasonable preparedness for BIM in the industry. 

 

 

Table 15. Participants’ responses related to the extent of agreement or disagreement 

with the Preparedness for BIM  

 N Mean 
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a. BIM application requires a Bottom-up 

approach 

159 2.72 

b. BIM application requires involvement 

of people in implementation stage 

157 2.26 

Valid N (listwise) 157  

 

 

When participants were asked about implementation of BIM in their 

organisation, it was found that a majority of them agreed there had been successful 

implementation of BIM. Yet, most of them also agreed to the fact that there exists 

implementation to only a  low extent of BIM in infrastructure and construction projects 

(see table 16). In other words, even though there exists low implementation of BIM in 

the industry, most projects in which BIM is implemented are found to be successful.  

 

 

 

Table 16. Participants’ responses related to the extent of agreement or disagreement 

with the Implementation of BIM  

 N Mean 

a. Successful application of BIM 160 2.29 

b. Low implementation of BIM in 

construction and infrastructure projects 

160 2.96 

Valid N (listwise) 160  

 

 

When participants were asked about the benefits of BIM in their organisation, 

it was found that a majority of them agreed to all stated benefits. The benefits of BIM 

are ranked as: enhanced construction project management methods and process (1st 

benefit), highly cooperative construction design and idea (2nd benefit) and effective 

application of lean principle (3rd benefit) (see table 17). 
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Table 17. Participants’ responses related to the extent of agreement or disagreement 

with the Benefits of implementing BIM  

 N Mean 

a. Highly cooperative construction idea 

and design 

162 2.24 

b. Enhance construction project 

management process and methods 

162 2.14 

c. Effective application of lean principles 162 2.30 

Valid N (listwise) 162  

 

 

When participants were asked about key success factors for BIM in their 

organisation, it was found that a majority of them agreed to all stated critical success 

factors. The top-rated success factors for BIM include BIM training programs, 

organisational structure to support BIM system, competent technical support, and 

professional BIM design teams (see table 18).  

 

 

Table 18. Participants’ responses related to the extent of agreement or disagreement 

with the Key Success Factors for implementing BIM  

 N Mean 

a. Clients acceptance with BIM projects 160 2.41 

b. Organisational Structure to support 

BIM system  

161 2.22 

c. Financial Support from the 

Government to set up BIM system 

162 2.37 

d. BIM Standards for the Industry 161 2.36 

e. BIM Training programmes 161 2.17 

f. Information-sharing protocols 159 2.33 

g. Competent technical support team  162 2.23 

h. Professional BIM Design team  162 2.24 

Valid N (listwise) 159  
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When participants were asked about the main challenges and barriers associated 

with implementing BIM in the organisation, it was found that some of them either gave 

neutral responses, yet a majority mentioned moderate challenges. The top three 

moderate challenges include lack of awareness about benefits of BIM, lack of 

commitment from top management and lack of training and expertise (see table 19). In 

other words, it can be seen that there exist limited barriers and challenges in terms of 

minimal awareness, non-supportive top management and less expert staff.  

 

 

Table 19. Participants’ responses related to the extent of agreement or disagreement 

with the main barriers and challenges associated with implementing BIM  

 N Mean 

a. High operational costs 161 3.36 

b. Lack of training and expertise 162 3.54 

c. Lack of commitment from top 

management 

160 3.56 

d. Not widely adopted in Qatar 158 3.27 

e. Resistance to change 160 3.34 

f. Lack of awareness about benefits 160 3.63 

Valid N (listwise) 158  

 

 

Integration of Lean Construction and BIM in Facilities Management: The third 

section of the questionnaire asked questions related to association between all study 

variables, i.e. Lean Construction, Facilities’ Management, and BIM. Initially, 

participants were inquired about integration of all these variables for enhancement of 

performance and data visualization. It was found that 46% strongly agreed to it, 25% 

showed neutral response to it, and 12% agreed to it (see table 20). In other words, it can 

be seen that there exists strong agreement to integration of Lean Construction, 

Facilities’ Management and BIM for improving performance and data visualization. 
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Table 20. Participants’ responses related to the integration of Facilities Management, 

BIM and Lean Construction for enhancing data visualisation and performance 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid 

strongly agree 75 46.0 46.9 46.9 

agree 20 12.3 12.5 59.4 

neutral 41 25.2 25.6 85.0 

disagree 12 7.4 7.5 92.5 

strongly 

disagree 
12 7.4 7.5 100.0 

Total 163 100 100.0  

 

 

When participants were asked about benefits of integration of Facilities 

management and BIM, it was found that a majority of them agreed to all stated benefits. 

The benefits of integration of Facilities management and BIM are ranked as better 

tracking and maintenance of assets (1st benefit), an ease of data transfer (2nd benefit), 

improved issuing of work orders (3rd benefit) (see table 21). 

 

 

Table 21. Participants’ responses related to the extent of agreement or disagreement 

with the benefits that can be achieved from integrating BIM and Facilities Management 

 N Mean 

a. Ease of data transfer 160 2.31 

b. Better tracking and maintenance of 

assets 

159 2.33 

c. Improved issuing of work orders 160 2.44 

Valid N (listwise) 159  

 

 

When participants were asked about benefits of integration of Facilities 

management and Lean Construction, it was found that a majority of them agreed to all 
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stated benefits. The benefits of integration of Facilities management and Lean 

Construction are ranked as reduced inefficiencies (1st benefit), increased value for 

customers (2nd benefit), and increased productivity level (3rd benefit) (see table 22). 

 

 

Table 22. Participants’ responses related to the extent of agreement or disagreement 

with the benefits that can be achieved from integrating Lean Construction and Facilities 

Management 

 N Mean 

a. Increased value for customers 160 2.45 

b. Reduced inefficiencies 153 2.38 

c. Increased productivity level 159 2.51 

Valid N (listwise) 153  

 

 

When participants were asked about benefits of integration of BIM and Lean 

Construction, it was found that a majority of them agreed to all stated benefits. The 

benefits of integration of BIM and Lean Construction are ranked as effective 

coordination (1st benefit), waste reduction (2nd benefit) and better management and 

control of project cost, schedule and quality (3rd benefit) (see table 23). 

 

 

Table 23. Participants’ responses related to the extent of agreement or disagreement 

with the benefits that can be achieved from integrating Lean Construction and BIM 

 N Mean 

a. Creation of automated work package 157 2.51 

b. Effective coordination 160 2.35 

c. Better control and management of 

project schedule, cost and quality 

159 2.37 

d. Waste reduction 158 2.39 

Valid N (listwise) 157  
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When participants were asked about the main challenges and barriers associated 

with integration Facilities management and BIM, it was found that some of them either 

gave neutral responses, yet majority mentioned moderate challenges. The top three 

moderate challenges include lack of collaboration between project stakeholders and end 

user, lack of training and lack of BIM skills (see table 24). In other words, it can be 

seen that there exists limited barriers and challenges in terms of minimal training and 

skills, and lack of collaboration between end user (customer) and project stakeholders.  

 

 

Table 24. Participants’ responses related to the existing barriers and challenges for 

integrating BIM and Facilities Management 

 N Mean 

a. Hard data entry in Facilities 

Management Software 

160 3.12 

b. Scattered and unorganised data 160 3.20 

c. Outdated model 160 3.15 

d. Lack of BIM skills 160 3.28 

e. Lack of communication 158 3.23 

f. Lack of training 160 3.29 

g. Lack of collaboration between end 

user and project stakeholders 

157 3.41 

Valid N (listwise) 157  

 

 

When participants were asked about the main challenges and barriers associated 

with integration Facilities management and Lean Construction, it was found that a 

majority of them gave neutral response related to challenges of insufficient resources 

and high expectations of customers. However, most of them identified moderate 

challenges such as culture and language barriers (see table 25). In other words, it can 

be seen that there exist challenges in terms of language and cultural barriers.  
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Table 25. Participants’ responses related to the existing barriers and challenges for 

integrating Lean Construction and Facilities Management 

 N Mean 

a. Insufficient resources 160 3.24 

b. Language barrier 155 2.99 

c. Culture barrier 155 3.09 

d. High expectations of customers 160 3.23 

Valid N (listwise) 155  

 

 

When participants were asked about the main challenges and barriers associated 

with integration BIM and Lean Construction, it was found that a majority of them gave 

neutral response related to challenges of uneven sharing of risk, resistance to change, 

lack of BIM standard and lack of government incentives. However, most of them 

identified moderate challenges such as cost of implementation, lack of employee skills, 

lack of organisational infrastructure, and lack of education and training (see table 26). 

In other words, it can be seen that there exist challenges in terms of high implementation 

cost, inadequate organisational infrastructure, and less trained, skilled and educated 

staff.  

 

 

Table 26. Participants’ responses related to the existing barriers and challenges for 

integrating Lean Construction and BIM for Facilities Management 

 N Mean 

a. Cost of implementation 160 3.38 

b. Lack of government incentives 153 3.31 

c. Lack of employee skills 157 3.43 

d. Lack of BIM standard 159 3.32 

e. Lack of organisational infrastructure 155 3.35 

f. Uneven risk sharing 154 3.31 

g. Lack of training and education 157 3.35 

h. Resistance to change 156 3.28 
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Valid N (listwise) 153  

 

 

When participants were asked about key success factors for integrating Lean 

Construction and Facilities Management, it was found that a majority of them agreed 

to all stated critical success factors. The top three success factors for integrating Lean 

Construction and Facilities Management include training for employee development, 

continuous improvement and leadership (see table 27).  

