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Abstract

The architectural, engineering, and construction (AEC) industry has explored
various methods to lower project costs while improving quality and productivity.
Building Information Modeling (BIM) and Scrum have demonstrated a high
potential in assisting in achieving these objectives. BIM technology is essential
as a technical container for the information model of a building project and as a
new construction strategy that amalgamates other benefits outlined in the existing
literature. This study examined the commonalities between Agile Scrum (AS)
and Building Information Modeling (BIM) and explored the possibility of
integrating BIM into the Agile Scrum framework, called BIM-Scrum. BIM-
Scrum was formed by extracting core similarities between the study of BIM and
Scrum. The design phase of the BIM project life cycle and its relevant
components are extracted from CIDB Guide 5 for integration with Scrum. The
"Collaboration Production of Information" phase and its relevant BIM
components (Employer's Information Requirement (EIR), BIM Execution Plan
(BEP), Task Information Delivery Plan (TIDP), Master Information Delivery
Plan (MIDP) are extracted from the BIM life cycle to be synthesised with Scrum.
Specific adjustments and refinements are recommended to allow BIM adaptation
into Scrum during the adaptation process. Several interviews were conducted as
part of the outcome review procedure, and content analysis was used to identify,
characterise, and understand the interview data. The benefits of BIM-Scrum were
identified, and adoption strategies were examined throughout the process.
Finally, the BIM-Scrum framework was developed as a reference model for the
Malaysian construction industry at the end of the research.

Keywords: Agile scrum, Building information modelling (BIM), Design phase,
Project management.
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1. Introduction

The construction industry faces a myriad of challenges, with one of the most
notable being the difficulty of completing projects within the defined timeframe
and budget. The dynamic nature of business demands, and evolving project
requirements presented substantial obstacles in effectively managing project costs,
scope, complexity, and deadlines. As building technologies advance, existing
knowledge has become inadequate, necessitating the development of more precise
techniques. Moreover, the increasing involvement of complex suppliers in
construction projects, such as strategic vendor alliances, outsourcing, and various
partnerships, requires adopting novel approaches to tackle these intricacies.

A primary concern in the construction industry is the prolonged lead times
experienced in large-scale projects, resulting from several inherent problems. These
issues include the fragmented nature of the industry, insufficient engagement from
stakeholders and project owners, and a lack of transparency and collaboration
among different disciplines [1]. The involvement of diverse organisations in the
planning process further exacerbates these challenges, leading to extended lead
times and communication inefficiencies. For instance, critical project decisions
often relied on regular or irregular meetings, causing significant delays for other
project participants. The risk of misunderstandings and a lack of transparency
among stakeholders is also heightened as communication between disciplines
primarily occurs through phone calls or emails. Therefore, exploring the adoption
of Building Information Modeling with Agile Project Management can be a
valuable solution to address these issues.

While Agile project management methodologies are widely utilised in the
software industry to manage planning uncertainties, there is growing interest in
applying Agile approaches to non-IT fields, including construction [2]. Scrum, as
the preeminent Agile framework, presents a streamlined and less rigid approach
compared to other methods such as Kanban or Lean [3]. Its iterative and
incremental nature provides a holistic and flexible project development approach.
Integrating Scrum methodologies with Building Information Modeling (BIM) can
enhance design development, communication, and collaboration within BIM
teams. This integration enables greater workflow flexibility and efficiency during
BIM project delivery. By fostering enhanced collaboration among design
disciplines during the initial phases, Agile methods facilitate the exploration of
various design options and enable swift changes, ultimately augmenting design
quality and process effectiveness [4, 5].

