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Abstract

The construction industry is crucial for infrastructure and economic development. Integrating Building
Information Modeling (BIM) and Project Management Professional (PMP) practices enhances performance,
reduces costs and time, and improves planning and implementation, and boosts project quality and risk
management. This research examines the benefits of BIM-PMP integration, such as improved project execution,
cost and risk reduction, and enhanced team communication. It also addresses technical, cultural, and organizational
challenges. Using statistical analysis with IBM SPSS and AMOS, the study investigates relationships between
BIM, PMP, and variables like cost, time, and quality, based on expert interviews. Findings highlight BIM's role in
achieving high quality, cost-effective, timely project completions and the need for a BIM-PMP framework to
streamline operations and achieve project goals. Future directions include developing new tools, enhancing
training, and supporting innovation to improve project performance.

Keywords: Building Information Modeling (BIM); Project Management Professional (PMP); Construction
Industry; Project Integration; Project Planning; Risk Management; Cost Management; Communication and
Collaboration; Project Quality; Technological Integration

1. Introduction

The construction industry plays a pivotal role in infrastructure development and economic growth, driving the
advancement of societies worldwide. As projects become increasingly complex, there is a growing need for
advanced methodologies and technologies to enhance project performance and efficiency. Building Information
Modelling (BIM) and Project Management Professional (PMP) practices have emerged as transformative tools
within this context. BIM,[1] [2] with its precise 3D modelling and central database capabilities, offers a
comprehensive view of project data, facilitating better planning, design, and execution. PMP, with its structured
project management methodologies, ensures systematic planning, execution, and closing of projects, adhering to
defined objectives and standards.[3]

Integrating BIM and PMP methodologies promises significant improvements in the construction industry by
leveraging the strengths of both approaches.[4] This integration aims to enhance overall project performance,
reduce costs, manage risks effectively, and improve communication and collaboration among project
stakeholders.[5] Despite the evident benefits, the construction industry faces challenges in fully realizing the
potential of BIM and PMP integration due to technical, cultural, and organizational obstacles.

This review aims to investigate the integration of Building Information Modelling (BIM) and Project Management
Professional (PMP) practices in the construction industry.[6] The primary objectives are to evaluate the benefits
of integrating BIM and PMP to improve construction project outcomes and to analyse the impact of this integration
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on project management, particularly in terms of communication, coordination, transparency, and risk
management.[7] Additionally, the review seeks to assess the influence of BIM and PMP on project quality by
comparing projects that implement these technologies with those that do not. Another goal is to develop a
framework for applying BIM and PMP in the construction industry, outlining specific steps, best practices, and
guidelines. Finally, the review identifies and analyses the challenges and obstacles companies face when adopting
BIM and PMP methodologies, offering recommendations to overcome these challenges. [8]

The scope of this review encompasses both theoretical and practical aspects of integrating BIM and PMP in
construction projects. It includes a comprehensive evaluation of the benefits and challenges associated with this
integration, supported by statistical analysis and expert interviews.[9] Key areas of focus include project planning
and implementation, cost and risk management, communication and collaboration, and overall project quality.
However, the review is limited to studies and cases available in the literature and may not cover all possible
scenarios and applications of BIM and PMP integration. [10] By addressing these objectives within the defined
scope, this review aims to provide valuable insights and practical recommendations for enhancing project
performance through the integration of BIM and PMP in the construction industry.

2. Literature Review

2.1 Construction Industry

The construction industry plays a pivotal role in the economic growth and development of nations, encompassing
a wide range of activities from planning, designing, constructing, to maintaining buildings and infrastructure.[11]
Despite its significance, the industry faces numerous challenges including complex construction technology,
enormous investments, tight schedules, multiple stakeholders, and vast information management Building
Information Modelling (BIM) has emerged as a revolutionary technology to address these challenges, bringing
significant innovations and efficiency to the construction processes.[12]

2.2 Building Information Modelling (BIM)

BIM is a digital technology that integrates various data and information throughout a project's lifecycle, providing
adetailed and interactive 3D model of the project [13], BIM facilitates improved coordination among stakeholders,
enhances productivity, and reduces errors and rework by enabling clash detection and detailed visualization of the
construction process.[14] This technology is particularly advantageous in large and complex projects involving
numerous participants, as it supports effective communication, accurate cost estimation, and efficient project
scheduling [1].