 

 

Table 27. Participants’ responses related to the success factors for integrating Lean 

Construction and Facilities Management 

 N Mean 

a. Use of reliable tested technology 159 2.60 

b. Leadership 154 2.51 

c. Continuous improvement 158 2.46 

d. Training for employee development 159 2.45 

e. Sharing of crucial data and 

information 

155 2.54 

Valid N (listwise) 154  

 

 

Finally, when participants were asked about key success factors for integrating 

Lean Construction and BIM for Facilities Management, it was found that a majority of 

them agreed to all stated critical success factors. The top three success factors for 

integrating Lean Construction and BIM for Facilities Management include organisation 

continuous improvement, collaboration in the design and construction, and information 

maintenance and model integrity (see table 28).  
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Table 28. Participants’ responses related to the success factors for integrating Lean 

Construction and BIM for Facilities Management 

 N Mean 

a. Standardization 160 2.57 

b. Organisation continuous improvement 160 2.39 

c. Visual management use 156 2.44 

d. Information maintenance and model 

integrity 

158 2.43 

e. Rapid assessment and generation of 

alternative construction plans 

159 2.46 

f. Selection of an appropriate method of 

production control 

158 2.51 

g. Collaboration in the design and 

construction 

158 2.40 

Valid N (listwise) 156  

 

 

Discussion  

Regarding Lean Construction, the questionnaire responses from practitioners 

within the construction industry in Qatar showed there exists moderate to slight use of 

Lean Construction. Moreover, it showed that there exists limited awareness, 

implementation and preparedness of Lean Construction because it is used for waste 

reduction only. Its other models, principles, and instruments are not ready to be applied 

in the industry. The lack of awareness and preparedness for Lean Construction can be 

supported by the study of Bajjou et al. (2019) who showed that lean construction 

models are widely known in various countries, including the UK, Germany, USA, 

Turkey and Brazil, but not Middle East. Likewise, Bajjou et al. (2019), showed that 

there exists unclear vision of key methods, practices and tools of lean construction. Its 

lack of implementation in Qatar can be supported by the study of Dulaimi & Tanamas 

(2008) who revealed that construction companies hesitate from applying it completely 

within the local context because they face the major obstacle of cultural resistance to 

this change. 
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The questionnaire results further identified the top three benefits of Lean 

Construction as waste elimination, higher client satisfaction, and better delivery 

processes and systems. The top three success factors for Lean Construction are 

identified to be: role of senior management, appropriate training, and process-focused 

efforts. These success factors and benefits can be supported by the literature review 

findings of Ansah et al. (2016) and Dulaimi & Tanamas (2008). The questionnaire 

findings further identified four moderate challenges including lack of lean knowledge, 

changing employees’ working culture, lack of long-term forecast and investment, and 

lack of cooperation from employees. This can be supported by the findings of 

Tauriainen et al. (2016), who found that issues faced while applying Lean Construction 

include poor communication leading to lack of cooperation, and lack of Lean 

Construction knowledge. 

Regarding BIM, the questionnaire responses from practitioners within the 

construction industry in Qatar showed there exists moderate use of BIM, despite its 

limited awareness, its low yet successful implementation, and reasonable preparedness 

in the industry. The lack of awareness is also identified as the major barrier facing those 

working towards BIM application. This can be supported by the study of Mohammed 

et al. (2019) who showed that there exists limited awareness related to BIM in the Qatar 

construction industry, such that engineers are more aware of BIM in contrast to 

contractors, architects, facility managers and quantity surveyors. Likewise, Vukovic et 

al. (2015) revealed that there exists lack of clarity about BIM in the Qatar construction 

industry due to minimal mandate by the national central government. Furthermore, the 

reasonable preparedness of BIM can be supported by the literature review findings of 

Azhar et al. (2015), which stressed that a bottom-up approach is applied for BIM 

regardless of a top-down approach.  



 

77 

 

The successful implementation of BIM in the industry can be supported by the 

study of Atzl & Eichler (2018) who showed that BIM is applied successfully through 

following inherent procedures, which eventually help in gathering, changing, assessing 

and reporting construction projects’ information. However, low implementation of 

BIM is reflected by the identified barrier of lack of training and expertise, which can 

be supported by the literature review findings of Mohammed et al. (2019), who 

anticipated that construction industry of Qatar will implement BIM less at government 

level. 

The benefits of BIM are ranked as: enhanced construction project management 

methods and process (1st benefit), highly cooperative construction design and idea (2nd 

benefit) and effective application of lean principle (3rd benefit). These benefits can be 

supported by the findings of Hosseini et al. (2018) and Terreno et al. (2019) who 

showed that BIM technology is comprised of functions that facilitate a highly 

cooperative construction idea and design. Furthermore, it must be noted that the 

identified benefits can be attained through focusing on the top-rated success factors. 

For instance, BIM training programmes and supportive organisational structure are 

crucial for successful application of BIM. Likewise, the success factors of competent 

technical support team and professional BIM design team within the industry can lead 

to benefit of highly cooperative construction design and idea. 

 Afterwards, the most important survey findings showed that there exists strong 

agreement to integration of Lean Construction, Facilities’ Management and BIM for 

improving performance and data visualization. This can be supported by the study of 

Nascimento et al. (2018) who found that an implementation of BIM along with Lean 

Construction can improve Facility Management by better controlling the construction 

projects, and thus, enhancing processes in an incremental and continual manner. 
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The questionnaire results showed benefits of integration of Facilities 

management and BIM, which are ranked as: better tracking and maintenance of assets 

(1st benefit), an ease of data transfer (2nd benefit), and improved issuing of work orders 

(3rd benefit). This can be supported by the literature review finding of Edirisinghe et al. 

(2017), who found that BIM is related to administration of information, such that it 

helps in terms of developing and sharing information among stakeholders in a 

collaborative manner. The questionnaire showed benefits of integration of BIM and 

Lean Construction, which are ranked as: effective coordination (1st benefit), waste 

reduction (2nd benefit) and better management and control of project cost, schedule and 

quality (3rd benefit). These benefits can be attained through success factors such as 

standardization, organisation continuous improvement and use of visual management 

This can be supported by the study of Nascimento et al. (2018) who found that an 

integration of lean approaches with BIM results into a better and effective project 

management.  

The top three success factors for integrating Lean Construction and Facilities 

Management include sharing of training for employee development, continuous 

improvement and leadership. This can be supported by the findings of McArthur & 

Bortoluzzi (2018) who found that the key Lean Construction principles for Facilities 

Management are related to leadership and kaizen (continual improvement). Therefore, 

the focus on these success factors can help to attain certain benefits. For instance, 

success factor of employee development can increase productivity. Likewise, success 

factor of leadership can increase value for customers, and success factor of continuous 

improvement can offer benefit in terms of reduced inefficiencies. Finally, the moderate 

challenges identified through the survey included culture and language barriers, high 

implementation cost, inadequate organisational infrastructure, and less trained, skilled 
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and educated staff. These barriers were also identified by literature review study by 

Terreno et al. (2019). 

 

Chapter Summary  

This chapter has presented and explained the questionnaire findings in 

theoretical, tabular and graphical forms. Both frequency distributions and descriptive 

statistics in terms of mean values were used to present important findings, which were 

then linked with the literature review evidence to draw sound judgements and 

conclusions. The main findings were used to develop a conceptual framework for 

Facilities Management, which is presented and explained in the next chapter.  

Chapter Five – Development of Facilities Management Conceptual Framework 

Introduction  

This chapter aims to develop a conceptual framework based on the 

questionnaire findings of the research. It has been validated through conduction of a 

mixture of structured and semi-structured interviews with professionals in the field. The 

thematic content analysis has been used for the development of themes underlying the 

proposed facilities management framework. The purpose of the framework is to provide 

an integrated approach to enhance efficiency, effectiveness, and value in facilities 

management in developing countries. 

 

Strategic Level Conceptual Framework Development   

The questionnaire’s main findings led to the identification of various benefits 

and critical success factors for integrating Lean Construction and BIM for Facilities 

Management. The survey findings also identified potential barriers and challenges for 

this integration. Therefore, the following is the proposed conceptual model of the 
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Facilities Management conceptual framework, which is suitable for the construction 

industry in Qatar. The model shows applications of BIM functions and tools (stage 1) 

along with implementation of Lean Construction principles and Kaizen (stage 2) which 

can achieve the desired targets of an effective Facilities Management system, a holistic 

usage of Lean Construction and BIM for better construction quality, and consequently, 

maximized value for customers. Here, it must be noted that the model assumes that the 

companies have already implemented BIM and Lean Construction, and the companies 

aware of the benefits for integrating Lean Construction and BIM. In case of such 

companies, all outcomes at stage 3 can be attained. However, in the case of companies 

that have limited awareness and readiness level of Lean Construction, only one 1 out 

of 3 outcomes can be attained at stage 3 as shown in the figure 6. Besides these, 

companies which are still at awareness and readiness levels of both BIM and Lean 

Construction are not in a position to apply this model. This means that such companies 

have to first improve the levels of BIM usage and Lean Construction implementation 

in order to qualify for stage 1 of the conceptual model. In addition, such companies 

need to appreciate the benefits of integrating Lean Construction and BIM. 

 

 



 

81 

 

 
 

Figure 6. Conceptual Model for Facilities Management framework for developing 

countries. 

 

 

Based on the conceptual model shown in Figure 6, a 4-level strategic conceptual 

model was developed. The conceptual model derived inspiration from a research 

framework proposed in Sacks et al. (2010). The conceptual model was developed in the 

form of interaction matrices that provides an array mapping of key success factors, key 

functions, and benefits that can be accrued if a pairwise combination of the key 

elements of this research, i.e. BIM functions, Lean Construction principles and 

Facilities Management principles. The aforementioned conceptual framework has led 

to four matrices within a strategic level framework. The construction industry in Qatar 

can use all four strategic interaction frameworks for enhancing Facilities Management 

through integrating BIM and Lean Construction. Overall, the questionnaire results and 

literature review findings were used to design these frameworks. 

In the strategic level frameworks shown in Tables 29, 31, 33 and 35, BIM 

functions and Lean Construction principles are arranged in the form of a matrix. In table 

Stage 3Stage 2Stage 1

BIM techniques and 
functions:

Lean Construction 
Principles

Effective Facilities 
Management

An integrated and 
holistic use of Lean 

Construction and BIM 
for improving 

construction quality

Continuous Quality 
Improvement

Maximised Cutomer 
Value
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29, Lean Construction principles are stated along rows and BIM functions are stated 

across columns. The strategic interactions between both BIM and Lean Construction 

are shown with the sign of ‘x’ in the matrix cells. All cells are briefly explained in Table 

30. Table 29 shows the strategic level conceptual framework for BIM versus Lean 

Construction. Table 31 shows the strategic level conceptual framework for Lean 

Construction versus Facilities Management and the cells are explained in Table 32. 