The construction industry's reputation in information management is tarnished
by persistent challenges, characterised by missed deadlines and budget overruns
[6]. Factors such as fluctuating material prices, quality information, and labour
productivity significantly influence these issues. Inadequate information
management profoundly impacts future planning capabilities and can lead to lost
bidding opportunities or reduced profits in subsequent projects. Relying on
inaccurate or unrealistic information for setting targets and planning can perpetuate
a cycle of poor performance. It can lead to submitted bids exceeding actual costs
or even the loss of contract opportunities, despite completing projects on time and
within budget. Furthermore, contractors often overlook the risks associated with
inadequate information management systems, resulting in increased contingency
expenses and delays in typical construction projects.
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The construction industry faces significant challenges in project completion, cost
control, and information management. Adopting innovative techniques such as BIM-
APM and integrating Agile methodologies like Scrum with Building Information
Modeling can enhance project outcomes, promote collaboration, and address the
complexities inherent in the industry. Effective information management is crucial in
overcoming challenges related to missed deadlines, budget overruns, and the
fragmented nature of the construction sector. By implementing comprehensive
strategies and embracing technological advancements, the industry can work towards
improved project delivery, increased efficiency, and better overall performance.

2.Literature Review

This section sheds light on the literature related to Building Information
Modeling (BIM) and agile project management, especially in Scrum. The
research scope will be identified, and a conceptual BIM-Scrum model will be
developed based on the literature.

2.1. Related works

The existing research primarily focused on adopting Building Information
Modeling (BIM) in Agile Project Management, while a detailed framework
specifically addressing BIM-Scrum in the construction industry is lacking. This gap
necessitates the development of a comprehensive BIM-Scrum framework.

Numerous research topics related to BIM-Scrum have been explored, including
its adoption in Common Data Environments, pedagogical experiments, concurrent
product development, Augmented Reality (AR) systems, and Facility management.
However, there is a lack of precise technical guidance on implementing BIM-
Scrum in the design phase of construction projects in Malaysia. Therefore, the
research gap lies in deploying BIM-Scrum during the design process.

2.2.Agile scrum

Agile Scrum is often recognised as the most powerful agile methodology for
physical products [7] (as shown in Fig. 1). The development process in Scrum is
divided into time-boxed iterations known as sprints, which typically span 2 to 4
weeks, contingent upon the product's complexity and risk assessment [8]. Each
sprint produces a valuable intermediate version of the product for the product owner
to examine. The steps of the Scrum process are shown in Fig. 1.

The Product Backlog contains a list of requirements from the product owner
that the final product must fulfil. After receiving product owner feedback in the
Sprint review phase, amendments will also be added to the product backlog. The
product backlog is specific to the project's overall goal and displays each item's
description, order, estimate, and value [9].

The Sprint Backlog is a list of tasks (User Stories) that must be completed
within a single Sprint. The product owner prioritises user stories before the start of
each sprint by carefully considering the product owners' strategic needs.

In a sprint, a usable and potentially valuable product is developed in one month or
less. A new sprint cannot start until the preceding sprint has ended.
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Fig. 1. Scrum framework [10].

The entire Scrum Team convenes during the sprint planning to anticipate
potential sprint deliverables. Each user story is decomposed into various technical
tasks for sprint implementation. The Product Owner discusses the Scrum Team's
objectives, the sprint's outcomes (Sprint Goal), and the product owner's
requirements in the Product Backlog. The Development Team always keeps the
Sprint Goal in mind when constructing the sprint in terms of functionality and
technology utilisation.

During Sprint Implementation, the Scrum Team follows the plan established
during the sprint planning phase and executes the tasks to create the project's
product [11]. The Scrum Team removes tasks from the backlog as team members
complete them and assigns new tasks until all tasks are completed.

During the sprint review, the product owner invites stakeholders and the Scrum
Team to inspect the increment. The entire team evaluates the tasks completed
during the sprint's implementation. Additionally, any tasks left over from the
previous sprint review are discussed, and the product backlog may be modified if
necessary. The Product Backlog is often updated, and likely, Product Backlog items
for the new sprint are specified after the sprint review.

In the case of a one-month sprint, the Sprint Retrospective is a meeting that lasts
around three hours, while shorter sprints call for shorter meetings. It occurs after
the sprint review ends and before the next sprint planning begins. During the Sprint
Retrospective, the Scrum Team reviews the work and develops strategies to
improve the processes for the upcoming sprint.