2.3 Advantages of BIM in the Construction Industry

The adoption of Building Information Modelling (BIM) in the construction industry has ushered in a multitude of
advantages, transforming the way projects are executed. One of the most significant benefits is the enhanced
collaboration and communication that BIM facilitates. By providing a centralized platform for sharing information,
BIM improves coordination among architects, engineers, contractors, and other stakeholders. This streamlined
communication reduces the likelihood of miscommunication, leading to more efficient project execution.[15]

In addition to improving communication, BIM offers accurate cost estimation and budgeting. BIM models are rich
with detailed information about building components and materials, enabling precise quantity take-offs and cost
estimations. This level of detail helps in preparing reliable project budgets and controlling costs effectively,
ensuring that financial resources are managed with precision throughout the project lifecycle.[16]

Furthermore, BIM's 3D modelling capabilities significantly enhance project visualization and planning. Project
teams can leverage these capabilities to visualize the entire construction process and simulate various scenarios.
This ability to see the project in a virtual environment aid in identifying potential issues early on, optimizing
resource allocation, and improving project scheduling. By anticipating and addressing problems before they arise,
BIM contributes to smoother and more efficient project management.[17]

Overall, the advantages of BIM in the construction industry are manifold; encompassing improved collaboration,
precise cost management, and enhanced project planning. These benefits underscore the transformative impact of
BIM on construction practices, paving the way for more effective and efficient project execution.[18]

2.4 Challenges in Implementing BIM

Despite its numerous benefits, implementing Building Information Modelling (BIM) in the construction industry
is fraught with challenges. One of the primary hurdles is the high initial cost associated with its adoption.
Significant investment in hardware, software, and training is required, which can be a substantial burden, especially
for smaller firms that may struggle to afford these upfront expenses. [19]
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Another challenge lies in training and skill development. BIM demands a specific set of skills and in-depth
knowledge, necessitating either the training of existing staff or the hiring of new personnel proficient in BIM. This
process can be both time-consuming and costly, adding another layer of complexity to the implementation. [20]

Change management is also a significant obstacle. Adopting BIM often requires changes to well-established
workflows and processes. Employees who are accustomed to traditional methods may resist these changes,
creating friction that can hinder the successful adoption of BIM. Overcoming this resistance and ensuring a smooth
transition to new ways of working is essential yet challenging.

Additionally, interoperability and data exchange present ongoing difficulties. Ensuring seamless data exchange
between different software platforms and among various stakeholders can be problematic. This challenge can lead
to potential data loss or errors, complicating the implementation process and undermining the efficiency gains that
BIM promises.

These challenges highlight the complexities involved in implementing BIM in the construction industry. While
the benefits are clear, the path to successful adoption requires careful planning, investment, and a willingness to
embrace change.[21]

2.5 Integration of PMP and BIM

Integrating Project Management Professional (PMP) methodologies with BIM can significantly enhance
construction project management. PMP provides a standardized set of skills and knowledge areas essential for
effective project management, while BIM offers detailed project visualization and data management capabilities.
[22] The integration of these two frameworks can streamline project planning and execution, improve
collaboration, and enhance overall project efficiency. [23] This synergy allows for better risk management,
accurate cost control, and improved project lifecycle management, ultimately leading to successful project
outcomes.[19]

In conclusion, while the construction industry faces several challenges, the implementation of BIM, supported by
PMP methodologies, presents a promising solution. This integration enhances project efficiency, reduces costs,
and improves collaboration among stakeholders, paving the way for more innovative and successful construction
projects.[24]

3. Methodology

3.1 Bibliometric Data Collection

The bibliometric data collection for this systematic review involved gathering scholarly literature from key
databases such as Web of Science and Scopus. These databases were selected for their comprehensive coverage
of peer-reviewed journals in the fields of project management, construction management, and building information
modelling (BIM). The search strategy included specific keywords related to "Project Management Professional
(PMP),"[25] "Building Information Modelling (BIM)," and their integration within the construction industry.