Table 33 shows the strategic level conceptual framework for BIM versus Facilities 

Management, and the cells are explained in Table 34. Finally, Table 35 shows the 

strategic level conceptual framework for BIM and Lean Construction versus Facilities 

Management, and the cells are explained in Table 36. All frameworks were validated 

through a mixture of structured and semi-structured interviews with project managers, 

facilities managers and professionals in the field of quality improvement, lean 

construction and project management.  
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Table 29. Interaction Matrix of BIM functionality and Lean Construction principles for Facilities Management  

 Lean Construction Principles as per its Benefits 

Better 

management 

and control of 

project cost, 

quality, and 

schedule  

Waste 

reduction 

Effective 

coordination  

Leadership  Continuous 

improvement 

(kaizen) 

Training for 

employee 

development 

BIM functionality as per Key Success 

Factors 

A B C D E F 

Organisation continuous improvement  1 X       

Collaboration in Design and 

Construction 

2   X   X   

Information maintenance and model 

integrity  

3 X      

Organisation structure to support BIM 

system  

4 X     X   

Competent technical support 5 X  X    X  

BIM Training 6     X  X  

Minimal cultural and language barriers 7   X  X   X  

Professional BIM design team 8  X      

Top Management Support  9    X   X  
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Table 30. Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-A Principle of kaizen, i.e. continual improvement while applying BIM leading to better facility management through 

enhanced control and management of project schedule, operational costs, and quality of projects. 

3-A Model integrity along with better maintenance of information can help in better scheduling, minimise misinformation and 

avoid unnecessary work for staff 

4-A Organisational structure to support application of BIM can also improve success rate of projects through better control and 

management of time, finances and quality. 

4-E Supportive organisational structure for BIM can help in seeking continual improvement, i.e. Kaizen which is the main 

principle of Lean Construction. 

2-C Collaboration in BIM design and construction along with effective coordination in Lean Construction can result in 

favourable outcomes for facilities management in the industry. 

2-E Collaboration in BIM design and construction can speed up the continuous improvement process in construction 

companies. 

7-C Removal of language and cultural barriers during implementation of BIM can facilitate Lean Construction through more 

effective coordination in facility management. 

7-F Minimal cultural and language barriers allow trainers and leaders to better guide and lead subordinates and trainees.  

7-D Minimal cultural and language barriers during BIM application can strengthen leadership in Lean Construction, which can 

lead to better training and guidance of key personnel for facility management. 

6-E Provision of BIM training allows staff to better execute methods and job roles which are relative to Lean Construction in 

construction companies. 

6-F BIM training along with employee development training can enhance skills, professional personality, expertise and 

knowledge of staff, so they can use reliable and tested technology for Lean Construction. 

5-A Competent technical support improves control and management of project schedule, operational costs, and quality of 

technical parts of the project. 

5-C Competent technical support for BIM applications reflects effective coordination, which can facilitate the industry in Lean 

Construction and Facility Management. 

5-F Competent technical support for BIM along with training for employee development regarding Lean Construction can 

produce the required manpower for successful Facilities Management. 

8-B Professional BIM design team within the industry can reduce waste to the desired extent. 
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9-D Top management support for BIM and leadership in Lean Construction ensures a satisfied, more aware, and committed 

workforce. 

9-F Top management support for development of employees in required fields can produce desired results. 

 

 

Table 31. Interaction Matrix of Lean Construction and Facilities Management  

  Facilities Management   

High value for 

customers  

Lower 

inefficiencies 

Higher productivity 

level   

Sharing of crucial 

information and data  

Lean Construction A B C D 

Minimal language barrier 1    X  

Minimal cultural barrier 2   X   

Sufficient resources   3  X    

Use of reliable tested technology  4 X     

Leadership  5   X   

Kaizen  6  X    

Training  7  X    
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Table 32. Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-D Removal of language barrier during implementation of Lean Construction can facilitate better sharing of important 

information and data, and thus, consequently effective coordination in facility management. 

2-C Removal of language and cultural barriers during implementation of BIM can facilitate Lean Construction through more 

effective coordination in facility management. 

3-B Availability of required and adequate resources can enhance quality of business processes, and thus, lower inefficacies. 

4-A Use of reliable tested technology of Lean Construction can reduce waste, streamline business processes, and thus, provide 

high value for customers. 

5-C Leadership can result into strong human resources and effective coordination in Lean Construction, which in turn can result 

into favorable outcome of higher productivity for facilities management in the industry. 

6-B Principle of kaizen, i.e. continual improvement while applying Lean Construction leads to better facility management 

through improved operations and thus lower inefficiencies. 

7-B Training of staff related to Lean Construction can also reduce inefficiencies by improving skills, knowledge and expertise of 

workforce. 

 

 

Table 33. Interaction Matrix of BIM functionality and Facilities Management  

 Facilities Management  

Ease 

of data 

transfe

r   

Lates

t 

mode

l 

Organize

d data  

Better 

tracking 

and 

maintenanc

e of assets  

Improved 

space 

managemen

t  

Historical 

trends for 

maintenanc

e and 

service 

history  

Environment

al impacts 

and operating 

cost 

Appropriat

e 

maintenanc

e system 

Productivit

y  

BIM functionality  A B C D E F G H I 

BIM skills  1    X       

Communicatio

n  

2 X   X        

Training   3  X         
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Data 

visualization 

4     X      

Digitalization  5        X   

Life cycle of 

facility 

6         X  

Information 

platform  

7      X     

Workflow 

efficiencies  

8       X    

Facilitate data 

accessibility  

9   X        

 

 

 

Table 34. Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-D Attainment or improvement of BIM skills can result into better facility management through improved maintenance and 

tracking of assets. 

2-A Communication within the staff, and between management, top authorities and employees (all key stakeholders) can 

facilitate data transfer and sharing. 

2-C Strong communication skills can strengthen facility management through better organizing crucial data. 

3-B Training of employees related to BIM can facilities facility management by making them capable of using latest tools and 

models. 

4-E BIM-based data visualization enhances space management in facilities by integrating real-time data into BIM 

5-H BIM-based Facility Maintenance System helps the maintenance staff members in terms of accessing and examining 3D-BIM 

models, so that maintenance records can be updated digitally in the construction facility. 

6-I The use of advanced BIM technology for facility management not only enhances the effectiveness of building lifecycle, but 

also leads to higher productivity. 

7-F BIM information platform helps in maintenance of the facility by allowing the maintenance team to use prior maintenance 

operations for tracking the history of the building element and relevant factors, in addition to learning from past experiences. 
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8-G BIM enhances workflow efficiencies by (i) Environmental Impact Assessment (EIA) that gives the environmental impact 

score for making effective decisions in the design stage, and (ii) reduces operating costs by extending the use of information 

modelling in the construction facility. 

9-C BIM offers various opportunities and helps Facilities Management practices based on its analysis, visualization and 

controlling functions, which in turn fulfills information requirements of Facilities Management activities. 

 

  
 
Table 35. Interaction Matrix of BIM + Lean Construction versus Facilities Management  

 Facilities Management  

Organisatio

n 

continuous 

improveme

nt   

Virtual 

managemen

t use 

Alternative 

constructio

n plans  

Collaboratio

n in design 

and 

construction  

Information 

maintenanc

e and 

model 

integrity  

Lean 

Maintenanc

e 

Managemen

t  

Optimized 

build 

environmen

t 

Operations 

and 

Maintenanc

e decisions 

BIM + Lean 

Construction  

A B C D E F G H 

Implementatio

n costs  

1   X      

Government 

incentives 

2   X       

Employee 

skills  

3 X         

BIM standards  4     X      

Organisational 

infrastructure 

5  X        

Even risk 

sharing  

6 X         

Training and 

education 

7     X     
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Adaptation to 

change  

8 X         

Lean accurate 

information 

9      X    

Information 

and 

knowledge of 

building 

operations 

1

0 

       X  

Information 

and 

knowledge of 

building 

maintenance  

1

1 

      X   

 

 

Table 36. Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-C Lower and better controlled implementation costs related to BIM and Lean Construction functions can result in more 

savings, which facilities can use to design and manage alternative construction plans. 

2-C Government funds and incentives for BIM and Lean Construction processes can also facilitate facility management through 

designing and management of alternative construction plans. 

3-A Employees skills of BIM and Lean Construction can improve construction facilities’ processes and functions continuously.  

4-D Collaboration in BIM design and construction along with latest BIM standards can result into favorable outcomes for 

facilities management in the industry. 

5-B Organisational infrastructure can be designed, improved and adjusted for running virtual management successfully within 

facilities. 

6-A Even sharing of risks by all departments in the facility can also successfully implement Kaizen principle in the industry. 

7-E Training and education of employees regarding BIM and Lean Construction can help in ensuring model integrity and better 

maintaining information, as a result of which misinformation can be avoided and there can be no unnecessary work for staff. 
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8-A Adaptation of organisations to changes in Lean Construction and BIM ensures continual improvement in construction 

facilities.  

9-F Accurate and complete lean information and data facilitate Lean Maintenance Management by proactively maintaining 

operations that are used in planning and scheduling maintenance activities throughout a construction facility. 

10-H Capturing and using information and knowledge of building operations help in making effective operations and maintenance 

decisions, and thus, avoiding high costs.  

11-G Information and knowledge of building maintenance activities results into effective planning, better performance, and 

reduced risks, thereby resulting into an optimized built environment.  
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Implementation Level Framework Development   

Facilities Management for the lifecycle of an infrastructure usually 

encompasses operations and maintenance, energy management, and commissioning. 

For the implementation framework the discussions are based on operations and 

maintenance. The key factor in the implementation framework is that decisions made 

at the design and construction stage of a facility affect operations and maintenance. 

Thus, at the design and construction phases a facility manager can provide post 

occupancy evaluation of facilities for optimal operations and maintenance. On the other 

hand, facilities management functions can be considered at the design and construction 

stage to avoid redesigns, major repairs, alterations as well as reduce maintenance effort 

and costs. 