The Development Team dedicates 15 minutes daily to coordinate tasks and plan
for the next 24 hours. The Daily Scrum consistently occurs at a fixed time and
location to ensure simplicity. It also involves evaluating the work completed since
the previous Daily Scrum. The Daily Scrum facilitates the identification and
overcoming of obstacles by the Scrum Team and serves as a tracker to monitor the
progress of the Sprint Goal. Moreover, it ensures the work progresses per the Sprint
Backlog, representing the product owner's requirements.

2.3.Building Information Modelling (BIM)

Building Information Modelling (BIM) offers a wide range of applications in
design and construction. BIM is an integrative model that merges, saves, and
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develops all production processes and information, allowing the development team
to interactively communicate with stakeholders in the construction industry [12].

According to the ISO 19650 standard, BIM primarily focuses on the
information management process, which includes several phases during
information delivery. These phases include assessment and need, an invitation to
tender, tender response, appointment, mobilisation, collaborative production of
information management, information model delivery, and project close-out. This
paper specifically focuses on the design phase and extracts the "collaborative
production of information" from the BIM workflow to adopt with Scrum.
Additionally, the Employer's Information Requirements (EIR), BIM Execution
Plan (BEP), Task Information Delivery Plan (TIDP), and Master Information
Delivery Plan (MIDP) are extracted to support the production of information.

2.3.1. Collaborative production of information phase

The Collaborative Production of Information Phase represents the design phase,
during which the BIM team designs and generates information.

Figure 2 illustrates the BIM design process. Firstly, the team ensures that all
relevant reference information has been accessed. Next, the development team
generates information and coordinates geometrical models according to their Task
Information Delivery Plan (TIDP). Each task team then conducts a quality
assurance check for each information container (cost plan, drawing, and geometric
model) following the project information production methods, procedures, and
standards. Moreover, each task team must confirm the shared information online,
enabling other team members to access their work. Finally, the team conducts an
information model review before the submission.

Collaboration Production of
Information

ﬁchcck availability (¢) Complete (d) Review (f)Submit

of reference (b) Generate 3 P information and (e) Information information model

: 7 — 3 ——» quality assurance —» 3 — S =
information and information s approve for model review for lead appointed
shared resources sharing party authorisation

Fig. 2. Collaboration production of information phase.

2.3.2. Employer information requirements (EIR)

Employer's Information Requirements (EIR) is an essential document for the
development team and contractor involved in the level-2 BIM process [13]. The
EIR is a pre-tender document that specifies the information to be provided and the
standards and processes the provider must follow as part of the project delivery
process [14]. It outlines the employer's expectations regarding the project
information model at each stage.

2.3.3. BIM execution plan (BEP)

The BIM Execution Plan (BEP) is a plan created by the consultant to describe the
implementation of information modelling components. Bidders must provide
details of methods to demonstrate the client's planned competency, capacity,
methodology, and ability to fulfil the Employer's Information Requirements (EIR),
as specified in the EIRs. The BEP consists of two stages: pre-contract and post-
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contract BEP. The pre-contract BEP provides methods and procedures for
delivering the information required for BIM modelling, intended for coordinating
and managing the information during the construction and operation stages. The
BEP is created following the EIR.

2.3.4. Task information delivery plan (TIDP)

The Task Information Delivery Plan (TIDP) is a consolidated list specifying each
task's information delivery formats, dates, and responsibilities. At the end of each
sprint, the task team manager is responsible for creating the TIDP, which
contributes to the construction of the MIDP.

2.3.5. Master information delivery plan (MIDP)

The Master Information Delivery Plan (MIDP) is a methodology for coordinating
information delivery throughout the project lifecycle. It is generally created by the
information manager in collaboration with the task team managers. The MIDP
serves to share information among team members throughout the project. The
MIDRP is a collection of other team members' Individual Task Information Delivery
Plans (TIDP).

