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ABSTRACT

Building Information Modelling (BIM) has received greater attention from Malaysian
construction industry players since it was introduced in 2007. Although significant
support from the government to enhance BIM implementation, the implementation of
BIM in private and public construction sectors is still poor. BIM CIDB Report 2016-
2019 identified the lack of direction of BIM implementation cause as a challenge in
delaying the Malaysian construction industry’s target to achieve Level 2. Preliminary
interviews with two BIM experts in Malaysia found that the government and CIDB
tend to achieve the target by continuously monitoring and evaluating BIM
implementation. However, there are limited studies on BIM performance in the
Malaysian construction industry. Most BIM implementation studies were based only
on the benefits, challenges, awareness and readiness of BIM. There are remaining
uncertainties regarding the actual performance of the organisations that implement
BIM due to the lack of evaluation models that can evaluate BIM performance in
Malaysia. Therefore, this study aims to develop a performance model for BIM
implementation in the Malaysian construction industry. This study employed a
qualitative study consisting of two data collection phases. Semi-structured and
structured interview (using the AHP technique) sessions were conducted with BIM
experts around Peninsular Malaysia during the data collection period. Semi-structured
interview findings identified five main metrics and twenty-nine sub-metrics of BIM
performance metrics. In addition, the structured interviews (AHP) findings have
categorised the BIM performance metrics based on importance level. The value of
consensus also exceeds 50%, which confirms that the agreement on the value of metric
weights among the experts is acceptable. The validation results showed that BIM
experts agreed that the developed BIM performance model was suitable and
acceptable for the Malaysian construction industry. In conclusion, the proposed and
developed BIM performance model would benefit practitioners, especially the PWD
and CIDB, to evaluate the performance of BIM organisations in the Malaysian

construction industry.



ABSTRAK

Building Information Modelling (BIM) telah mendapat banyak perhatian daripada
pemain industri pembinaan Malaysia sejak ia diperkenalkan pada 2007. Walaupun
sokongan besar daripada kerajaan untuk meningkatkan pelaksanaan BIM, pelaksanaan
BIM dalam sektor pembinaan swasta dan awam masih lemah. Laporan BIM CIDB
2016-2019 mengenalpasti kekurangan hala tuju punca pelaksanaan BIM sebagai
cabaran dalam melambatkan sasaran industri pembinaan Malaysia untuk mencapai
Tahap 2. Temu bual awal bersama dua pakar BIM di Malaysia mendapati kerajaan
dan CIDB cenderung untuk mencapai sasaran dengan memantau dan menilai
pelaksanaan BIM secara berterusan. Walau bagaimanapun, kajian mengenai prestasi
BIM dalam industri pembinaan Malaysia sangat terhad. Kebanyakan kajian
pelaksanaan BIM hanya berdasarkan kepada faedah, cabaran, kesedaran dan
kesediaan BIM. Masih terdapat ketidakpastian berhubung prestasi sebenar organisasi
yang melaksanakan BIM kerana kekurangan model penilaian yang boleh menilai
prestasi BIM di Malaysia. Oleh itu, kajian ini bertujuan untuk membangunkan model
prestasi pelaksanaan BIM dalam industri pembinaan Malaysia. Kajian ini
menggunakan kajian kualitatif yang terdiri daripada dua fasa pengumpulan data. Sesi
temu bual separa berstruktur dan berstruktur (menggunakan teknik AHP) telah
dijalankan bersama pakar-pakar BIM di sekitar Semenanjung Malaysia. Penemuan
temu bual separa berstruktur mengenalpasti lima metrik utama dan dua puluh sembilan
sub-metrik metrik prestasi BIM. Selain itu, dapatan temu bual berstruktur (AHP) telah
mengkategorikan metrik prestasi BIM berdasarkan tahap kepentingan. Nilai
consensus juga melebihi 50%, yang mengesahkan bahawa persetujuan mengenai nilai
pemberat metrik di kalangan pakar boleh diterima. Keputusan pengesahan
menunjukkan bahawa pakar BIM bersetuju bahawa model prestasi BIM yang
dibangunkan adalah sesuai dan boleh diterima untuk industri pembinaan Malaysia.
Kesimpulannya, model prestasi BIM yang dicadangkan dan dibangunkan akan
memberi manfaat kepada pengamal, terutamanya JKR dan CIDB, untuk menilai

prestasi organisasi BIM dalam industri pembinaan Malaysia.
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CHAPTER1