In the implementation level framework shown in Tables 37, Operations and 

maintenance functions of Facilities Management are stated along rows and relevant 

BIM functions are stated across columns. The strategic interactions between both BIM 

and Operations and maintenance functions of Facilities Management are shown with 

the sign of ‘x’ in the matrix cells. All cells are briefly explained in Table 38. This 

framework was also validated through a mixture of structured and semi-structured 

interviews with project managers, facilities managers and professionals in the field of 

quality improvement, lean construction and project management. The implementation 

level framework specifically focuses on facilities operations and management. It offers 

implementation guidelines and shows ways of enhancing quality of facilities 

management through integration of BIM applications with Operations and maintenance 

functions of Facilities Management. 
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Table 37. Implementation Interaction Matrix of BIM functionality and Operations and Maintenance Functions  

 Operations and Maintenance (O & M) Principles     

Lean 

facilities 

operations 

and 

managem

ent 

planning  

Waste 

reducti

on 

Financial 

Transpare

ncy  

Leaders

hip and 

capabilit

y of 

owners  

Continuou

s 

improvem

ent 

(kaizen) 

Training 

and 

Educati

on for 

employe

es  

Correctiv

e 

maintenan

ce 

Effectiven

ess of cost 

and time 

control to 

repair 

Preventiv

e 

maintenan

ce service 

(workflo

w) 

Res

ourc

e 

opti

miz

atio

n in 

OM 

BIM 

functionality  

A B C D E F G H I J 

Organisatio

n 

continuous 

improveme

nt  

1 X           

Collaborati

on in 

Design and 

Constructio

n 

2      X       

Informatio

n 

maintenanc

e and 

model 

integrity  

3 X          

Organisatio

n structure 

to support 

4      X       
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BIM 

system  

Competent 

technical 

support 

5 X      X      

BIM 

Training 

6     X  X      

Minimal 

cultural 

and 

language 

barriers 

7     X   X      

Professiona

l BIM 

design 

team 

8  X          

Top 

Manageme

nt Support  

9 X  X X   X      

Computeri

zed facility 

maintenanc

e 

manageme

nt system 

1

0 

      X    
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Root cause 

of failure 

Visualizati

on 

Integration 

and storage 

of design 

and 

constructio

n 

informatio

n 

1

1 

 

1

2 

1

3 

        

 

 

X 

 

 

X 
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Table 38. Implementation Interaction Matrix that explains contents of cells 

Index Explanation 

1-A Principle of kaizen, i.e. continual improvement while integrating lean operations and maintenance throughout the 

facility lifecycle of a building aids in getting desired outcomes. 

3-A Model integrity along with better maintenance of information can help in better lean operations and maintenance 

planning, which would deliver on-time, on-budget, and on-demand projects.  

5-A Competent technical support improves implementation of lean processes while operations and maintenance planning. 

9-A Top management support during lean facilities operations and management planning helps in terms of effective 

execution of lean processes, accessibility to required resources, and setting performance metrics and KPIs for 

monitoring success. 

8-B Professional BIM design team within the industry helps in waste reduction up to the desired extent. 

9-C Supportive top management in financial matters helps in meeting the set budget, reducing costs, and thus, maintaining 

a transparency with all key stakeholders for gaining their trust and loyalty.  

7-D Minimal cultural and language barriers during BIM application can strengthen leadership in Lean Construction, which 

can lead to better training and guidance of key personnel for facility management. 

9-D Top management support by capable leaders and owners in terms of appropriate choice of leadership style helps in 

better lean operations and maintenance planning and execution. 

4-E Supportive organisational structure for BIM can help in seeking continual improvement, i.e. Kaizen which is the main 

principle of Lean Construction. 

2-E Collaboration in BIM design and construction can speed up the continuous improvement process in construction 

companies. 

6-E Provision of BIM training allows staff to better execute methods and job roles which are relative to Lean Construction 

in construction companies. 

7-F Minimal cultural and language barriers allow trainers and leaders to better guide and lead subordinates and trainees.  

5-F Competent technical support for BIM along with training for employee development regarding Lean Construction can 

produce the required manpower for successful Facilities Management. 

6-F BIM training along with employee education and development training can enhance skills, professional personality, 

expertise and knowledge of staff, so they can perform better throughout the facility life-cycle management. 

9-F Top management support in terms of their ongoing training and education is important for development of lean 

operations and maintenance employees. This in turn allows them to interact with the key stakeholders effectively.  
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10-G A facility’s computerized maintenance management system (BIM) offers wide-ranging maintenance functionalities, 

such as corrective and preventive maintenance, work order system, vendor management, labour, scheduling, 

inventory control, and budgeting. 

13-H Integration of design and storage information can be used in Operations and Maintenance for meeting requirements, 

such as sharing information of life-cycle cost among the kye stakeholders of the facility, related to all stages of the 

lifecycle. This helps in effective controlling of repairing cost and time required to do so. 

11-J A knowledge-based BIM visual analytics approach helps in detection of root cause of failure in the facility 

management. This in turn allows an integration between BIM and asset management so that resource optimisation can 

be done effective in operations and maintenance. 

12-I BIM allows visualisation that provides important data, which can be integrated for enhancing preventive maintenance 

service of a facility. For example, a facility can use BIM for a 3-D visualisation that offers both textual information 

and 3D drawings of the facility. This can help facility management by generating a long-term schedule and 

notifications for the facility’s preventive maintenance. 
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Framework Validation – Interview Responses and Thematic Analysis   

The BIM and Lean Construction interaction framework needed to be validated 

so that its effectiveness, appropriateness, understanding and clarity could be ensured 

and identified. This was achieved through the conduction of a mixture of structured and 

semi-structured interviews among 6 participants, who included project managers, 

facilities managers and professionals in the field of quality improvement, lean 

construction and project management. These six experts were chosen because their 

valuable insights into the conceptual Facilities Management framework via integration 

of BIM and Lean Construction helped in verifying and testing the research outcome. 

The general profile of each participant is shown in the following table 31: 

 

 

Table 39. Demographics of Interviewees  

Sr. No. Job title Job experience (in 

years) 

Type of Company 

1 Project manager 8 years Contractor 

2 Project manager More than 10 years Developer 

3 Technical director  15 years Developer  

4 Facilities manager 10 years Contractor  

5 Construction 

consulter  

12 years Developer  

6 Facilities manager  7 years Contractor  

 

 

Below are their summarised responses divided into themes, which were 

deduced from thematic analysis. 
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Theme 1: Perception about the BIM-Lean Construction (BIM-LC, LC-Facilities 

Management, BIM- Facilities Management, and (BIM + LC)-Facilities Management 

Frameworks for a Facility Management. All 6 interviewees appreciated the conceptual 

framework and subsequent four matrices (strategic level frameworks), and considered 

them as a stepping stone which can help to attain desired facility management and 

enhanced quality in construction projects of Qatar. When asked about interaction 

between Lean Construction Facilities Management and BIM, all of them agreed that 

integration between BIM functions and lean principles can offer better value creation 

tools, which can assist companies in terms of managing potential challenges and 

barriers, enhancing management of projects, and offering support to the facilities 

management process. 

 

Theme 2: Appropriateness of the BIM-Lean Construction Framework for 

Facilities Management within the context of Qatar. All 6 interviewees agreed to the fact 

that there is low to limited understanding of BIM and Lean Construction in a large 

number of companies. Due to this, so far, no company in the construction industry of 

Qatar has implemented this proposed model for facilities management. The majority of 

firms either apply Lean Construction or BIM, and the implementation is also to a low 

extent due to low awareness, training and education. Hence, all of them agreed that the 

framework is reasonable enough to be tested and applied in the construction companies 

of Qatar. 

 

Theme 3: Clarity of the BIM-Lean Construction Framework for its adoption in 

Qatar and subsequent implementation for Facilities Management in its construction 

companies. All interviewees showed agreement towards clarity of structure of the 
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interaction framework. They highlighted the need for an intuitive and simple 

presentation of all four-interaction matrix. According to them, all arrangements and 

explanation of cells were easy to follow and understand. 

 

Theme 4: Limitations of the BIM-Lean Construction Framework. A majority of 

the interviewees identified one flaw within the framework. They stressed that some of 

the frameworks lacked an implementation level, which otherwise would have shown 

possible associations between Lean Construction and Facilities Management, BIM and 

Facilities Management, and (BIM + Lean Construction) and Facilities Management 

functions. Therefore, the absence of an implementation level within these proposed 

frameworks makes them less effective in guiding professionals about how to apply 

them in the construction industry.  

 

Theme 5: Contribution of the BIM-Lean Construction Framework to 

enhancement of Quality Management practices in Qatar construction sector. A majority 

of the interviewees agreed that the proposed strategic level Facilities management 

framework as per interaction between Lean Construction and BIM, Lean Construction 

and Facilities Management, BIM and Facilities Management, and (BIM + Lean 

Construction) and Facilities Management could contribute usefully to improvement of 

quality management in the construction sector of Qatar. They stressed that the 

framework could lead to better quality management practices through better managing 

and controlling the construction projects, and thus, enhancing processes in an 

incremental and continual manner.  
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Framework Implementation Tips   

With changes made to the flaw identified by a majority of the interviewees, the 

proposed strategic frameworks can be implemented by interlinking Lean Construction 

with Facilities Management functions, BIM and Facilities Management functions, and 

(BIM + Lean Construction) and Facilities Management functions. When BIM 

applications are combined with current methods and tools of Lean Construction, this 

will facilitate Facilities Management through enhancement of the quality of buildings 

and infrastructure in Qatar. Addition of emerging technologies such as digitalization, 

smart sensors, personal devices and the Internet of Things (IoTs) can prove to be critical 

in terms of achieving high levels of effectiveness and efficiencies in Facilities 

Management that is supported by the synergies in the integration of BIM and Lean 

Construction. 

 

Chapter Summary    

Overall, this chapter has developed four versions of the strategic-level 

conceptual framework based on the questionnaire findings of the research. It was 

validated through conduction of a mixture of structured and semi-structured interviews 

with project managers, facilities managers and professionals in the field of quality 

improvement, lean construction and project management, and subsequent generation of 

useful themes. 
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Chapter Six – Results and Discussion 

Chapter Introduction  

This chapter presents the findings of the structured and semi-structured 

interviews aimed at verifying and validating the proposed facilities management 

conceptual framework. A generic strategic-level model of the Facilities Management 

conceptual framework suitable for developing countries is discussed. A comparative 

analysis of such a model with models that have been implemented in developed 

countries has been provided. Perspectives on the merits, demerits and implementation 

of such a framework in developing countries are also outlined. 

 

Case Study Competence 

The level of competences in the Case study can be seen by considering 

following graphs which show the following for LC and BIM: awareness levels, 

preparedness levels, extent of use, and implementation status.  

 

 

 

Figure 7. Graph between extent of use of Lean versus BIM 

31.50% 32.00% 32.50% 33.00% 33.50% 34.00%
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BIM LC



 

102 

 

 

 

 

Figure 8. Graph between Awareness of Lean versus BIM 

 

 

 

Figure 9. Graph between Preparedness for Lean versus BIM 
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Figure 10. Graph between Implementation of Lean versus BIM 

 

 

The 1st graph shows that in terms of extent of use, BIM is used to a moderate 

extent, whereas, LC is used to some extent only. In other words, there is comparatively 

wider extent of use of BIM. The 2nd graph shows that most of participants agreed to 

lack to awareness of lean construction models, and lack of awareness and clarity of 

BIM. Yet, the comparison showed that there was more lack of awareness of LC 

comparatively, which can be supported by its less extent of use. 