Tools such as Web of Science and Scopus were used to execute advanced search queries, combining keywords
and Boolean operators to refine search results. Citation analysis was employed to identify highly cited articles,
which provided insights into influential works within the field. Metrics such as citation counts, h-index, and journal
impact factors were utilized to assess the impact and relevance of individual articles and journals. [26]

3.2 Content Analysis Data Collection

For the content analysis phase, articles selected from the bibliometric data were further scrutinized based on
inclusion and exclusion criteria. Inclusion criteria included relevance to the integration of PMP and BIM in the
construction industry, publication in peer-reviewed journals, and availability of full-text articles in English. [27]

Initially, titles and abstracts were screened to identify potentially relevant articles. Full-text articles meeting the
inclusion criteria were then retrieved and subjected to a detailed content analysis. This involved qualitative
assessment techniques such as thematic coding to identify recurring themes, methodologies used, key findings,
and practical implications of the integration of PMP and BIM.[27]

Articles were categorized based on their focus on project management methodologies (including PMP principles),
BIM applications in construction projects, collaborative approaches, and technological innovations. Through this
rigorous selection and analysis process, a comprehensive understanding of current trends, challenges, and
opportunities in integrating PMP and BIM in the construction industry was synthesized.[28]
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Overall, the data collection process for both bibliometric and content analysis components of the systematic review
adhered to rigorous methodological standards, ensuring the reliability and validity of the findings. The systematic
approach facilitated the synthesis of existing knowledge and provided insights for future research directions and
practical applications in construction project management.

3.3 Data Analysis
3.3.1 Bibliometric Analysis

Table 1: The most cited researchers in previous studies

Cites Authors

91 K Chen, G Fang

89 TA Nguyen, TA Nguyen

61 Y Rui, L Yaik-Wah, TC Siang

51 APC Chan, X Ma, W Yi, X Zhou, F Xiong

19 A Wagar, |1 Othman, N Shafig, A Deifalla, AE Ragab, M Khan
15 MF Siu, R Ekyalimpa, M Lu, S Abourizk

In previous studies, the most cited researchers include K. Chen and G. Fang with 91 citations, followed closely by
TA Nguyen and TA Nguyen with 89 citations. Y. Rui, L. Yaik-Wah, and TC Siang garnered 61 citations, while
APC Chan, X. Ma, W. Yi, X. Zhou, and F. Xiong received 51 citations. Further, down the list, A. Wagqar, I.
Othman, N. Shafig, A. Deifalla, AE Ragab, and M. Khan accumulated 19 citations, and MF Siu, R. Ekyalimpa,
M. Lu, and S. Abourizk received 15 citations. These researchers have significantly contributed to the literature,
reflecting their impact and influence in the field.[27]

Table 2: The most cited researchers in previous studies

A.Count Authors

21 K Chen, G Fang

18 TA Nguyen, TA Nguyen

15 Y Rui, L Yaik-Wah, TC Siang

14 APC Chan, X Ma, W Yi, X Zhou, F Xiong

13 A Wagar, | Othman, N Shafig, A Deifalla, AE Ragab, M Khan

In terms of productivity, the most active researchers identified in the literature include K. Chen and G. Fang with
21 publications, followed closely by TA Nguyen and TA Nguyen with 18 publications. Y. Rui, L. Yaik-Wah, and
TC Siang are noted for their productivity with 15 publications. APC Chan, X. Ma, W. Yi, X. Zhou, and F. Xiong
have contributed significantly with 14 publications. A. Wagar, 1. Othman, N. Shafig, A. Deifalla, AE Ragab, and
M. Khan have also been productive with 13 publications. These researchers have consistently contributed to
advancing knowledge in their respective areas of study within the field.[26]

Table 3: The most cited researchers in previous studies

Cites Publisher

33 Elsevier

32 e3s-conferences.org
29 etasr

26 eprints

25 polyu.edu.hk

25 ascelibrary.org

Among the top publishers identified in the research are Elsevier, leading with 33 citations, followed closely by
e3s-conferences.org with 32 citations. The journal etasr has accumulated 29 citations, while eprints and
polyu.edu.hk each have 26 citations. Additionally, ascelibrary.org also stands out with 25 citations. These
publishers have played a significant role in disseminating research findings related to the integration of Project
Management Professional (PMP) and Building Information Modeling (BIM) in the construction industry,
contributing to the scholarly discourse in this field.[28]
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Table 4: Key referenced studies

Cites | Title Year

51 Critical review of studies on building information modeling (BIM) | 2018
in project management

19 Impediments in BIM implementation for the risk management of | 2023
tall buildings:

16 Construction Project Management Based on Building Information | 2021
Modeling (BIM)

11 Applying regression analysis to predict and classify construction | 2013
cycle.

3 Building Information Modeling (BIM) for Construction Project | 2024
Schedule Management: A Review

1 Analysis of the current status and comprehensive ap plication | 2024
research on BIM technology in construction cost management