INTRODUCTION

1.1 Research Background

In the construction field, the implementation of BIM is increasing worldwide, which
allows the construction industry's evolution to be significantly influenced.
Implementing BIM is considered vital as it has a wide range of benefits in construction
projects, which helps to expand productivity across the stakeholders (Roger et al.,
2015). BIM was first introduced to the Malaysian construction industry in 2007 by the
Public Works Department (PWD) (Latiffi et al., 2013). Since then, Malaysian
construction industry has been trying to enhance their construction performance
through the introduction of BIM (Othman et al., 2020). The studies conducted by
Zahrizan et al. (2013) and Enegbuma et al. (2014) stated that the BIM implementation
level in the Malaysian construction industry is still low.

To enhance BIM implementation in Malaysia, the Ministry of Works (KKR)
and its agency, the Construction Industry Development Board (CIDB) Malaysia, have
worked together to boost the construction industry's productivity in Malaysia. BIM is
highlighted as one of the technologies under Productivity Thrust in the Construction
Industry Transformation Programme (CITP) 2016-2020; BIM acts as a platform to
allow various stakeholders to collaborate in the planning, design, and construction of

buildings using 3D models (CIDB, 2016). The CITP showed there are several KPIs



that have been listed under the Technology Focus Area. For example, to implement
BIM at least 40% of Level 2 in 2020 for 100% of public building projects above RM
100 million (for JKR building projects) and 70% of private and public building
projects above RM 10 million will adopt BIM by Jan 2021 (CIDB, 2019). Hence, the
CIDB and its subsidiaries have made efforts to promote BIM by carrying out various
BIM-related programs such as BIM Day, BIM Road tours, incentives, seminars,
workshops, and others to empower the usage of BIM in the Malaysian construction
industry. MyBIM (2020) reported that the Malaysian Ministry, through the Strategic
Plan 2021-2025 of the Public Works Department (PWD), has scheduled the
mechanism's implementation to hit 50 % by 2021 and 80 % by 2025.

Although significant support from the government to enhance BIM
implementation, the implementation of BIM in private and public construction sectors
is still poor (Hasni et al., 2019; Othman et al., 2021). BIM CIDB Report 2016-2019
identified the lack of direction of BIM implementation cause as a challenge in delaying
the Malaysian construction industry’s target to achieve Level 2. Hence, the
government and CIDB tend to achieve the target by continuous monitoring and
evaluation of BIM implementation. To measure the -effectiveness of BIM
implementation, an in-depth understanding of current BIM performance in an
organisation is vital. It can enable the government and CIDB to improve future
strategies supporting BIM implementation in the Malaysian construction industry.

The majority of the BIM implementation studies were only based on the
benefits, challenges, awareness and readiness of BIM (Arif ef al. (2021); Othman et
al. (2021); Al-Ashmori et al. (2020); Kong et al. (2020); Roslan et al. (2019); Musa
et al. (2018). However, there is a minimal study on BIM performance undertaken by
the Malaysian construction industry due to the lack of knowledge in BIM performance
evaluation. Malaysian BIM practitioners have difficulties understanding their BIM
performance. Therefore, this study recommended that the BIM performance
evaluation increase the BIM implementation level in Malaysia. The BIM performance
should be evaluated rather than only promoting the advantages and the implementation
benefits. It is essential to develop a BIM performance model to ensure that the best
practice of BIM in Malaysia may be identified and expanded. Organisations can better
understand what they can do or should change to improve their ability to perform in
BIM implementation (Succar, 2013). As the management literature states, if you

cannot measure something, then you cannot control, manage, and improve it (Garvin,



1993; Martin et al., 2009). Therefore, this study identified the critical components of
BIM performance evaluation. In addition, the study also proposed a model as a

fundamental to evaluate BIM performance in the Malaysian construction industry.