The 3rd graph shows that majority of participants gave neutral response to 

preparedness for adopting LC. On the contrary, most of them agreed to preparedness 

for BIM. In other words, there is more readiness for BIM comparatively at present. The 

4th graph shows that majority of participant agreed to low yet successful 

implementation of BIM, whereas, most of them neutrally responded to implementation 

of few features of LC in organisation due to cultural resistance to change. Hence, it can 
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be deduced that there is confirmation related to low yet successful implementation of 

BIM, yet, unclear responses were generated related to lack of implementation of LC. 

 

BIM Functionality and Dimensions in the Construction industry of Qatar 

The following table 40 shows functions and dimensions of BIM currently being 

used in the local construction industry, global regions, and especially Qatar. This is a 

checklist to show how far the case study companies in Qatar are utilizing complete BIM 

functions in contrast to the local and global industries. 

 

Table 40. BIM functionality and dimensions in Qatar vs local industry vs global 

industry 

 BIM Functions and Dimensions Construction Industry 

Functions Qatar Mena-Region Global 

1 Lean Construction    

2 Project scheduling     

3 Project visualisation     

4 Supply chain management    

5 Real time analysis    

6 Budget visualisation     

7 Optimisation of construction 

costs 

   

8 Energy consumption tracking    

9 Conceptual energy analysis    

10 Maintenance and operation 

manuals  

   

11 Life cycle assessment     

12 Project specifications    

13 Optimisation of asset 

management  

   

14 Procurement management     

Dimensions    

3D     

4D     

5D     

6D     

7D     
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The table 40 shows only implementation of 3D, 4D and 5D dimensions of BIM 

in Qatar. This can be supported with the literature review findings, which showed that 

only few functions of these dimensions are implemented in Qatar, such as scheduling 

function of 4D, and cost estimation function of 5D (Charef et al., 2018). However, 

sustainability function of 6D and facility management function of 7D BIM are seldom 

or rarely used in Qatar and the Mena region. This reflects that the construction industry 

in Qatar may be disadvantaged by not using the complete functions and dimensions of 

BIM. This limited functionality would affect facilities management post occupation of 

constructed facilities in terms of poor construction site planning, poor preparedness 

throughout the construction process, challenging budgetary analysis, high consumption 

of energy, inefficient operational management, and weak asset management throughout 

the facility lifecycle. 

 

Main Findings and Discussion 

Drawing on the interview responses, the conceptual strategic-level frameworks 

were appreciated and considered as a stepping stone, which can help to attain desired 

facility management and enhanced quality in construction projects of Qatar. All 

interviewees agreed that the integration between BIM functions and Lean Construction 

principles, Lean Construction and Facilities Management, BIM and Facilities 

Management, and (BIM + Lean Construction) and Facilities Management can offer 

better value creation tools, which can assist companies in terms of managing potential 

challenges and barriers, thus enhancing management of projects, and offering support 

to the facilities management process. Moreover, appropriateness, clarity of structure 

and reasonableness of the model was highlighted, so that it can be tested and applied in 

construction companies of Qatar. Nevertheless, all interviewees agreed that the 
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proposed strategic-level facilities management frameworks as per interaction between 

Lean Construction and BIM, Lean Construction and Facilities Management, BIM and 

Facilities Management, and (BIM + Lean Construction) and Facilities Management can 

contribute to improvement of quality management in the construction sector in Qatar. 

It has been postulated that the strategic-level frameworks can lead to better quality 

management practices through better managing and controlling the construction 

projects, thus enhancing processes in an incremental and continual manner for the 

lifecycle of a facility. Therefore, Figure 7 is a generic strategic-level model for 

Facilities Management, suitable for developing countries. The model shows that 

applications of BIM functions and tools (stage 1) along with how implementation of 

Lean Construction principles and Kaizen (stage 2) can offer; desired targets of an 

effective facilities management program, a holistic usage of Lean Construction and 

BIM for better construction quality, and, consequently, maximized value for customers. 

 

 

 
 

Figure 11. Generic Model for Facilities Management framework for developing 

countries. 
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The aforementioned proposed generic strategic-level assumes that similar BIM 

standards and Lean Construction principles are followed across different construction 

companies. This model can be compared with a LC-BIM quality house model, which 

was proposed for implementation in developed countries, such as China. The study by 

Zhang (2019) provided a visual description of a Lean Construction – BIM quality 

improvement house, which showed how BIM can be integrated with Lean 

Construction. This integrated model was then used to enhance construction quality in 

the Chinese construction sector. The generic model proposed in Figure 7 is not as 

detailed and holistic as that provided by Zhang (2019). This is due the demerit of the 

matrices, such that the four strategic-level frameworks lack an implementation level, 

which otherwise would have shown possible associations between BIM applications 

and Lean Construction tools and methods, Lean Construction and Facilities 

Management, BIM and Facilities Management, and (BIM + Lean Construction) and 

Facilities Management. Even though, the model proposed in this thesis is strong in 

terms of offering a thorough understanding on how to use interactions between BIM 

and Lean Construction for Facilities Management and why the integration is important. 

The generic model in figure 4 can be expanded and developed further into an 

implementation level framework but further explorations and pilot implementations in 

several case studies. This will make it more effective and a more detailed as well as 

more specific guide for professionals and practicing engineers in terms of its application 

in companies in developing countries. 
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Chapter Summary  

This chapter has summarized the main findings of interviews, and proposed a 

generic strategic-level model of the Facilities Management conceptual framework that 

is suitable for developing countries. The proposed model has been compared with 

another model that was implemented in developed countries, so that perspectives on 

the merits, demerits and implementation of such a strategic-level framework in 

developing countries can be outlined. 
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Chapter Seven – Conclusions and Recommendations 

Introduction 

This chapter presents the key conclusions of the study as well as providing some 

practical recommendations to help organisations implement the conceptual strategic-

level framework to enhance their performance. The chapter also discusses the study’s 

implications and provides some ideas that could be further researched in the future.  

 

Key Conclusions   

The overarching aim of this study was to develop a conceptual strategic-level 

framework for facilities management through exploring the benefits, barriers and 

success factors associated with the synergy between Lean Construction and BIM. This 

aim was addressed by conducting an empirical study on the construction industry in 

Qatar. Data obtained through this empirical study was used to synthesize a strategic-

level framework for facilities management. The study unfolded by addressing three 

main objectives and two research questions.  

The first objective (To explore the extent of adoption of practices of Lean 

Construction by the construction industry in Qatar) was fulfilled by studying the 

dynamics of the operations of construction companies in Qatar through surveys and 

interviews. The literature review also showed that in the past decades, there were 

unclear visions on key methods, practices, and tools in the public literature on lean 

construction. In most developing countries including Qatar, the lean journey started 

recently and was consolidated by the development of a Lean Construction Institute 

chapter in Qatar. Due to this observation, each construction company has been 

implementing lean construction principles differently as per their own internal features. 

Therefore, the philosophy of lean construction in the past was unclear and complex to 
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implement and pursue due to lack of an iterative basis for performance enhancement, 

waste reduction and customer value maximisation. This was supported by this study 

findings which showed limited awareness and preparedness for Lean Construction in 

some of the construction companies in Qatar. Extensive lean implementations are 

expected to rise in the near future since a lot of awareness, preparations for lean 

implementations have been initiated by leading construction companies in Qatar. 

The 2rd objective (To identify the challenges, barriers and success factors 

associated with integrating BIM, Facilities Management and Lean Construction) was 

attained by gathering survey responses, which revealed success factors such as sharing 

of training for employee development, continuous improvement, and leadership. This 

is also supported by the findings of McArthur & Bortoluzzi (2018) elsewhere. The 

study further identified several moderate challenges such as culture and language 

barriers, high implementation cost, inadequate organisational infrastructure, and less 

trained, skilled, and educated staff, which were also identified by literature review study 

by Terreno et al. (2019). One of the research questions in this study (What are the 

contextual and organisational factors that may hinder the effective integration of Lean 

Construction, BIM and Facilities Management?) was answered the 2nd research to a 

moderate extent by the findings of the conducted survey. In answering this question, 

the study identified a number of organisational challenges. However, a smaller number 

of contextual factors have been identified that may hinder the effective integration of 

Lean Construction, BIM and Facilities Management. 

The 3rd objective (To develop and validate a conceptual framework for 

Facilities Management based on inputs from integrating Lean Construction and BIM) 

was achieved by designing four interactive matrices between: (i) Lean Construction and 

BIM, (ii) Lean Construction and Facilities Management, (iii) BIM and Facilities 
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Management, and (iv) {BIM + Lean Construction} and Facilities Management. These 

interactive matrices were validated through a mix of structured and semi-structured 

interviews with professionals in the construction industry in Qatar. The interaction 

matrices were developed based on a generic model for knowledge-informed facilities 

management at strategic level. The development of the generic model and the 4-level 

strategic Facilities Management framework helped in answering one of the research 

questions (How can Lean Construction, BIM and Facilities Management be integrated 

in a collective model for the continued benefits of lean construction management?). The 

study findings have answered this question to a great extent by designing four 

interactive matrices related to the proposed strategic generic model. This question has 

been answered comprehensively since four possible forms of interactions between 

BIM, Lean Construction and Facilities Management have been illustrated and 

thoroughly explained. The matrix illustrations provided and insight into the 

interconnections, and synergies among the three key research components. The 

resulting matrices show that integrating Lean Construction, BIM and Facilities 

Management has potential benefits generally related to optimization of the built 

environment to the satisfaction of facility owners, managers, and users. Although there 

are several non-technical and technical challenges and barriers in integrating Lean 

Construction, BIM and Facilities Management, successful integration may impact life 

cycle facilities operational and maintenance costs. An implementation level framework 

was developed between BIM and Facilities Operations and Maintenance. It provided 

implementation guidelines and showed ways of enhancing quality of facilities through 

integration of BIM functionality with Facilities Operations and Maintenance principles. 
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Research Contribution 

This research has contributed to the existing literature by developing an 

interaction framework between BIM, Lean Construction, and Facilities Management 

for the construction industry in Qatar. The framework comprised of four sets of 

interactive matrices, hence is termed as a four-level interactive framework. Research 

findings provide an attempt at closing the theoretical gap related to associations 

between BIM and Lean Construction for improving Facilities Management within 

construction companies. Therefore, the developed framework provides a new 

perspective on how Lean Construction, BIM, and Facilities Management can be 

integrated to perpetuate the benefits of lean principles in the construction industry. 