2.4.BIM-Scrum integration

BIM documents are integrated into different Scrum phases to enable BIM adoption
in Scrum, as shown in Fig. 3.

2.4.1. Product backlog and EIR

The Employer Information Requirement (EIR) contains precise instructions for
executing a construction project according to the client's requirements. It allows the
client to obtain the client's requirements and project tasks. The EIR outlines what
the client expects to be delivered and handed over during the performance and
transition procedures. It explicitly defines the information needs of each
development team and specifies the expected information exchange in terms of
documents, structured information, and model files.

SPRINT

Completed

v v Y

v B

Planning A \/ w/ /

Product sprint Backlog Completed
Backlog (Selected Stories and Product

their Tasks)

Fig. 3. BIM-Scrum conceptual model.
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2.4.2. Sprint planning and BEP

At the beginning of each sprint, the development teams generate a set of sprint
deliverables selected from the sprint backlog. They prioritise the most critical and
logically performed tasks and distribute them to various teams [15]. If large or
complex collaborations are involved in the project, a BIM Execution Plan (BEP) is
formed. The BEP ensures that each designer and stakeholder understand their role
and responsibilities [16]. It outlines the approach for the project's primary
deliverables and the existing data used to accomplish them.

2.4.3. Sprint implementation and collaboration production of information
phase

Sprint Implementation is the stage where the development team executes tasks and
creates a BIM design for the project's construction. In this instance, the
Collaboration Production of the Information Phase should be conducted.

2.4.4. Sprint review and TIDP

During the Sprint Review, the Scrum Team examines the increment and modifies
the Product Backlog if new tasks arise [17]. The project's final result is built using
various models from different teams. Once each team's tasks are finalised, the Task
Information Delivery Plan (TIDP) is used to oversee the delivery of information
that each task team manager has created. The task team manager reviews the
information the task team produces before approving it.

2.4.5. Sprint retrospect and MIDP

The Sprint Retrospect is a meeting to review and improve the team's work before
the sprint ends. When all the Task Information Delivery Plans (TIDPs) from the
Sprint Review have been completed, the information manager aggregates all the
TIDPs from each development team into a Master Information Delivery Plan
(MIDP). The MIDP includes drawings, models, renderings, equipment schedules,
specifications, and room data sheets.

3.Research Methodology

The study proposes a qualitative research method using semi-structured interviews.
The data collected will be analysed using content analysis, which will be further
discussed in this section.

3.1. Semi-structured interview

A semi-structured interview was utilised to collect the interviewees' opinions,
experiences and attitudes to the BIM-Scrum study. BIM and Scrum practitioners
are limited in the industry; therefore, semi-structured interviews are the best to
identify the respective experts. Besides, a semi-structured interview gives the
interviewer a better understanding of the subject matter, considering the area of
study is niche [18, 19]. The selected interviewees were either experts in BIM or
Scrum across Malaysia. Data were sought to determine the benefit of integrating
BIM and Scrum. The background of the interviewees is presented in Table 1.
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Table 1. Background of the interviewees.

1D Position Experience
11 Project Management 15 years’ experience in agile project
Consultant management, owns a BIM consultant
company.
12 Project Manager 10 years of project management experience

with certified Revit Professional and
Discipline Agile Senior Scrum Master.

13 Principle Technical 11 years in Mechanical Engineering,
Consultant practising BIM workflow. The firm is
practising Agile Project Management.
14 Scrum Master 8 years of experience with certified
Discipline Agile Senior Scrum Master
15 Senior Consultant 6 years of working experience with agile
methodology.
16 Associate Professor of 20 years of experience in project
Construction Management management research, especially in BIM
framework development.
17 Project Management 16 years’ experience in agile project
Consultant management, 8 years in BIM consultancy.

3.2.Content analysis

The content analysis was used to analyse qualitative data. The process involved
four main stages: decontextualisation, recontextualisation, categorisation, and
compilation.