1.2 Research Problem

This study identified 13 BIM performance models that were developed to evaluate
BIM performance around the world (McCuen & Suermann, 2007; Bew & Richard,
2008; Indiana University, 2009; Succar, 2009; Sebastian & Van Berlo, 2010; CPlIc,
2011; Kam et al., 2013; Strategic Building Innovation, 2013; CICRP, 2013; Du et a!.,
2014; Giel & Issa, 2013; Liang et al., 2016; Yilmaz et al., 2019). Even though there
are several existing models from other countries have been developed to evaluate BIM
performance, there are no standard forms (models) of BIM performance evaluation in
Malaysia. The models cannot be adopted in Malaysia due to various technologies,
expertise and the different levels of BIM implementation (Mansson et al., 2016; Al-
Ashmori et al., 2019). An expanded BIM performance model for the Malaysian
construction industry can be developed based on the models' essential components of
the models; BIM performance evaluation scope, performance metrics and performance
level classification. Yilmaz et al. (2019) summarised that the essential components of
developing a BIM performance model are the scope and purpose, selection and
classification of metrics, overall score, and performance levels. According to Succar
(2013), BIM performance can be evaluated based on individual, organisation, and
project performance. As a result of the preliminary interview with the BIM experts in
the Malaysian construction industry, this study focused on developing a model to
evaluate BIM performance in an organisation. Evaluating individual and project
performance was challenging, given that a limited project used the BIM process from
pre-construction until post-construction. Most of the projects employed the BIM
process solely during the design stage. Additionally, there is limited skilled individual
in the Malaysian construction industry.

After deciding the BIM performance evaluation scope, it is essential to identify
relevant metrics based on the Malaysian construction industry context. However, there

is a lack of appropriate metrics to evaluate BIM performance due to limited studies on



BIM performance in Malaysia (Hasan Z., personal communication, February 25,
2018). The problem implied that Malaysia's organisation could not achieve level 2 of
BIM implementation because they could not track the critical metrics that led them to
success. The BIM performance metrics are critical in learning about the organisation's
internal system and resource capability. Liang et al. (2016) suggest including three
main metrics (process, policy and technology) and twenty-one sub-metrics in
developing a multifunctional BIM performance model. Yilmaz (2017) encouraged an
organisation to evaluate BIM performance based on five main metrics; people,
process, organisation, policy, and technology. This study starts by exploring and
identifying the issues in Malaysia to create effective performance metrics for BIM
evaluation. The preliminary interviews showed five metrics to evaluate BIM
performance: Organisation, Process, Policy, Technology, and People. Since BIM
performance is still new in the Malaysian construction industry, this study expanded
and identified BIM performance metrics based on the findings of the preliminary
interview. In addition, the development of BIM performance metrics should be
adapted to various organisations, especially Architecture, Engineering, and
Construction (AEC). A good performance metric is designed to monitor the different
types of organisation and whether it is on track to achieve their goals (Eckerson, 2010).