Unlike the common reactive approach in which Facilities Management requirements 

information is collected at project closeout, the proposed approach is proactive in the 

sense that Facilities Management information requirements are collected continuously 

from facilities design throughout the construction project life cycle. This study has also 

expanded the current knowledge base of BIM and Lean Construction approaches by 

pointing out how and why a proactive Facilities Management approach is necessary. In 

addition, the proposed approach is also different from the usual attempt on introducing 

lean in facilities management as a reaction to low performance and/or low operating 

levels of a constructed facility.   

 

Recommendation 

Although BIM was adopted in Qatar for more than a decade now in many mega 

projects such as Lusail city, Qatar Metro, and recent infrastructure projects by Ashghal, 

BIM adoption was fairly limited to applications during the design and construction 

phases. In Qatar, BIM is mainly adopted in applications such as: design coordination 
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and verification, quantity take-offs, bill of quantity creation, project cost estimations, 

design analysis, shop drawings design generation and verification, constructability 

analysis and clash detection, accessibility analysis, schedule simulation and 

verification, progress monitoring and dispute resolution. 

The growth of the construction industry in Qatar is expected to continue until 

2030; therefore, the need for proper facilities and robust operational and management 

process will be required. Based on this research findings, it is recommended that BIM 

should be adopted at early stages with a main focus and consideration on successful 

FM integration. Similarly, it is recommended that BIM adoptions in Qatar with focus 

on facilities management takes into considerations the following BIM applications 

during the early stages of the tendering process: 

 The interoperability of the as built integrated BIM model with BMS and FM platforms 

based on typical BIM standards. 

 The ability of integrating the BIM model with BMS for energy consumption tracking. 

 The integration of maintenance and operation manuals within the BIM model for future 

time saving and assets management 

 The integration of warranty information within the BIM model 

 The detailed elements, systems and facility specifications for future FM processes 

It is recommended that future research based on this study should measure and 

quantify the current level of BIM adoption into facilities management within the 

construction industry in Qatar. Similarly, based on the presented framework, it is 

recommended to measure and quantify how proper lean concepts adoption during 

design and construction phases may contribute to enhancing facilities and operational 

management processes in construction projects in Qatar.  
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Furthermore, it is suggested that professionals in BIM, Lean construction, 

quality improvement, Facilities Management must focus on BIM applications and 

functions along with current methods, principles, and tools of Lean Construction, which 

will facilitate Facilities Management through enhancement of quality of buildings and 

infrastructure in Qatar. It is also necessary to point out that BIM is not just another 

modelling tool which is required during the design and construction phase of a facility. 

It should be viewed as a tool that collects data and information from design until end 

of life of a facility. While most facilities managers do not consider BIM to be a useful 

tool in facilities management this is just a misconception that requires more case studies 

and evidence to resolve. Construction companies should therefore dig deeper into BIM 

functionality to leverage on the potential strength of BIM as an information tool 

throughout the life cycle of a facility. Integrating BIM and Lean construction can 

resolve the usual problems of being overwhelmed by data and information collated in 

BIM. In addition, it is recommended that BIM functionality and value can be unlocked 

by linking it with other software packages that are commonly used by facility managers. 

This can prove to be critical in removing the barriers due to misconceptions on the 

capabilities and usefulness of BIM in sustainable management of facilities.  

 

Study Implications   

The thesis has examined the interactions between BIM, Lean Construction and 

Facility Management. Both quantitative and qualitative approaches were used for the 

development of the four-level interaction framework. The existing literature was 

validated by gathering theoretical viewpoints from the construction industry, and 

conducting a survey (questionnaire and interviews) within the case study, i.e. Qatar 

construction industry. Overall, the interaction between Lean Construction principles 
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and approaches and BIM quality-based functions implies that this synergy can enhance 

the quality of construction in developing countries based on an integrated and holistic 

use of Lean Construction and BIM. The integration between Lean Construction, BIM 

and Facilities Management implies that integrated BIM functions and Lean principles 

offer better value creation tools that help in managing potential challenges, and 

enhancing and offering support to the Facilities Management process. Moreover, the 

developed 4-level interactive model implies that such an integration model can offer 

help to government and construction companies in terms of identifying the direction of 

BIM and Lean Construction approaches, which are based on a general improvement in 

quality of construction works.  

 

Study Limitations and Future Directions 

The scope of the study was limited to the construction sector in Qatar. The lack 

of time and resources resulted in the conduction of a survey within a limited number of 

construction companies in Qatar. The prevalence of COVID-19 also limited the number 

of face-to-face interviews with professionals in Qatar construction industry. The 

interviews were conducted in Qatar. Therefore, the results cannot be generalized for 

construction companies in developing countries.  Therefore, future researchers can 

expand this research by investigating the proposed interaction models in other 

companies in Qatar as well as conduct surveys in other developing countries. Future 

studies can also focus on developing facility management models at implementation 

levels. This is expected to reveal possible latent associations between Lean 

Construction and Facilities Management, BIM and Facilities Management, as well as 

BIM and Lean Construction versus Facilities Management.  
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Appendix A: Copy of Consent Form sent via Email  

Dear Participant,  

 

My name is …, and I am a postgraduate student at the University of Qatar. I am 

currently conducting an independent research study as part of my Master's degree 

and I am kindly requesting your help and contribution in this research. My research 

aims to develop a conceptual framework for Lean Construction Management 

through exploring the barriers associated with linking BIM and Facilities 

Management.  

To achieve this aim, the following objectives have been identified:  

7 To critically review the current theories on lean construction, BIM and Facilities 

Management  

8 To explore the widely adopted practices of Lean Construction  

9 To identify the challenges, barriers and success factors associated with integrating 

BIM, facilities management and Lean Construction  

10 To develop and validate a conceptual framework for integrated Lean Construction  

11 To provide practicable recommendations for the implementation of the integrated 

model. 

  

I am seeking your input by completing a short survey that aims to explore your views 

and perceptions on the current practices so that better understanding of the 

challenges associated with BIM, Facilities Management integration into Lean 

Construction.  

 

This study is part of an academic programmeme and the results are only used for 

academic purposes. Your participation is on a voluntary basis and the study does not 

seek to collect any personal details from you. You have the right to withdraw from 

the study at any stage and any data provided by you will be destroyed and not used. 

The data is only accessed by the researcher and the supervisor and will be saved in 

highly secured computer networks. This study does not pose any health and safety 

hazards and the estimated time to compete the survey would be around 30 minutes 

which will be highly appreciated.  
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Should you have any questions about the study and its objectives, please feel free to 

contact me at any time. If you would like to receive a copy of the final findings of the 

study, I would be more than happy to share with you once the degree is awarded.  

 

 

I would be very grateful for your participation in this study. 

 

Kind regards 
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Appendix B: Copy of Survey Protocols 

Initial Questionnaire for Framework Development 

 

Dear participant,  

Thank you for agreeing to take part in this survey that aims to understand the challenges 

and success factors associated with Lean construction, Facilities Management, and 

BIM practices in Qatar and how they can be integrated to enhance the effectiveness of 

the construction sector in Qatar.  

 

Section A: Demographics 

1. Please indicate your role?  

a. Owner – government  

b. Owner – private sector 

c. Consultant – site supervision 

d. General contractor 

e. Subcontractor  

f. Project manager 

g. Supplier 

h. Academic or Researcher  

 

2. What is the length of your experience please? 

a. Less than 3 years 

b. 4 – 7 years 

c. 8 – 11 years 

d. More than 12 yours 

 

Section B: Lean Construction 

3. To what extent does your organisation use Lean Construction for projects? 

a. Not at all 

b. To some extent 

c. To a moderate extent 

d. To a great extent 
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4. Kindly rate the extent of your agreement or disagreement with the Awareness of Lean 

Construction in your organisation. (1: Strongly agree – 5: strongly disagree) 

a. Waste reduction is handled through integration of lean production systems in 

construction projects (1 – 2 – 3 – 4 – 5) 

b. Lean construction models are applied in your construction company (1 – 2 – 3 – 4 – 5) 

 

5. Kindly rate the extent of your agreement or disagreement with the Preparedness for 

Lean Construction implementation. (1: Strongly agree – 5: strongly disagree) 

a. Your company is ready to adopt lean construction instruments and principles (1 – 2 – 

3 – 4 – 5) 

b. Your company focuses on adopting lean construction so that wastes can be reduced and 

maximum end-product value can be attained (1 – 2 – 3 – 4 – 5) 

 

6. Kindly rate the extent of your agreement or disagreement with the Implementation of 

Lean Construction. (1: Strongly agree – 5: strongly disagree) 

a. Your company implements few distinct features of lean construction due to cultural 

resistance to this change. (1 – 2 – 3 – 4 – 5) 

b. Your company implements lean construction differently since there exists unclear 

vision of key methods, practices and tools of lean construction. (1 – 2 – 3 – 4 – 5) 

 

7. Kindly rate the extent of your agreement or disagreement with the Benefits of 

implementing Lean Construction. (1: Strongly agree – 5: strongly disagree) 

a. Better delivery processes and systems (1 – 2 – 3 – 4 – 5) 

b. Improved financial status and project performance of company (1 – 2 – 3 – 4 – 5) 

c. Better health and safety as per clients’ requirements (1 – 2 – 3 – 4 – 5) 

d. Waste elimination (1 – 2 – 3 – 4 – 5) 

e. Higher client satisfaction (1 – 2 – 3 – 4 – 5) 

f. Reduced construction office times (1 – 2 – 3 – 4 – 5) 

g. Higher turnover (1 – 2 – 3 – 4 – 5) 

h. Lower project costs (1 – 2 – 3 – 4 – 5) 

 

8. In your view, what are the critical success factors for implementing Lean Construction 

in your organisation? (1: Strongly agree – 5: strongly disagree)  

a. Role of Senior Management (1 – 2 – 3 – 4 – 5) 
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b. Process-focused efforts (1 – 2 – 3 – 4 – 5) 

c. Improvement goals (1 – 2 – 3 – 4 – 5) 

d. Involvement of Stakeholders (1 – 2 – 3 – 4 – 5) 

e. Appropriate Training (1 – 2 – 3 – 4 – 5) 

f. Flexible time to be spent on improvements (1 – 2 – 3 – 4 – 5) 

g. High level of Communication between Suppliers (1 – 2 – 3 – 4 – 5) 

h. Assessment of Barriers to change and formation of an Action Plan (1 – 2 – 3 – 4 – 5) 

 