Several key studies have been prominently referenced in the research on the integration of Project Management
Professional (PMP) and Building Information Modeling (BIM) in the construction industry. The most cited study,
with 51 citations, is the "Critical review of studies on building information modeling (BIM) in project
management" published in 2018. Following this is "Impediments in BIM implementation for the risk management
of tall buildings" from 2023, which has garnered 19 citations. "Construction Project Management Based on
Building Information Modeling (BIM)" from 2021 has been cited 16 times, while "Applying regression analysis
to predict and classify construction cycle” from 2013 has received 11 citations. Additionally, "Building
Information Modeling (BIM) for Construction Project Schedule Management: A Review" and "Analysis of the
current status and comprehensive application research on BIM technology in construction cost management™ have
been cited 3 and 1 times respectively, highlighting their relevance to the field. These studies collectively contribute
valuable insights into the application and challenges of BIM in construction project management.

20102011201220132014201520162017201820192020202120222023 2024

Figure 1. Articles count per year

The bar chart titled "Articles count per year" depicts the annual number of published articles from 2010 to 2024.
Since 2010, research on integrating Project Management Professional (PMP) and Building Information Modeling
(BIM) in the construction industry has shown varying publication rates. The number of articles published per year
has fluctuated, with notable increases in 2017 and 2018, reaching peaks of 33 and 51 publications respectively.
Subsequent years have seen a gradual decline, with 2024 showing the lowest number of publications at 3 articles
so far.

3.3.2 Content Analysis
Table 5: Main findings from previous studies
ount S. Results
1 According to all of the above, determine the main search results
3 Recommends integrating BIM training into educational curricula.
2 Emphasizes the need for widespread availability of BIM resources.
1 BIM tools (3D, 4D, 5D) improve project management efficiency.
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Benefits include conbflict detection, scheduling optimization, and cost
management.

Reduces rework and enhances construction quality.

Identifies emerging trends in BIM application across project stages and
disciplines.

Advocates for standardized BIM practices to enhance project development
and management.

[N

Discusses challenges in using BIM for risk management in tall buildings.

~

. Proposes comprehensive BIM-based risk management frameworks.

N

. Introduces regression analysis techniques for predicting construction cycle

times.

. Enhances efficiency and productivity in construction operations.

. Provides a comprehensive approach to applying BIM in cost management.

. Focuses on enhancing decision-making and automating processes.

N

. Introduces BIM5D and digital twin technologies for project cost control

and management.

The table displays the number of times each sustainable practice (Count) has been applied for each specific
sustainable practice (S. Practice). The numbers indicate the frequency of each sustainable practice, providing
insight into how common and widely used each practice is in the field of sustainability. For example, Use local
and sustainable materials: Applied 15 times, making it the most common practice.

Table 6: Detailed and sub-results and their definitions

Category Definition Detailed Practices Nu
Integration of | Building Information Modeling (BIM) | 1. Visualization | 4
BIM into project | is a digital representation of physical | 2. Simulation 3
scheduling and functional characteristics of a | 3. Real-time 3
enhances facility, serving as a shared knowledge | Tracking
efficiency. resource for informed decision-making

throughout its lifecycle.[29]
Recommends Building Information Modeling (BIM) | 1. Educational 6
integrating BIM | refers to the process of creating and | Integration 5
training into | managing digital representations of | 2. Skill 3
educational physical and functional characteristics | Development:
curricula. of a built asset.[24] Curriculum

Enhancement:

Benefits include | Building Information Modeling (BIM) | 1. Conflict 5
conflict detection, | refers to a digital representation of | Detection 4
scheduling physical and functional characteristics | 2. Scheduling 2
optimization, and | of a facility. It's used to facilitate | Optimization Cost
cost management. | efficient management throughout its | Management [31]

lifecycle.[30]
Advocates for | Building Information Modeling (BIM) | 1. Streamlines 5
standardized BIM | is a process that involves creating and | Project Development 4
practices to | managing digital representations of | 2. Improves 2
enhance project | physical and functional characteristics | Collaboration
development and | of a building or infrastructure.[32] Ensures Consistency
management.
Proposes Building Information Modeling (BIM) | 1. Effective Risk 4
comprehensive is an advanced digital process that | Identification
BIM-based risk | involves creating and managing virtual | 2. Holistic Risk 5
management models of construction projects, | Assessment
frameworks. integrating various data points and | Integrated Mitigation 4

elements to enhance project planning, | Strategies:

execution, and management.[33]
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Based on the synthesis of current research and scholarly insights, Building Information Modeling (BIM) emerges
as a transformative digital process within the realm of construction project management. BIM serves as a
sophisticated tool for creating, managing,[34] and sharing digital representations of physical and functional
characteristics of built assets. Its integration into project scheduling significantly enhances operational efficiency
by providing a shared knowledge resource that supports informed decision-making across the entire lifecycle of a
facility.[35]