Once the performance metrics for the evaluation are selected, the performance
metrics need weightage to prioritise which metric is essential and greatly impacts the
BIM implementation (Hamid M.F., personal communication, November 9, 2018). The
accuracy of the evaluation depends on the ‘weight’ applied to the performance metrics.
A problem in the performance evaluation process is that the evaluation participant may
score very much on the less critical performance metrics and poorly on essential
metrics. This problem signifies that each performance metric should have a different
value depending on its relative importance in the BIM implementation. It is the process
of ‘weighting’ selection performance metrics to reflect their relative value.
Unfortunately, most weighting decisions tend to be a matter of guesswork, which
ultimately detracts from the accuracy of the evaluation. According to Zardari et al.
(2015), Multi-Criteria Decision Making (MCDM) may be the best solution to provide
decision-makers with a tool to enable them to weigh the criteria. The AHP method is
a well-known MCDM technique for applying weighting systems in various scopes. It
is an efficient technique for determining the weighting structure for construction

appraisal programs in various nations (Chang et al., 2007; Ali & Al Nsairat, 2009;



Londofo-Pineda et al., 2021). In the case of BIM, studies have been carried out using
AHP as a tool to obtain a weighting system (Cao & Zheng, 2014; Chen & Li, 2015;
Liang et al., 2019). Since the BIM performance evaluation is new to the BIM
practitioners in Malaysia, it is essential to derive the metrics weights from the top-
level BIM practitioner’s judgment on the metric. The subjective judgement method is
to determine weights solely according to the preferences of BIM practitioners (level
of knowledge and experience in BIM). This study proposed a subjective judgment
method called the Analytical Hierarchy Process (AHP) technique to assign the weight
of each BIM performance metric for the Malaysian construction industry. The AHP
technique is the appropriate mathematical method for prioritising and quantifying
verbal judgement based on the decision maker’s experiences and intuitions into

numbers (De Felice et al., 2015).

1.3 Research Question

i.  What metrics are used to evaluate the organisation’s BIM performance in the
Malaysian construction industry?

ii.  How to assign BIM performance metrics weightage for the organisation in the
Malaysian construction industry?

iii. How to develop a BIM performance model for the organisation in the
Malaysian construction industry?

iv. How to validate the BIM performance model for the organisation in the

Malaysian construction industry?

1.4  Research Objectives

1. To identify the metrics for evaluating the organisation’s BIM performance in the
Malaysian construction industry.
ii.  To assign importance weightings for each BIM performance metrics in the

Malaysian construction industry.



iii. To develop a BIM performance model for the organisation in the Malaysian
construction industry.
iv.  To validate the BIM performance model for the organisation in the Malaysian

construction industry.

1.5  Research Significance

This study would lead to a broader and in-depth understanding of Building Information
Modelling (BIM) performance for the organisation in the Malaysian construction
industry. It discusses the significance of the BIM performance model to academia and

industry.

1.5.1 Significance to Academia

This study will unveil why the Malaysian construction industry cannot evaluate BIM
performance. Hence, this study will further add to the literature by identifying the
components of developing a BIM performance model. In addition, this study identified
the metrics used to evaluate BIM performance, which would contribute to academia

by developing the model for the Malaysian construction industry.

1.5.2 Significance to the Construction Industry

This study could assist Malaysian BIM organisations in understanding how the
evaluation could increase the organisation's ability to perform in BIM. This study can
offer a clear picture of how a BIM organisation in the construction industry could
perform the performance evaluation. This study aims to develop a performance model

to improve the BIM implementation in the construction industry. Notably, developing



a model is vital as it could be used as a reference and grounded to evaluate BIM
performance in the Malaysian construction industry. The information established from
the research findings could benefit the BIM organisations in evaluating their
performance. With the application of this model, BIM organisation in the Malaysian
construction industry could increase their competitiveness and fulfil the organisation's

mission and vision.

1.6  Research Scope

The research scope and respondents for the study will revolve around BIM
implementation in the Malaysian construction industry, specifically Peninsular
Malaysia. According to CIDB (2019), many implementors are located in the central
region, consisting of five states: Kuala Lumpur, Putrajaya, Selangor, Malacca, and
Negeri Sembilan. This result is contributed to the rapid development and large-scale
BIM projects in this region compared to East Malaysia.