9. In your view, what are the main barriers and challenges associated with implementing 

Lean Construction in your organisation? (1: low challenge – 5: high challenge)  

a. Changing Employees’ Working Culture (1 – 2 – 3 – 4 – 5) 

b. Cost of Implementation (1 – 2 – 3 – 4 – 5) 

c. Lack of Lean Knowledge (1 – 2 – 3 – 4 – 5) 

d. Long Implementation Time (1 – 2 – 3 – 4 – 5) 

e. Complexity (1 – 2 – 3 – 4 – 5) 

f. Lack of Cooperation from Employees (1 – 2 – 3 – 4 – 5) 

g. Lack of Incentives (1 – 2 – 3 – 4 – 5) 

h. Lack of long-term Forecast and Investment (1 – 2 – 3 – 4 – 5) 

 

Section C: BIM 

10. To what extent does your organisation use Building Information Modelling (BIM) for 

projects? 

a. Not at all 

b. To some extent 

c. To a moderate extent 

d. To a great extent 

 

11. Kindly rate the extent of your agreement or disagreement with the Awareness of BIM. 

(1: Strongly agree – 5: strongly disagree) 

a. Limited awareness of BIM among contractors, architects, facility managers and 

quantity surveyors (1 – 2 – 3 – 4 – 5) 

b. Lack of clarity of BIM (1 – 2 – 3 – 4 – 5) 
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12. Kindly rate the extent of your agreement or disagreement with the Preparedness for 

using BIM. (1: Strongly agree – 5: strongly disagree) 

a. BIM application requires a Bottom-up approach (1 – 2 – 3 – 4 – 5) 

b. BIM application requires involvement of people in implementation stage (1 – 2 – 3 – 4 

– 5) 

 

13. Kindly rate the extent of your agreement or disagreement with the Implementation of 

BIM in construction projects. (1: Strongly agree – 5: strongly disagree) 

a. Successful application of BIM. (1 – 2 – 3 – 4 – 5) 

b. Low implementation of BIM in construction and infrastructure projects. (1 – 2 – 3 – 4 

– 5) 

 

14. Kindly rate the extent of your agreement or disagreement with the Benefits of BIM. (1: 

Strongly agree – 5: strongly disagree) 

a. Highly cooperative construction idea and design (1 – 2 – 3 – 4 – 5) 

b. Enhance construction project management process and methods (1 – 2 – 3 – 4 – 5) 

c. Effective application of lean principles (1 – 2 – 3 – 4 – 5) 

 

15. In your view, what are the critical success factors for implementing BIM? (1: Strongly 

agree – 5: strongly disagree)  

a. Client’s acceptance with BIM projects (1 – 2 – 3 – 4 – 5) 

b. Organisational Structure to support BIM system within company (1 – 2 – 3 – 4 – 5) 

c. Financial Support from the Government to set up BIM system (1 – 2 – 3 – 4 – 5) 

d. BIM Standards for the Industry (1 – 2 – 3 – 4 – 5) 

e. BIM Training programmes (1 – 2 – 3 – 4 – 5) 

f. Information-sharing protocols (1 – 2 – 3 – 4 – 5) 

g. Competent technical support team within company (1 – 2 – 3 – 4 – 5) 

h. Professional BIM Design team within company (1 – 2 – 3 – 4 – 5) 

 

16.  In your view, what are the main barriers and challenges associated with implementing 

BIM? (1: low challenge – 5: high challenge)  

a. High operational costs (1 – 2 – 3 – 4 – 5) 

b. Lack of training and expertise (1 – 2 – 3 – 4 – 5) 

c. Lack of commitment from top management (1 – 2 – 3 – 4 – 5) 
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d. Not widely adopted in Qatar (1 – 2 – 3 – 4 – 5) 

e. Resistance to change (1 – 2 – 3 – 4 – 5) 

f. Lack of awareness about benefits (1 – 2 – 3 – 4 – 5) 

 

Section D: Integration of Lean Construction, BIM and Facilities Management 

17. Do you think BIM, Facilities Management and Lean Construction can be integrated to 

enhance data visualisation and enhance performance? 

a. Strongly agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly disagree 

 

18. What do you think are the benefits that can be achieved from integrating BIM and 

Facilities Management? (1: Strongly agree – 5: strongly disagree)  

a. Ease of data transfer (1 – 2 – 3 – 4 – 5) 

b. Better tracking and maintenance of assets (1 – 2 – 3 – 4 – 5) 

c. Improved issuing of work orders (1 – 2 – 3 – 4 – 5) 

 

19. What do you think are the benefits that can be achieved from integrating Facilities 

Management and Lean Construction? (1: Strongly agree – 5: strongly disagree)  

a. Increased value for customers (1 – 2 – 3 – 4 – 5) 

b. Reduced inefficiencies (1 – 2 – 3 – 4 – 5) 

c. Increased productivity level (1 – 2 – 3 – 4 – 5) 

 

20. What do you think are the benefits that can be achieved from integrating BIM and Lean 

Construction? (1: Strongly agree – 5: strongly disagree)  

a. Creation of automated work package (1 – 2 – 3 – 4 – 5) 

b. Effective coordination (1 – 2 – 3 – 4 – 5) 

c. Better control and management of project schedule, cost and quality (1 – 2 – 3 – 4 – 5) 

d. Waste reduction (1 – 2 – 3 – 4 – 5) 

 

21. What barriers and challenges exist for integrating BIM and Facilities Management? (1: 

low challenge – 5: high challenge)  
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a. Hard data entry in Facilities Management Software (1 – 2 – 3 – 4 – 5) 

b. Scattered and unorganised data (1 – 2 – 3 – 4 – 5) 

c. Outdated model (1 – 2 – 3 – 4 – 5) 

d. Lack of BIM skills (1 – 2 – 3 – 4 – 5) 

e. Lack of communication (1 – 2 – 3 – 4 – 5) 

f. Lack of training (1 – 2 – 3 – 4 – 5) 

g. Lack of collaboration between end user and project stakeholders (1 – 2 – 3 – 4 – 5) 

 

22. What barriers and challenges exist for integrating Lean Construction and Facilities 

Management? (1: low challenge – 5: high challenge)  

a. Insufficient resources (1 – 2 – 3 – 4 – 5) 

b. Language barrier (1 – 2 – 3 – 4 – 5) 

c. Culture barrier (1 – 2 – 3 – 4 – 5) 

d. High expectations of customers (1 – 2 – 3 – 4 – 5) 

 

23. What are the main barriers for integrating lean construction and BIM for Facilities 

Management? (1: low challenge – 5: high challenge)  

a. Cost of implementation (1 – 2 – 3 – 4 – 5) 

b. Lack of government incentives (1 – 2 – 3 – 4 – 5) 

c. Lack of employee skills (1 – 2 – 3 – 4 – 5) 

d. Lack of BIM standard (1 – 2 – 3 – 4 – 5) 

e. Lack of organisational infrastructure (1 – 2 – 3 – 4 – 5) 

f. Uneven risk sharing (1 – 2 – 3 – 4 – 5) 

g. Lack of training and education (1 – 2 – 3 – 4 – 5) 

h. Resistance to change (1 – 2 – 3 – 4 – 5) 

 

24. What are the success factors for integrating Lean Construction and Facilities 

Management? (1: Strongly agree – 5: strongly disagree)  

a. Use of reliable tested technology (1 – 2 – 3 – 4 – 5) 

b. Leadership (1 – 2 – 3 – 4 – 5) 

c. Continuous improvement (1 – 2 – 3 – 4 – 5) 

d. Training for employee development (1 – 2 – 3 – 4 – 5) 

e. Sharing of crucial data and information (1 – 2 – 3 – 4 – 5) 
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25. What are the success factors for integrating Lean Construction and BIM for Facilities 

management? (1: Strongly agree – 5: strongly disagree)  

a. Standardization (1 – 2 – 3 – 4 – 5) 

b. Organisation continuous improvement (1 – 2 – 3 – 4 – 5) 

c. Visual management use (1 – 2 – 3 – 4 – 5) 

d. Information maintenance and model integrity (1 – 2 – 3 – 4 – 5) 

e. Rapid assessment and generation of alternative construction plans (1 – 2 – 3 – 4 – 5) 

f. Selection of an appropriate method of production control (1 – 2 – 3 – 4 – 5) 

g. Collaboration in the design and construction (1 – 2 – 3 – 4 – 5) 
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Interview for Framework Validation 

 

Dear Participant,  

Thank you for agreeing to take part in this interview to validate the developed 

conceptual framework for Lean Construction. This interview aims to improve and 

assess the accuracy and suitability of the four-level interaction framework 

 

Q1 Based on your experience in the field of construction, what do you think 

about the overall framework and interaction between its different 

components?  

Q2 Do you agree or disagree that this framework is Qatari-context oriented? 

Why? 

Q3 Based on your experience, do you think this framework is clear enough to be 

implemented for Facilities Management in Qatar if adopted?  

Q4 Based on your experience, what are the limitations of this framework?  

Q5 Based on your experience, can this framework contribute to the improvement 

of quality management practices in the construction sector in Qatar and how?   
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Table 1(a). Interaction Matrix of BIM functionality and Lean Construction principles for Facilities Management  

 Lean Construction Principles as per its Benefits 

Better 

management 

and control of 

project cost, 

quality, and 

schedule  

Waste 

reduction 

Effective 

coordination  

Leadership  Continuous 

improvement 

(kaizen) 

Training for 

employee 

development 

BIM functionality as per Key Success 

Factors 

A B C D E F 

Organisation continuous improvement  1 X       

Collaboration in Design and 

Construction 

2   X   X   

Information maintenance and model 

integrity  

3 X      

Organisation structure to support BIM 

system  

4 X     X   

Competent technical support 5 X  X    X  

BIM Training 6     X  X  

Minimal cultural and language barriers 7   X  X   X  

Professional BIM design team 8  X      

Top Management Support  9    X   X  
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Table 1(b). Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-A Principle of kaizen, i.e. continual improvement while applying BIM leading to better facility management through enhanced 

control and management of project schedule, operational costs, and quality of projects. 

3-A Model integrity along with better maintenance of information can help in better scheduling, minimise misinformation and 

avoid unnecessary work for staff 

4-A Organisational structure to support application of BIM can also improve success rate of projects through better control and 

management of time, finances and quality. 

4-E Supportive organisational structure for BIM can help in seeking continual improvement, i.e. Kaizen which is the main 

principle of Lean Construction. 

2-C Collaboration in BIM design and construction along with effective coordination in Lean Construction can result in favourable 

outcomes for facilities management in the industry. 

