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construction industry, there is still confusion within the sector over the interpretation
of the success of BIM deployment in projects. Therefore, this research aims to propose
the conceptual framework for developing BIM Competencies Appraisal for construction
professionals by employing the narrative systematic review based on PRISMA. The
findings reveal that the issues of BIM competencies related to the unawareness of the
current BIM competency level, the lack of knowledgeable workforce among
construction stakeholders, and the absence of a BIM assessment tool in the Malaysian
Keywords: Construction Industry can be resolved via BIM Competency-Based Performance
Building Information Modelling (BIM), Appraisal (BIMCPA) that able to tackle six (6) BIM elements namely people, process,
Architectural, Engineering, Construction,  technology, policy, information, and organization. In the end, it may assist in narrowing
and Operation (AECO), competencies, down the gap in BIM implementation, thus supporting the initiatives of increasing
appraisal) productivity in construction projects through innovative technologies.

1. Introduction

Construction projects feature distinct processes and a complex life cycle [1]. According to
Eastman, Paul, Sacks, and Liston [2], a construction project includes bulk documents. Sharing
fragmented information among project stakeholders frequently results in the following:
misunderstandings in communication, frequent verification and clarification of work progress,
dissatisfaction, loss of trust, and conflicts among them. As a result, the application of revolutionary
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advanced technology in construction has been recognized as a revolutionary innovation in the
worldwide construction sector [3].

Building Information Modelling (BIM) offers numerous benefits in construction projects. BIM
digitally represents a building's physical and functional characteristics, enabling collaboration,
visualization, and data management throughout a project's lifecycle [4, 5]. Various researchers have
highlighted the implementation of BIM, which can improve collaboration and communication,
enhance visualization, clash detection and conflict resolution, efficient project planning and
scheduling, cost estimation and analysis, reduce rework and changes, improve safety planning,
improve safety planning, facility management and maintenance, environmental sustainability,
regulatory compliance, documentation and record-keeping, and better decision-making [6-12].
Incorporating BIM into construction projects has become increasingly common due to these benefits
as it streamlines processes, improves collaboration, and ultimately leads to more efficient and
successful projects [5, 6, 13].

Since the beginning of the twenty-first century, the rise of digitalization has resulted in a
significant increase in the significance of BIM. This can be ascribed to its multiple benefits, such as
reduced costs of failure, increased productivity, and better opportunities for collaboration. [14]. Even
though BIM has the potential to be a valuable tool, its adoption remains limited due to a lack of
organizational familiarity and experience with this technology. [15]. To deploy BIM technologies
effectively, this research proposes a conceptual framework by addressing the theoretical-based
technical constraints to adoption. The narrative systematic review methodology based on PRISMA
has been adopted to develop a conceptual framework for the BIM component for Competency-Based
Performance Appraisal Conceptual Framework for Organisations in the Malaysian Construction
Industry and to highlight relevant BIM criteria. This research has focused on the localized obstacles
in BIM among construction organizations and how those obstacles might be overcome to achieve
national strategic goals through the proposed BIMCPA.

2. Research Methodology

This study employs a systematic review methodology in the inception of the conceptual
framework to identify the BIM issues, potential improvement, the component for BIM competencies-
based performance appraisal, and the Malaysian government’s aspirations specifically on BIM for
organizations. The preferred reporting items for systematic reviews and meta-analyses (PRISMA) are
used in the systematic review, a collection of standards, and a checklist developed to improve the
transparency and reporting quality of systematic reviews and meta-analyses in research. [16-18]. The
adopted PRISMA approach consisted of four-stage processes, including identification, screening,
eligibility, and inclusion, to provide a thorough and credible overview of the research topic [19], as
shown in Figure 1 below.

= |

Building Information Modelling
(BIM) Articles from 2019 - 2023

= |

Fig. 1. The process of systematic review based on PRISMA
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For journal inclusion, two prominent peer-reviewed online databases, Scopus and WOS, were
chosen during the identification step. These databases were selected due to their high-quality journal
selection and the inclusion of Journal Impact Factors, which quantify the Impact of individual papers
[20]. To reduce the scope, the emphasis was given to BIM publications in the construction industry
published in the last five years (2019-2023). The original search revealed many papers, with Scopus
yielding 14,237 and WOS yielding 58,527. The screening stage entailed thoroughly selecting BIM and
competency-related terminology and keywords. The initial pool of publications was screened,
resulting in a reduced number of 211 from Scopus and 325 from WOS.

