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Abstract

BIM is introduced to support the fourth Industrial Revolution 4.0 (IR4.0) in the construction industry.
Through BIM, the construction information is stored, supplied, and received in one single respiratory
system which enables the BIM-based project team to interact and collaborate in real-time throughout the
project life cycle. Nevertheless, the BIM adoption performance among contractors is relatively low for
their projects. One of the reasons is that there is a lack of overarching key elements identified from the
previous study of BIM assessment models. The objective of this study is fo identify the key elements of
BIM used for BIM-based projects adopted from various BIM assessment models. A systematic literature
review from various BIM assessment models in the United States, United Kingdom, Netherland,
Australia, China, South Korea, and Malaysia was conducted. The findings revealed that four (4) key
elements to be considered. These are BIM objectives, BIM uses, BIM adoption components, and project
performance criteria. The deliberated key elements cover the assessment of BIM-based projects’
performance (i.e., time, cost, quality, and safety) across construction project phases. Hence, the outcomes
of this paper could help BIM stakeholders in particular contractors to comprehend various key elements
for BIM-based projects in Malaysia.

Keywords: Building Information Modeling (BIM); Key elements; Contractor; BIM Models.

1.0 Introduction

The construction industry has been moving towards Industrial Revolution 4.0 which has transformed
the construction industry into a competitive digital ecosystem. Better relevant information, improved
collaboration among construction stakeholders (i.e., consultants, contractors, and subcontractors), and
enhanced project delivery are key elements in the digitization of the industry (Merschbrock &
Munkvold, 2015). As such, Building Information Modelling (BIM) is a vital solution for the
construction industry to approach the Fourth Industrial Revolution (4.0) agenda. BIM is defined as the
development and use of a computer software model to simulate the construction and operation of a
facility. As a result, BIM is rich in information, object-oriented, intelligent, and parametric digital
representation and able to help users to make fast decisions (Erntrom et al., 2006). BIM also facilitates
contractors in performing their daily works, improving visualisation, increasing transparency in the
construction process, reducing change orders and rework; and improving coordination with contractors
and manufacturers at the early stage in BIM-based projects.

Likewise, BIM is a parametric tool to achieve better integration among project stakeholders to
reduce conflicts (Azhar et al., 2012; Shapiai, 2015). Furthermore, BIM with the processing and
integrated tools of the project data can reshape the way of the construction team to work together to
achieve the ultimate project outcome (i.e., time, cost, quality, and safety) (Hadzaman et al., 2015: John,
2018). Despite the numerous benefits of BIM, the adoption of BIM among contractors has been
reported to be low compared to other stakeholders (CIDB, 2016). It was reported that the adoption rate
for BIM is 13% by contractors, 42% by architects, and 21% by engineers (Idrus & Bahar, 2018).
Numerous studies on BIM Maturity/ BIM Capabilities/BIM performance evaluation models were
carried out to assess the team’s performance and yet overarching BIM assessment models are still
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continuously debated. Lack of key elements from existing studies of BIM assessment models revealed
that contractors were unable to meet projects’ performance criteria (i.e., time, cost, quality, and safety).
As a result, contractors obtained less benefit from the BIM-based projects. Hence, this paper attempts
to review the existing BIM Assessment models from various countries (i.e., the United States, United
Kingdom, Netherland, Australia, China, South Korea, and Malaysia) to capture the key elements for
BIM-based projects.

2.0 Worldwide BIM Overview

The United States General Serviced Administration (GSA) initiated BIM for US public projects by
utilising visualisation, coordination, and simulation of the 3D model up to 4D model since 2007 (Harun
et al., 2016). In the United Kingdom, BIM is introduced to reduce the cost of public sector assets cost,
carbon footprint and improve construction information management (Hamma-adama & Kouider,
2019). Since then, various initiatives from The UK Government’s Construction Strategy, the British
Standards Institute (BSI), and The Architectural, Engineering, and Construction (AEC) (UK) Standards
committee have been established to support the development of BIM in the UK. Apart from that, The
Scandinavian Region countries (i.e., Norway, Denmark, and Finland) implement BIM for both public
and private projects and strengthen research and development with regards to BIM. In Australia, the
Australian government under NATSPEC Construction Information has been implementing various
strategies to support the adoption of BIM (i.e., document to project implementation, choice of tools,
object properties, and standard, and National Building Guide, 2011) (Mcauley et al., 2017).