The decontextualization process allowed the researcher to familiarise
themselves with the raw data by reading through the interview transcripts to
understand the overall picture regarding BIM-Scrum. It aids in comprehending the
construction environment as a whole before breaking it into smaller meaning units.
A meaning unit is a meaningful sentence extracted from the interview transcript
that contains valuable insights related to the objective [20].

Recontextualisation was performed after extracting the meaning units from the
interview transcript. The researcher ensured that all the content was within the
project scope. They filtered and marked the useful meaning units from the transcript
while removing the unmarked text.

The meaning units should be condensed by reducing the number of words
before creating categories. The condensation process should not cause the meaning
units to lose their content [20]. Next, themes and categories of the meaning units
are determined. A theme is an overall concept that expresses an underlying
meaning. The data should not fall between two groups or fit into more than one
group. Therefore, the identified themes and categories should be internally
homogeneous and outwardly diverse [21].

The compilation is where the analysis and writing process commenced after
identifying the subjects and categories. The interview experiences were examined
and interpreted to uncover the essence of the BIM-Scrum phenomena. Appropriate
meaning units are selected for each category or theme and provided as quotes in the
running text. Ultimately, a summary of the themes is presented in a table to offer
an overview of the outcomes.
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4,Results and Discussion

In this section, the analysis of the advantages brought about by the integration of
BIM and Scrum will be identified. The collected data were then subjected to content
analysis, allowing us to identify key benefits and patterns that emerged from the
respondents’ opinions. With the analysis results at hand, we are equipped to make
data-driven improvements to the conceptual BIM-Scrum model presented in Fig.
3. The integration of BIM and Scrum has already shown promise, and this stage of
the study aims to refine the model further. By taking into account the identified
benefits and insights from the interviewees, we can enhance the model's
effectiveness in real-world project management scenarios.

4.1. BIM-Scrum benefits

The benefits of the BIM-Scrum were presented in the form of frequency expressed
as a percentage of the key categories of the interviewee, as shown in Table 2. Only
frequencies of more than 80% were accepted [21]. From the analysis, the main
benefits of the BIM-Scrum are found to work effectively, allowing collaboration
and customer feedback.

Table 1. Frequency of the BIM-Scrum benefits.

Factors/ 1 2 3 4 5 6 7 Frequency Remark
Interviewees (1) (%)

Scrum allows BIM to adapt / I 42.9% Rejected
to rapid change

Increase the work efficiency / / [ 85.7% Accepted
Integrate BIM and Scrum  / rr 0 85.7% Accepted
allow collaboration

Integrate BIM and Scrum / 14.3% Rejected
allow Less change in

Procurement

Cost Saving / 14.3% Rejected
Scrum allows client input [ r 85.7% Accepted
during the BIM project.

BIM component act as /A T 57.1% Rejected

guidance in Scrum

4.1.1. Increase the work efficiency

The majority of respondents asserted that BIM-Scrum could enhance work efficiency
by enabling early tasks, facilitating problem anticipation and reducing delays. They
believed that without proper planning, the project would become chaotic.

o "Without proper planning during the inception, it will be a mess..."” (11)

o "...we need to plan properly, need to model the whole the project in order to
integrate all the parties. We can foresee the problem earlier and solve earlier
to reduce delay" (14).

4.1.2. Integrate BIM and Scrum to allow collaboration

BIM-Scrum enables different parties involved in the BIM project to collaborate
through the BIM platform or Scrum meetings. They emphasised that collaboration is
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an essential element introduced by the framework encouraging the development
team to collaborate within this framework.

¢ "Small group of the team collaborates to deliver their individual pieces of
work in short cycles." (13)

e ”...is amindset that takes in collaborative effect” (15)

4.1.3. Scrum allows client input during the BIM project.

BIM-Scrum enables client input throughout the BIM project. The project team
obtained the client's requirements before the sprint started. The team presents their
progress to the product owner during the sprint review phase to gather feedback.

o "...and it is subject to the client/client organisation's desired feature. What
kind of feature does the client want for the BIM deliverables™ (12)

e "...you present it to the client, get their feedback to see how they perceive it
as." (I7)

4.2. BIM-Scrum final model

During the interview, several suggestions were highlighted by the interviewees and
those constructive suggestions were adopted to improve the BIM-Scrum model.
The BIM-Scrum final model is presented in Fig. 4.