3. Narrative Systematic Review for The Inception of Bim Competency-Based Performance Appraisal
Conceptual Framework

To formulate the BIMCPA conceptual framework, three (3) main components need to be
identified employing a narrative systematic review, which is BIM in Malaysia towards national
agenda, issues related to BIM competencies specifically on organizations, and BIM competencies
assessing elements for organizations in order to cope with the problems.

3.1 BIM in Malaysia Towards National Agenda

Being a sector that contributes three (3) to five (5) percent to the nation's Gross Development
Product (GDP), the construction industry in Malaysia is essential to the country's economy
(Department of Statistical Malaysia, 2023). As of July 2021, there are a total of 32 public projects that
have implemented BIM, including an acquisition phase project in Malaysia (CIDB, 2021). However,
no record is registered for BIM in private projects [21].

Since the Government has realized the benefits of BIM in projects, the strategies related to BIM
have been formulated and outlined in the country’s development strategies, priorities, and goals for
economic, social, and infrastructure development [22] through three (3) main construction-related
strategic plans as catalyst namely Twelfth Malaysian Plan, Construction 4.0 Strategic Plan, and
National Construction Policy 2030.

In leveraging the digitalization of the Malaysian construction industry, The Twelfth Malaysia Plan
(12MP), also known as the Rancangan Malaysia Ke-12 (RMK-12), is a five-year development plan in
Malaysia [22]. Each plan typically covers a specific five-year period and significantly guides the
country's development initiatives. For BIM, it is highlighted that it will be widely utilized in
government-funded projects' planning, design, construction, and operation phases [22].

National Construction Policy 2030, developed by the Ministry of Works, is a strategic framework
aimed at guiding the development and transformation of the construction industry in Malaysia up to
the year 2030 [23]. BIM is expected to be a significant component of this policy. Malaysia has been
actively promoting the adoption of BIM and digital technologies in the construction sector to improve
efficiency, data sharing, and stakeholder collaboration [23].

Conversely, the Ministry of Works, together with the CIDB through the Construction Research
Institute of Malaysia (CREAM), has developed the Construction 4.0 Strategic Plan (2021-2025) [24].
The strategic plan was developed in collaboration with experts from various disciplines and multiple
stakeholders in the industry [25] (CIDB, 2020). The document has highlighted that BIM is driven by
sustainable construction practices, enabling more efficient use of resources, better energy efficiency,
and improved environmental outcomes for public project sectors [26].
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3.2 Issues Related to Bim Competencies of Organisations in The Malaysian Construction Industry

There are three (3) main issues related to the BIM competencies of organizations in the Malaysian
construction industry have been identified, and the details are as follows:

3.2.1 Unaware of the current BIM competency level

In Malaysia, the Construction Industry Development Board (CIDB) has organized an annual
program to promote BIM among construction professionals to improve their current construction
practices and knowledge [27]. However, there is still an absence of competency-based performance
appraisal to evaluate the level of BIM competencies concerning the BIM awareness program that has
been conducted. Due to that, construction professionals still lack an understanding of the
competency level among construction professionals [28-30]. Brahim supports the statement [31] and
Memon et al. [32], where many construction professionals claim to be BIM experts without
understanding BIM. Therefore, several construction professionals have attempted to become BIM
experts by creating their own version of BIM implementation, thus generating uncertainty about BIM
competencies among other professionals [33].

3.2.2 Lack of knowledgeable BIM workforce among construction stakeholders

The second issue on BIM implementation is related to the lack of proper understanding of BIM
among construction professionals [1, 34-36]. This involved understanding the BIM implementation
process, its benefits, and its challenges, which many researchers emphasized as a crucial aspect of
encouraging the construction industry to adopt it as a new project delivery mechanism [1, 37-39]. As
mentioned by Memon et al. [32], the misunderstanding of BIM as software instead of a process and
the absence of collaboration and coordination concepts are the grounds for the slow and
unsuccessful adoption and implementation of BIM in Malaysian construction industry practices.
Hence, this results in low BIM competencies among construction professionals.

3.2.3 Absence of BIM Competencies Assessment Tool in Malaysian Construction Industry

The third issue related to BIM implementation is related to the BIM competencies assessment
tool [40-42]. BIM competency assessments are increasingly becoming effective ways for construction
organizations to measure their ability to deliver an efficient BIM project [43]. However, until today,
the Malaysian construction industry still needs BIM competencies assessment tools [44] because
there has yet to be an initiative to develop new or adopt and adapt existing assessment tools
developed by researchers such as BIMMI, BIM Scorecard, BIM Quickscan, etc.