The respondent of the study is restricted to top-level management in an
organisation. The selection of the respondents was based on purposive sampling with
predetermined criteria, such as the respondents’ position in the organisation and years
of BIM experience. The respondents in this study were targeted to be from the public
and private sectors, including clients/developers, consultants, and contractors. CIDB
(2019) stated that clients/developers are the top BIM implementors in Malaysia,
followed by consultants (Architects, Engineers, Quantity Surveyors) and Contractors.
The respondents are selected because they have the power to be involved in BIM
implementation in the whole construction stages (pre-construction, construction, post-
construction).

The second criteria are that the respondents must be experienced in BIM
implementation for more than three years. Respondents with more than three years of
experience will provide more details and information about the BIM implementation.
The percentage of BIM practitioners with working experience of 0-5 years in Malaysia
improved in three years (CIDB, 2019).

In addition, the BIM roles in the organisation are also included in selecting the

respondents. The most important roles are BIM Manager, the BIM Coordinator and



the BIM Modeler (Borrman et al., 2018). The roles were categorised as BIM experts
who had specific knowledge and responsibilities. Each contributes to the BIM process
with their know-how, skills and competencies on processes, technologies, team
members, and standards/procedures.

This study employed a qualitative study as a research method. The qualitative
study was applied to collect data for this study, mainly through two phases of

interviews; semi-structured and structured interviews (AHP technique).

1.7  Research Methodology

This section highlights the method adopted to achieve the research objectives. The
research methodology consists of five main stages. The next sections illustrate the
adopted research methods, followed by Chapter 3 that thoroughly illustrates the

selected research methods and the justification for the selection.

Stage 1: Identification of Research Area

The study area was identified by collecting information on BIM in the Malaysian
construction industry through a literature review and preliminary interviews. The
literature review was based on academic and industry literature, which included books,
refereed journals, conference proceedings, and online searches on the websites within
the research area. The literature review also assisted in formulating the research
questions and objectives, structuring the research design and methodology, and
selecting the research instruments for a more efficient data collection and analysis. In
addition, preliminary interviews were conducted with two BIM experts in Malaysia to
explore the current BIM issues in the Malaysian construction industry. At the end of
the stage, a conceptual model was developed based on the literature review and
preliminary interview findings. The conceptual model included five main metrics and

twenty-nine sub-metrics of the BIM performance metrics.



Stage 2: Objective 1 (Semi-structured Interview)

Stage 2 adopted a qualitative study (semi-structured interview) to achieve the study’s
first objective. The objective of the semi-structured interviews was to identify and
establish the BIM performance metrics for the organisation in the Malaysian
construction industry. A set of open-ended interview questions were developed based
on the literature review and preliminary interviews. The study used purposive
sampling to select the respondents who fit the study’s criteria. There are three main
criteria for the respondent selection for the study; the type of organisation, the
respondent’s position in the organisation and years of BIM experience. Before
conducting the interview, the study contacted the respondents by WhatsApp to verify
the classification of the respondent’s background; then emailed the letter of consent
(Appendix E) to inform the respondent about the study area and to seek their
permission for the interview session. Stage 2 findings identified five main metrics and
twenty-nine sub-metrics of the BIM performance metrics relevant to the Malaysian
construction industry. Besides, the findings were also used to develop variables for

AHP survey questions in the next stage (Stage 3)

Stage 3: Objective 2 (Structured Interview — AHP)

Stage 3 also adopted a qualitative study to achieve Objective 2. This stage performed
structured interviews to assign weightage to the BIM performance metrics. The closed-
ended questions (AHP survey) were developed based on the findings from the semi-
structured interview. This stage also employed purposive sampling to select
respondents. Following that, the findings from Stage 3 contributed to the modification

of the conceptual model.

Stage 4: Objective 3 (Model Development)

Stage 4 included the development of the BIM performance evaluation model based on
the literature review, preliminary interview, semi-structured interview and structured
interview findings. The BIM performance model was developed for the organisation

in the Malaysian construction industry.
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