2-E Collaboration in BIM design and construction can speed up the continuous improvement process in construction companies. 

7-C Removal of language and cultural barriers during implementation of BIM can facilitate Lean Construction through more 

effective coordination in facility management. 

7-F Minimal cultural and language barriers allow trainers and leaders to better guide and lead subordinates and trainees.  

7-D Minimal cultural and language barriers during BIM application can strengthen leadership in Lean Construction, which can 

lead to better training and guidance of key personnel for facility management. 

6-E Provision of BIM training allows staff to better execute methods and job roles which are relative to Lean Construction in 

construction companies. 

6-F BIM training along with employee development training can enhance skills, professional personality, expertise and knowledge 

of staff, so they can use reliable and tested technology for Lean Construction. 

5-A Competent technical support improves control and management of project schedule, operational costs, and quality of technical 

parts of the project. 

5-C Competent technical support for BIM applications reflects effective coordination, which can facilitate the industry in Lean 

Construction and Facility Management. 

5-F Competent technical support for BIM along with training for employee development regarding Lean Construction can 

produce the required manpower for successful Facilities Management. 

8-B Professional BIM design team within the industry can reduce waste to the desired extent. 
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9-D Top management support for BIM and leadership in Lean Construction ensures a satisfied, more aware, and committed 

workforce. 

9-F Top management support for development of employees in required fields can produce desired results. 

 

 

Table 2(a). Interaction Matrix of Lean Construction and Facilities Management  

  Facilities Management   

High value for 

customers  

Lower 

inefficiencies 

Higher productivity 

level   

Sharing of crucial 

information and data  

Lean Construction A B C D 

Minimal language barrier 1    X  

Minimal cultural barrier 2   X   

Sufficient resources   3  X    

Use of reliable tested technology  4 X     

Leadership  5   X   

Kaizen  6  X    

Training  7  X    
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Table 2(b). Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-D Removal of language barrier during implementation of Lean Construction can facilitate better sharing of important 

information and data, and thus, consequently effective coordination in facility management. 

2-C Removal of language and cultural barriers during implementation of BIM can facilitate Lean Construction through more 

effective coordination in facility management. 

3-B Availability of required and adequate resources can enhance quality of business processes, and thus, lower inefficacies. 

4-A Use of reliable tested technology of Lean Construction can reduce waste, streamline business processes, and thus, provide 

high value for customers. 

5-C Leadership can result into strong human resources and effective coordination in Lean Construction, which in turn can result 

into favorable outcome of higher productivity for facilities management in the industry. 

6-B Principle of kaizen, i.e. continual improvement while applying Lean Construction leads to better facility management 

through improved operations and thus lower inefficiencies. 

7-B Training of staff related to Lean Construction can also reduce inefficiencies by improving skills, knowledge and expertise of 

workforce. 

Table 3(a). Interaction Matrix of BIM functionality and Facilities Management  

 Facilities Management  

Ease 

of data 

transfe

r   

Lates

t 

mode

l 

Organize

d data  

Better 

tracking 

and 

maintenanc

e of assets  

Improved 

space 

managemen

t  

Historical 

trends for 

maintenanc

e and 

service 

history  

Environment

al impacts 

and operating 

cost 

Appropriat

e 

maintenanc

e system 

Productivit

y  

BIM functionality  A B C D E F G H I 

BIM skills  1    X       

Communicatio

n  

2 X   X        

Training   3  X         
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Data 

visualization 

4     X      

Digitalization  5        X   

Life cycle of 

facility 

6         X  

Information 

platform  

7      X     

Workflow 

efficiencies  

8       X    

Facilitate data 

accessibility  

9   X        

 

 

 

Table 3(b). Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-D Attainment or improvement of BIM skills can result into better facility management through improved maintenance and 

tracking of assets. 

2-A Communication within the staff, and between management, top authorities and employees (all key stakeholders) can facilitate 

data transfer and sharing. 

2-C Strong communication skills can strengthen facility management through better organizing crucial data. 

3-B Training of employees related to BIM can facilities facility management by making them capable of using latest tools and 

models. 

4-E BIM-based data visualization enhances space management in facilities by integrating real-time data into BIM 

5-H BIM-based Facility Maintenance System helps the maintenance staff members in terms of accessing and examining 3D-BIM 

models, so that maintenance records can be updated digitally in the construction facility. 

6-I The use of advanced BIM technology for facility management not only enhances the effectiveness of building lifecycle, but 

also leads to higher productivity. 

7-F BIM information platform helps in maintenance of the facility by allowing the maintenance team to use prior maintenance 

operations for tracking the history of the building element and relevant factors, in addition to learning from past experiences. 
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8-G BIM enhances workflow efficiencies by (i) Environmental Impact Assessment (EIA) that gives the environmental impact 

score for making effective decisions in the design stage, and (ii) reduces operating costs by extending the use of information 

modelling in the construction facility. 

9-C BIM offers various opportunities and helps Facilities Management practices based on its analysis, visualization and 

controlling functions, which in turn fulfills information requirements of Facilities Management activities. 

 

  
 
Table 4(a). Interaction Matrix of BIM + Lean Construction versus Facilities Management  

 Facilities Management  

Organisatio

n 

continuous 

improveme

nt   

Virtual 

managemen

t use 

Alternative 

constructio

n plans  

Collaboratio

n in design 

and 

construction  

Information 

maintenanc

e and 

model 

integrity  

Lean 

Maintenanc

e 

Managemen

t  

Optimized 

build 

environmen

t 

Operations 

and 

Maintenanc

e decisions 

BIM + Lean 

Construction  

A B C D E F G H 

Implementatio

n costs  

1   X      

Government 

incentives 

2   X       

Employee 

skills  

3 X         

BIM standards  4     X      

Organisational 

infrastructure 

5  X        

Even risk 

sharing  

6 X         

Training and 

education 

7     X     
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Adaptation to 

change  

8 X         

Lean accurate 

information 

9      X    

Information 

and 

knowledge of 

building 

operations 

1

0 

       X  

Information 

and 

knowledge of 

building 

maintenance  

1

1 

      X   

 

 

Table 4(b). Strategic Interaction Matrix that explains contents of cells 

Index Explanation 

1-C Lower and better controlled implementation costs related to BIM and Lean Construction functions can result in more savings, 

which facilities can use to design and manage alternative construction plans. 

2-C Government funds and incentives for BIM and Lean Construction processes can also facilitate facility management through 

designing and management of alternative construction plans. 

3-A Employees skills of BIM and Lean Construction can improve construction facilities’ processes and functions continuously.  

4-D Collaboration in BIM design and construction along with latest BIM standards can result into favorable outcomes for facilities 

management in the industry. 

5-B Organisational infrastructure can be designed, improved and adjusted for running virtual management successfully within 

facilities. 

6-A Even sharing of risks by all departments in the facility can also successfully implement Kaizen principle in the industry. 

7-E Training and education of employees regarding BIM and Lean Construction can help in ensuring model integrity and better 

maintaining information, as a result of which misinformation can be avoided and there can be no unnecessary work for staff. 
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8-A Adaptation of organisations to changes in Lean Construction and BIM ensures continual improvement in construction 

facilities.  

9-F Accurate and complete lean information and data facilitate Lean Maintenance Management by proactively maintaining 

operations that are used in planning and scheduling maintenance activities throughout a construction facility. 

10-H Capturing and using information and knowledge of building operations help in making effective operations and maintenance 

decisions, and thus, avoiding high costs.  

11-G Information and knowledge of building maintenance activities results into effective planning, better performance, and reduced 

risks, thereby resulting into an optimized built environment.  

  

 

Table 5(a) Implementation Interaction Matrix of BIM functionality and Lean Construction principles for Facilities Management  

 Lean Construction Operations and Maintenance Principles  

Lean facilities 

operations and 

management 

planning  

Waste 

reduction 

Financial 

Transparency  

Leadership 

and 

capability 

of owners  

Continuous 

improvement 

(kaizen) 

Training 

and 

Education 

for 

employees  

BIM functionality  A B C D E F 

Organisation continuous improvement  1 X       

Collaboration in Design and 

Construction 

2      X   

Information maintenance and model 

integrity  

3 X      

Organisation structure to support BIM 

system  

4      X   

Competent technical support 5 X      X  

BIM Training 6     X  X  

Minimal cultural and language barriers 7     X   X  

Professional BIM design team 8  X      

Top Management Support  9 X  X X   X  
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Table 5(b). Implementation Interaction Matrix that explains contents of cells 

Index Explanation 

1-A Principle of kaizen, i.e. continual improvement while integrating lean operations and maintenance throughout the facility 

lifecycle of a building aids in getting desired outcomes. 

3-A Model integrity along with better maintenance of information can help in better lean operations and maintenance planning, 

which would deliver on-time, on-budget, and on-demand projects.  

5-A Competent technical support improves implementation of lean processes while operations and maintenance planning. 

9-A Top management support during lean facilities operations and management planning helps in terms of effective execution of 

lean processes, accessibility to required resources, and setting performance metrics and KPIs for monitoring success. 

8-B Professional BIM design team within the industry helps in waste reduction up to the desired extent. 

9-C Supportive top management in financial matters helps in meeting the set budget, reducing costs, and thus, maintaining a 

transparency with all key stakeholders for gaining their trust and loyalty.  

7-D Minimal cultural and language barriers during BIM application can strengthen leadership in Lean Construction, which can 

lead to better training and guidance of key personnel for facility management. 

9-D Top management support by capable leaders and owners in terms of appropriate choice of leadership style helps in better lean 

operations and maintenance planning and execution. 

4-E Supportive organisational structure for BIM can help in seeking continual improvement, i.e. Kaizen which is the main 

principle of Lean Construction. 

2-E Collaboration in BIM design and construction can speed up the continuous improvement process in construction companies. 

6-E Provision of BIM training allows staff to better execute methods and job roles which are relative to Lean Construction in 

construction companies. 

7-F Minimal cultural and language barriers allow trainers and leaders to better guide and lead subordinates and trainees.  

5-F Competent technical support for BIM along with training for employee development regarding Lean Construction can 

produce the required manpower for successful Facilities Management. 

6-F BIM training along with employee education and development training can enhance skills, professional personality, expertise 

and knowledge of staff, so they can perform better throughout the facility life-cycle management. 

9-F Top management support in terms of their ongoing training and education is important for development of lean operations and 

maintenance employees. This in turn allows them to interact with the key stakeholders effectively.  

 