Following thereon, Asian countries (i.e., Singapore, Hong Kong, and Malaysia) began formulating
various strategies in BIM adoption. For instance, The Construction and Real Estate Network
(CORENET) in Singapore have provided the necessary BIM tool for the exchange of information
among all parties in BIM-based projects (Teo & Fatt, 2006). One of the strategies adopted is the e-Plan
Check System based on Industry Foundation Classes (IFC). Other strategies are pilot projects,
seminars, training grants, and collaboration with government agencies and developers. According to
Fung (2013), in Hong Kong, the Committee on Environment and Technology of the Construction
Industry Council (CIC) highlighted several strategic BIM implementation initiatives. These are
collaboration, incentive and proven benefit, standard and common practice, legal and insurance,
information sharing and hard over, promotion and education, risks assessment, and globally
competitive. In Malaysia, the adoption of BIM was initiated by The Malaysian Public Work and
Department (PWD) in 2007 and successfully adopted BIM in their first project (i.e., National Cancer
Institute). Since then, various bodies (i.e., the Public Works Department (PWD), the Construction
Industry Development Board (CIDB), the Royal Institute of Surveyors Malaysia (RICS), the
Multimedia Super Corridor (MSC), the Prima Corporation Malaysia (PRIMA), and the Construction
Institute of Malaysia (CREAM) involved in the development of BIM for their current project (Brahim,
2018). The roles of these agencies are to provide a BIM roadmap, establish a BIM committee, Research
and Development (R&D), and BIM seminars and conferences. These indicated that those agencies
accepted BIM as the new technology and now developed it as a main agenda in the construction
industry which is in line with Fourth Industrial Revolution 4.0 (IR4.0) through Construction 4.0 (2021-
2025).

3.0 Methodology

In this study, a systematic literature review was comprehensively conducted. It reviewed BIM
Assessment models at different levels (i.e., individual, organisation, and projects) from various
countries such as the United States, United Kingdom, Netherland, Australia, China, South Korea, and
Malaysia. The variables extracted from the models were recorded and, analysed using the content
analysis method. For this study, thematic content analysis is one of the most common forms of analysis
within qualitative research that could reveal the findings.
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4.0 Synthesis of BIM Assessment Models

Table 1 shows the twelve (12) BIM assessments models from three main databases: Web of Science;
Scopus and Science Direct. There are four (4) models from the United States, followed by two (2)
models from the United Kingdom and Netherland respectively. Whilst, Australia, South Korea, China,
and Malaysia have developed one (1) model each. Various key elements, strengths, and limitations for
each model are presented.

Table 1. Key elements for BIM-based projects adopted from various BIM assessment models

No BIM Assessment Stakeholders  Key Elements Strengths Limitations
models/tools
(Years/Countries)
1 NBIMS-CMM Individuals &  Information e Simpler and easier to e Inconsistency of the
(2007/ United organisations  Management understand maturity scores
States) e Limited to a single scope
o Lack of user descriptions
2 Virtual, Design & Projects Planning (BIM e Test for 108 pilot e Complicated evaluation
Construction objective), studies o Lack of user descriptions,
(VDC) Scoreboard Technology, e Applicable for all the BIM Uses, and information
(2009/ United Organisation & project phases management
States) Project
Performance
3 The Organisations ~ Technology, e Covered multiple o Costly and time constraint
Organisational Organisation, aspects of assessment @ Limited explanation of
BIM Assessment Information ® A clear description of Rubric Matrix
Profile Management & measured items e Lack on items of project
(2010/ United BIM objective, performances
States) BIM Uses
4 BIM Maturity Projects Technology, e Extensive quantitative e Lack on items of project
Model Organisation & data and analysis performance criteria
(2016/ United Information o Establish the e Theoretical studies
States) Management relationship among the e Lack of user guideline
factors
5  BIM Maturity Industries & Information e Extensive data e Limited to a single scope
Level Organisations ~Management management e Lack of user descriptions
(2008/ United o Specified in the UK only
Kingdom)
6  BIM Maturity Projects Technology, e Extensive validation o Oriented to a single
Measures Organisation & with 213 case study organisation.
(2016/ United Information projects
Kingdom) Management
7 BIM Quick Scan Organisations ~ Technology, o Two methods of o Insufficient documents &
Model Organisation & assessment: self & rough questions
(2010/Netherland) Information certified scan o Lack of user guideline
Management e Test for 130 o Costly
organisations
8  BIM Maturity Organisations ~ Technology, e Provides a testing tool @ Lack on items of project
Model Organisation & from various sector performance criteria
(2018/ Netherland) Information e Lack of user guideline
Management
9  BIM Maturity Individuals &  Technology, e Multiple aspect of e Unrecognized
Matrix (BIM?) Organisations ~ Organisation & assessment. e Complicated evaluation
(2010/Australia) Environment e Various stages of o Lack of user guideline
assessment o Costly and time constraint
o Clear steps in
operating the model
10 SLAM-BIM Projects BIM objective, o KPI as the project goal e Limited data of ROI, change
(2014/South BIM uses & e Using a quantitative orders & projects schedule
Korea) Project measurement
Performance performance
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11 Multifunctional Projects, Technology, o Easy-to-use o Lack of user guideline
BIM Maturity Organisations ~ Organisation & presentation Lack on items of project
Model (2016/ &lIndustries Information ® A clear view of performance criteria
China) Management domains and sub-