Reviewing the current competency level of construction professionals involved in BIM projects is
essential to the abovementioned issues. Even though the previous researcher developed several
assessments/standards, the slow adoption of BIM due to resistance among construction
professionals makes it difficult for authorities to enforce or establish a BIM competency assessment
in line with the current Malaysian construction industry's performance.
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3.3 Elements in Assessing BIM Competencies in Organisations

Based on the narrative systematic review related to BIM competencies appraisal, six (6) BIM
enablers are appraisal components to tackle the abovementioned issues: people, process,
technology, policy, information, and organization. The details are as follows:

3.3.1 People

The "BIM people" typically refer to professionals who work with Building Information Modeling
(BIM) technology and methodologies in the architecture, engineering, construction, and operation
(AECO) industry [45, 46]. These individuals possess various skills and expertise to effectively utilize
BIM software and processes throughout multiple stages of a construction project [45, 46].

3.3.2 Process

A systematic and collaborative approach is used in the architecture, engineering, construction,
and operation (AEC) industry to design, construct, and manage buildings and infrastructure projects
[47, 48]. The BIM process is iterative and involves continuously exchanging data and information
among all stakeholders [49]. The aim is to create a single, centralized source of project data that
improves collaboration, reduces errors, and enhances overall project efficiency from concept to
operation [49]. BIM processes can be tailored to the specific needs of different projects and
industries, such as architecture, engineering, construction, and facility management [50, 51]. The
typical activities involved in the BIM process are as follows:

(a) Conceptualization and Design Phase:

Conceptual Design is where architects and designers use BIM software to create initial
concept models, exploring different design ideas that help to visualize the project's form and
function. [52]. Meanwhile, design development is where the concept models are further
developed into detailed 3D representations, incorporating information about materials,
systems, and components [53].

(b) Analysis and Simulation:

BIM models can be used for various analyses, such as structural analysis, energy performance
analysis, cost estimation, and simulations that help identify issues, assess project feasibility,
and improve design decisions [54, 55]

(c) Collaboration:

BIM encourages collaboration among project stakeholders, including architects, engineers,
contractors, and owners [56]. The shared digital platform allows real-time collaboration and
the exchange of information and updates [56]

(d) Coordination and Clash Detection:

BIM models identify clashes or conflicts among various building systems (e.g., structural,
mechanical, electrical) during the design and pre-construction phases, preventing costly on-
site disputes [57].

(e) Construction Phase:

Contractors and subcontractors leverage the BIM model for on-site construction that feeds
as a reference for construction tasks, aiding precision and efficiency [58]

(f) As-Built Documentation:

BIM models are updated as construction progresses to reflect the as-built conditions that
become a valuable resource for facility management and future renovations [59]
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(g) Facility Management and Operation:
BIM data is used for ongoing facility management, including maintenance, energy efficiency,
and space utilization, as it provides access to vital information about building systems and
components [59]

(h) Renovations and Retrofits:
When renovations or retrofits are required, BIM models assist in the planning and execution
of these projects, where the existing BIM data helps minimize disruptions and ensures
accuracy [59]

(i) Lifecycle Management:
BIM facilitates lifecycle management by providing a comprehensive digital record of a building
or infrastructure asset, which is valuable for future decision-making, cost control, and
sustainability efforts [59].

3.3.3 Technology

A digital process that involves hardware and software in creating and managing intelligent 3D
models to represent the physical and functional characteristics of buildings and infrastructure
projects [60]. BIM technology has revolutionized the AECO industry by improving collaboration,
reducing errors, and enhancing project efficiency. It is a critical tool for modern construction and
building management. The items that related to BIM technologies are:

(a) 3D Modeling:

BIM software allows professionals to create detailed 3D models of buildings and
infrastructure projects that contain information about the project's physical components,
materials, systems, and spatial relationships [60].

(b) Data Integration:

BIM technology integrates various data types into the model, which include geometric data
(shape, size, and location), non-geometric data (specifications, manufacturer details, cost
estimates), and time-related data (schedules and timelines) [60].

(c) Interoperability:

BIM software often supports interoperability, allowing different software applications to
exchange data and collaborate seamlessly, ensuring multiple stakeholders can work together
effectively [61]

(d) Visualization:

BIM provides realistic 3D visualizations and renderings, enabling stakeholders to see and
understand the project before it is built, which can aid in design decisions, client
presentations, and stakeholder communication [62]

(e) Mobile and Cloud Integration:

BIM technology can be accessed and used on mobile devices and often integrates with cloud-
based platforms, enabling remote collaboration and data access [63]

3.3.4 Policy
A set of guidelines, rules, or principles established by a government, organization, or company to
govern the implementation, use, and standards related to BIM within a specific context or jurisdiction

to promote the adoption of BIM and ensure its effective and consistent use in construction and
infrastructure projects [64, 65]
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(a)

Data Ownership and Accessibility:

Policies may address issues related to data ownership and the accessibility of BIM data
beyond project completion. This is crucial for long-term building management and
maintenance [64].