Completed

Features
_\ Sprint
v

v ¥ Y

N N

e ...

Product Sprint Backlog ‘ _ Completed
Backlog (Selected Stories and Product

their Tasks)

Fig. 4. BIM- Scrum final model.

4.2.1. Product backlog

The client provides the Employer Information Requirements (EIR) document to the
team before the project starts. The EIR document provides a clear understanding of
the scope of work required for the execution of the BIM project. The development
team can use the EIR to plan the product backlog, including a list of tasks and
relevant requirements necessary to complete the BIM project. In this case, the
project team's tasks will include the BIM Execution Plan (BEP), Master
Information Delivery Plan (MIDP), Task Information Delivery Plan (TIDP), and
the Collaboration Production of the Information Phase (BIM design phase). The
main tasks will be completing the BIM documents (BEP, MIDP, TIDP) before the
development team works on the BIM design.
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¢ "Once we have that information, we can determine the necessary actions and
proceed to plan the sprint backlog or product backlog. From there; we can
move forward with the designing process. " (11).

Each main task is subdivided into user stories before being added to the sprint
backlog. User stories represent the smallest units of work in agile project
management. For instance, the BEP comprises various components such as BIM
work processes, model process flow charts, coordination and collaboration
management. These components can be further broken down into smaller tasks and
assigned to team members. The number of sprints created will depend on the scale
of the project.

o "TIDP & MIDP will be the task/stories in product backlog...” (14).
o "...BEP will be one of the main tasks to be broken down into several sprints.” (15)

4.2.2. Sprint Backlog

The sprint backlog is a list of tasks that must be completed within a single Sprint.
A burndown chart is used to keep the progress of the task.

¢ "InScrum, aproject consists of multiple sprints (working cycles), not justone.
Each sprint will have its own sprint planning, backlog, daily Scrum, sprint
review, and retrospective. After completing a sprint, the team moves on to
the next one. Therefore, some sprints may only involve the Task Information
Delivery Plan (TIDP), some may involve both TIDP and Master Information
Delivery Plan (MIDP), and some may only involve the MIDP. MIDP and
TIDP are not always used together.” (17)

4.2.3. Sprint planning

During the Sprint planning, the product owner, team members, and Scrum master
gather to formulate the tasks that must be delivered in the sprint. The team commits
to completing the intended work by the end of the sprint planning session. They
then consult the Sprint Backlog list to determine the most critical tasks to
accomplish during the sprint.

e "...BEP implement through sprint but not during the sprint planning" (15)

4.2.4. Sprint implementation

In this stage, the development team executes various BIM tasks, including the BEP,
TIDP, MIDP, and BIM design tasks. Once these BIM documents are completed,
the BIM design task can be executed using the references provided in the BIM
documents. At this stage, the BIM documents guide the team to complete the BIM
design task successfully. No further comments were made by the interviewees on
this section.

4.2.5. Sprint review

Feedback from the product owner will be received during the review phase. The
team will present the completed tasks to the product owner and the entire team. The
feedback will be incorporated into the product for the team to make necessary
modifications. Any unfinished tasks will be carried over to the next sprint.
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4.2.6. Sprint retrospect

The entire team will evaluate the completed tasks during the sprint retrospective.
Team members will engage in discussions about the obstacles faced and potential
solutions. The overarching objective of the sprint retrospective is to improve the
quality and effectiveness of the team.

4.2.7. Daily scrum

The Daily Scrum permits the self-sufficient team to have dedicated time to discuss
progress. During this meeting, obstacles are identified and resolved with the
assistance of other team members. It ensures time-saving by aligning BIM
information and reducing errors.