domain of the study

12 BIM Maturity Projects Organisation e Provides strategies to e Limited of assessment
Level for Design move one level to details
Stage another level e Focus on the project design
(2015/Malaysia) team

4.1 Key Elements for BIM-Based Projects

Four (4) key elements for BIM-based projects were identified from various BIM assessment models.
These are BIM objective, BIM uses, BIM adoption components (i.e., technology, organisation,
environment, and information management), and project performance criteria. In the United States,
four (4) BIM Models were reviewed. The first model is the National Building Information Modeling
Standard Capability Maturity Model (NBIMS-CMM) (2007), followed by the Virtual, Design &
Construction (VDC) Scoreboard (2009), The Organisational BIM Assessment Profile (2010), and BIM
Maturity Model (2016). NBIMS-CMM focuses on BIM information management solely and neglects
other important variables. Whilst, Virtual, Design & Construction (VDC) Scoreboard (2009) and The
Organisational BIM Assessment Profile (2010) highlighted four BIM adoption key elements in terms
of planning, technology, organisation, and project performance. One extra element was added by The
Organisational BIM Assessment Profile (2010) is the BIM Uses which is vital. The strength of NBIMS-
CMM is simpler and easier to understand but the limitation of the model is the inconsistency of the
maturity scores and lack of user’s description. The Virtual, Design & Construction (VDC) Scoreboard
(2009) on the other hand, is applicable for all BIM project phases despite the model being regarded as
complicated to use. For BIM Maturity Model by Chen (2013), the application of Structural Equation
Modelling (SEM) was realised and had highlighted (3) main key elements technology, organisational
(process), and information management for BIM-based projects. The strength of the model is
specifying the relationship between the indicators and the factors through an extensive quantitative data
collection for 925 respondents. One of the limitations of the model is that it is lacking user guidelines.

In the United Kingdom, two (2) BIM models were reviewed. These are BIM Maturity Level (2008)
and BIM Maturity Measures (2016). The BIM Maturity Level was developed by Bew and Richards
and it describes the impact of information management as the BIM key element (Brahim 2018). The
model was used to evaluate the BIM maturity at the industry and organisational levels. Nevertheless,
the model also has limitations in which it focuses on the single scope, lacks user descriptions which
make it difficult for BIM users to comprehend (Succar, 2015; Brahim, 2018). The development of The
BIM Maturity Measure (2016) (BIM_MM) is to improve the BIM capabilities of design and
engineering disciplines. With its emphasis on technology, organisational (people & process), and
information management of BIM key elements. The model was tested on 213 case study projects at the
ARUP organisation in the UK and applied to various projects handled by the ARUP organisation.

In Netherland, once again two (2) BIM models were reviewed to obtain the key elements for BIM-
based projects. The BIM Quickscan model provides an insight into the current BIM performance in
organisations by two (2) methods of assessment, self and certified scan (Sebastian & Van Berlo, 2010;
Van Berlo & Hendriks, 2012; Alaghbandrad & Forgues, 2013). The model emphasised three BIM key
elements (i.e., technology (tools and applications), Organisation (organisation culture &
management), and information management (information structure). In addition, the model applied the
quantitative and qualitative approaches to assessment in over 130 organisations to obtain an extensive
overview of BIM. The model is conducted through field tests (interviews) with the construction players,
qualitative judgments from BIM Consultants, verification through expert panels, and validation by two
(2) pilot studies (Wu et al., 2017). Nevertheless, the model has insufficient documentation of the
measurement items, rough questions, a lack of guidelines for users to operate the tool, and is costly
(Wu et al., 2017). Whilst, the BIM maturity by Siebelink et al., (2018) emphasised on technology,
organisation and information management as the key elements of BIM. The BIM model is applicable
for various disciplines in the construction supply chain (i.e., clients organisations, architectural firms,
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engineering firms, commercial and industrial building contractors, civil contractors, MEP contractors,
and suppliers). However, the model does not consider the specific project performance criteria as the
goal.