(b) Security and Privacy:

(c)

BIM policies may include provisions to safeguard sensitive project data and address privacy
concerns, especially in public infrastructure projects [64]

Compliance and Enforcement:

Policies often include mechanisms for enforcing BIM requirements and ensuring that projects
adhere to the established standards [66]. BIM policies can be created at various levels,
including national, state, provincial, municipal, or within individual organizations [66]. Their
scope and specifics depend on the goals, needs, and priorities of the entity or jurisdiction that
creates them. BIM policies play a crucial role in standardizing BIM adoption, promoting
consistency, and facilitating the benefits of BIM technology in the construction and building
management sectors [64, 66]

3.3.5 Information

Refers to the data and details in the digital models and databases created during building and
infrastructure projects' design, construction, and operation [67, 68]. BIM models are rich repositories
of information that go beyond 3D representations of physical elements. BIM information is dynamic
and evolves throughout the project's lifecycle [61, 69].

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Geometric Information:

This includes the shape, size, and location of all project components. It forms the basis of the
3D model and allows stakeholders to visualize the physical aspects of the project [70, 71].
Non-Geometric Information

BIM models incorporate non-geometric data related to the components, such as
specifications, manufacturer details, performance data, and construction details, that help
accurately represent real-world objects [71]

Materials and Properties:

Information about the materials used in the project, their properties (e.g., density, strength,
insulation values), and cost data can be stored in the BIM model [71]

Cost and Quantity Data

BIM information can generate quantity take-offs, cost estimates, and budget data that aid
project cost management and procurement [72]

Time and Scheduling

BIM models may include data about project schedules and timelines, which can be used for
construction planning and sequencing[72].

Maintenance and Operations Data:

For facility management, BIM information is used to store data about maintenance schedules,
equipment specifications, and other details relevant to the operational phase of a building
[72].

Spatial Information:

Information about spatial relationships, including room dimensions, clearances, and
accessibility, is crucial for design and space planning [50].

Legal and Regulatory Data:
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BIM models may contain information regarding permits, compliance with building codes, and
other regulatory requirements [72]
(i) Component Attributes:
BIM information includes attributes of individual components, such as doors, windows, walls,
and mechanical systems. This information helps with component selection and specification
[71].
(j) Change Management:
As changes occur throughout the project lifecycle, BIM models are updated to reflect the as-
built conditions. Change management data helps keep the model accurate and current [72].
(k) Communication and Collaboration Data:
BIM information can include communication records, such as comments, markups, and notes
added by various project stakeholders during collaboration [72].

3.3.6 Organization

The entity specializes in implementing, using, and promoting BIM technology and methodologies
within the AECO industry [73]. These organizations play a crucial role in advancing the adoption of
BIM and improving collaboration, efficiency, and quality in construction and facility management
processes [21, 72].

3. Discussion

From the previous narrative, systematic review facilitates the formulation of the BIM conceptual
framework specifically for private construction organizations to streamline with the Government’s
aims. The framework consisted of four (4) main elements: the issues, solutions, BIM Competency-
Based Appraisal, and the results to align with the National Agenda. The first elements, the issues, are
derived from the problem statement identified at the initial stage of this research, which is the
unawareness of the current BIM competency level among construction stakeholders, the lack of
knowledgeable BIM workforce among construction stakeholders, and the absence of BIM
competencies appraisal tool in the Malaysian construction industry. Then, the solution to cope with
the mentioned issues is to develop a mechanism to monitor and evaluate the adoption and impact
of BIM in construction projects, as mentioned in the National Construction Policy 2030 and
Construction 4.0 Strategic Plan.

Therefore, the development of the BIM Competency-Based Performance Appraisal (BIMCPA)
through this research, which consists of six (6) BIM Elements along with potential improvements, will
be formulated to cope with the issues and, at the same time, reflect the Government’s aim to
promote successful BIM in the Malaysian construction industry through three (3) Malaysian National
agenda goals; Twelfth Malaysian Plan, Construction 4.0 Strategic Plan, and National Construction
Policy 2030.
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Fig. 2. Proposed BIM Competencies Appraisal’s Conceptual Framework for Organisations in
Malaysian Construction Industry

4. Conclusions

The conceptual framework aims to assist in developing the proposed BIM Competency-Based

Performance Appraisal by identifying the current competency level of construction professionals in
BIM projects, identifying issues that lead to incompetent stakeholders, and identifying activities to
improve their competence in BIM organizations. Finally, it may reflect the government's goal of
promoting practical BIM in Malaysia's construction industry.
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