A self-sufficient team indicates that the team can perform its tasks without
requiring assistance from others. The team can effectively handle its work and
create increments throughout the sprint without external instructions. However, the
scrum master should ensure that the team has the necessary experience and can take
responsibility for completing tasks on time. This enables team members to
maximise productivity, flexibility, and creativity.

" You should have a self-sufficient team, meaning that your team should consist
of members who are capable of working on all the different elements within the
entire design phase. " (15)

4.3.BIM-Scrum final model

The BIM-Scrum Conceptual model has been revised based on the comments from
the interviewee, as shown in Fig. 4. BIM documents (BEP, MIDP, and TIDP) are
now included as documentation inputs in the conceptual model. The interviewee
suggested that the creation of these BIM documents could be incorporated within
the Scrum approach. Additional sections have been added to the BEP to incorporate
the Scrum component. For example, acceptance criteria, the definition of done,
sprint length, and team velocity can be defined in the BEP.

Implementing BIM documents in the conceptual model was planned initially for
different phases. However, the respondent proposed that BIM documents should be
utilised throughout the entire Scrum process to facilitate the completion of the BIM
design task. This is a departure from the previous approach of using BIM
documents in specific phases.

Furthermore, the concept of a self-sufficient team emerged from the respondents'
feedback, aiming to increase team productivity. The respondent also suggested that the
team could use the daily Scrum meeting to check the alignment of the BIM format.
This new element was not included in the original conceptual model.

5.Conclusion

This study initially emphasised the similarities between Agile Scrum and BIM
technology, synthesising them to evaluate the feasibility of integrating BIM into
Agile Scrum during the design phase. A BIM-Scrum conceptual model was
developed, which aims to benefit the construction industry in Malaysia. The results
of the qualitative analysis revealed that most interviewees agreed that BIM-Scrum
could simplify projects, increase collaboration and work efficiency, and allow
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product owner input during the design phase. The interviews suggest the
acceptance of six (6) strategies to improve the BIM-Scrum model. Finally, the
interviewees' suggestions were incorporated to develop a final BIM-Scrum model
suitable for the Malaysian industry.

With the BIM-Scrum model, the BIM team can simplify tasks by breaking them
into several sprints. The team will receive continuous product owner feedback
during each sprint review phase. This input from the product owner enhances
design reliability and reduces rework and errors. BIM technology supports the team
in terms of software, while Scrum facilitates project distribution and enables
product owner input.

Integrating Building Information Modelling into Agile Scrum (BIM-Scrum)
signifies a substantial paradigm shift in operations rather than mere incremental
improvement. BIM-Scrum enables enhanced collaboration between design
disciplines at earlier stages, facilitating a fast exploration of design options and easy
incorporation of changes. Applying agile methods to a BIM-based design workflow
can increase design quality and improve process efficiency, and vice versa. Agile
implementation in construction based on BIM helps achieve a significant increase
in design operation efficiency by reducing errors and quickly adapting to changes.
It fundamentally introduces new business processes, greatly enhancing the
efficiency of all construction stakeholders and reducing construction time by
improving understanding and implementation of project requirements.

6.Limitations and Future Works

This study has several limitations, including a lack of experts in both fields, as
Scrum is from the software development field, and BIM is from the construction
field. Additionally, there may be biases towards their respective professions.
Individuals tend to have positive opinions about their professions, and BIM experts
may be hesitant to integrate with Scrum due to concerns about complicating their
work and vice versa.

Future work can focus on estimating the time required for team members to
deliver user stories. A common technique for estimating user stories is considering
factors such as effort, complexity, and uncertainty associated with each user story.
These factors can affect the estimated time and impact team productivity.
Furthermore, future work could explore the possibility of extending the research to
the entire BIM life cycle. Extending the research outcomes to the construction life
cycle or facility management is recommended based on the benefits identified, as
Scrum can potentially simplify complex tasks into manageable ones.
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