In Australia, Building Information Modelling Maturity Matrix (BIM?) by Succar (2010) was
reviewed. The model is used to assist individuals and organisations in planning, assessing, and
achieving BIM performances. Three (3) main key elements were captured (i.e.,, technology;
organisation (process & people), and environment). The model clearly explains the steps in operating
points to obtain a high score for BIM-based projects. However, there are several drawbacks. The model
has been regarded as unrecognised, little-known in the construction industry, and lacks authoritative
endorsements (Succar, 2013; Kam ef al., 2016). Besides, the model is complex, time-consuming, and
costly and could require BIM experts to access the model (Alaghbandrad & Forgues, 2013). The
SLAM-BIM model in South Korea is known as a goal-driven model for project evaluation. The model
emphasises assessment for the maturity level of BIM projects and highlighted 4 key elements for BIM
measurements (i.e., technology, organisations, environment, and information management). The model
can comprehend the data collection techniques and the assessments methods to the users. Nevertheless,
the lacking part of the model is that it is not incorporating business efficacy such as Return on
Investment (ROI), change orders, and schedule delays.

Following thereon, one model termed as Multifunctional BIM maturity Model from China was
reviewed. The model was developed by Liang et al., (2016) that functions to evaluate the BIM maturity
level of individuals in projects, organisations, industries and to integrate into a single, easy-to-use
presentation. It provides a clear view of the relationship between the domains and subdomains of the
BIM maturity level at the project and organisation levels. The key elements captured are BIM
objectives, BIM uses, and project performance. Despite the advantages of the model, it is difficult to
operate the tool, the rubrics for the assessments are highly subjective and limited on the items of project
performance criteria. In Malaysia, the BIM Maturity Level for Design Stage by Mohd (2015) is a
potential model to be pondered. The model aims to help the design team to implement BIM in BIM-
based projects. The model emphasises the key elements of BIM implementation by a project team to
obtain the highest level (5). A five-dimensional building information modelling is the real-time
extraction or development of fully valued parametric building components within a virtual model. The
main key element focused by the model is the organisation. The strength of the model is that it provides
strategies to move from one level to another Nevertheless, the model is limited in its explanation of
the assessment details and guidelines for its use.

Given the above, various key elements (i.e., BIM objectives, BIM uses, BIM adoption components
(i.e., technology, organisation, and environment), and performance criteria (i.e., time, cost, quality, and
safety) were identified and captured from previous assessment models. Besides, the strengths and the
limitations disclosed, the models identify various options in terms of BIM key elements to be adopted
for further development of a BIM framework. Among others, 3 BIM assessment models from the
United States (i.e., NBIMS-CMM (2007); the VDC Scoreboard and The Organisational Building
Information Modelling (BIM) Assessment Profile) and one (1) model from Australia (i.e., the Building
Information Modelling Maturity Matrix (BIM?3) are referred in terms of the comprehensive BIM key
elements listed for BIM-based projects.

5.0 Conclusion

This paper has identified various key elements for BIM-based projects from various BIM assessment
models in Malaysia and across the globe. Unanimously, the BIM models have repeatedly highlighted
BIM objectives, BIM uses, BIM adoption components, and project performance criteria as key elements
for BIM-based projects. The BIM adoption components which consist of technology, organisation, and
information management are regarded as the utmost variables of the key elements listed by the models.
These components are inevitable in BIM-based projects in driving BIM adoption among contractors.
For example, in technology, contractors could utilise BIM software to create models for buildings
across project phases. In an organisation, the top management support is a key dynamic capacity for
the architecture, engineering, and construction (AEC) industry, to influence the BIM adoption for their
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projects. In terms of environment (policy), the decision of BIM adoption is driven by corporate
innovation strategy and government policy pressure. For information management, BIM serves as a
data-sharing platform with effective data management for various stakeholders involved in BIM-based
projects. All these elements are to be implemented in achieving the project performance criteria (i.e.,
time, cost, quality, and safety).

This paper is presented as part of an ongoing PhD research at the Faculty of Architecture, Planning,
and Surveying, UiTM to develop a BIM adoption assessment framework for BIM-based projects. The
results of the study could provide an insight into the BIM-based projects by providing a valuable
guideline, especially related to the development of BIM in Malaysia.
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