Furthermore, the studies underscore the imperative of integrating BIM training into educational curricula. This
strategic move is advocated to equip future professionals with essential skills in utilizing BIM effectively. By
embedding BIM educationally, institutions aim to foster competencies necessary for leveraging its capabilities in
real-world construction project scenarios, thereby enhancing overall industry readiness and proficiency.[36]
Moreover, the benefits attributed to BIM are manifold, encompassing critical aspects such as conflict detection,
scheduling optimization, and precise cost management. BIM tools enable proactive identification of clashes,
simulate construction sequences to optimize scheduling efficiency, and provide accurate estimations for cost
control. These functionalities not only streamline project operations but also contribute significantly to mitigating
risks and enhancing overall project quality.[37]

Advocacy for standardized BIM practices emerges as another crucial theme in the literature. Standardization is
seen as pivotal for harmonizing processes across the industry, thereby improving collaboration among diverse
stakeholders and ensuring consistency in project outcomes.[38] This call for standardization underscores BIM's
potential to revolutionize project development and management practices by establishing unified norms and
procedures that enhance efficiency and effectiveness.[33]

Lastly, the proposed comprehensive frameworks for BIM-based risk management highlight its strategic role in
preemptively addressing project risks. These frameworks advocate for systematic approaches to identify, assess,
and mitigate risks throughout the project lifecycle. By integrating BIM into risk management strategies,
organizations can effectively navigate uncertainties, enhance project resilience, and optimize overall project
delivery.[39]

In conclusion, the synthesis of these scholarly perspectives underscores BIM's pivotal role in modern construction
project management. It not only enhances operational efficiency and project outcomes but also shapes educational
curricula, standard practices, and risk management strategies to propel the construction industry towards greater
innovation and sustainability.

4, Discussion

4.1 Discrepancies from previous studies indicate that

The synthesis of findings from both bibliometric analysis and content review reveals a robust understanding of the
relationship between Project Management Professional (PMP) and Building Information Modeling (BIM) in the
construction industry. The bibliometric analysis provided a quantitative overview, highlighting prevalent themes
and research trends, while the content analysis delved into the qualitative aspects, elucidating key insights and
recommendations for practice.

The integration of PMP and BIM is shown to be significant for enhancing project outcomes, emphasizing their
complementary roles rather than a synergistic interaction. While BIM enhances efficiency through advanced
visualization, simulation, and real-time tracking in project scheduling, PMP principles underpin effective
management practices across quality, cost, and time dimensions. This additive relationship underscores the
independent yet cumulative benefits of adopting both methodologies in construction project management.

4.2 Implications

The implications for theory underscore the evolving landscape of project management methodologies in
construction, where the integration of technological advancements such as BIM requires alignment with
established frameworks like PMP. This necessitates a paradigm shift towards interdisciplinary collaboration and
skill integration within educational curricula and professional development programs.[40]

From a practical standpoint, construction organizations are encouraged to strategize the integration of PMP and
BIM by aligning with organizational goals, enhancing workforce readiness, and fostering collaborative processes.
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This approach not only enhances project efficiency and stakeholder satisfaction but also mitigates risks associated
with technological implementation and change management.[41]

For future research, there is a call to explore moderating factors that influence the relationship between PMP, BIM,
and project performance beyond traditional metrics. Additionally, expanding the scope to different geographic,
sectoral, or organizational contexts will provide deeper insights into the generalizability and scalability of
integrated methodologies in diverse construction environments.[42]

Limitations by focusing on several key points, including:

The review acknowledges several limitations inherent in the current literature, including potential biases in data
sources, methodological constraints in statistical analyses, and variations in the operationalization of PMP and
BIM constructs across studies. These limitations underscore the need for rigorous empirical validation and
contextual adaptation of integrated frameworks in real-world settings.[43]

In exploring the integration of Project Management Professional (PMP) principles with Building Information
Modeling (BIM) in construction projects, several limitations come into focus. First, the review predominantly
synthesized studies within the construction industry, potentially restricting broader insights that could apply to
different sectors or varied contexts where PMP and BIM integration might manifest differently. [44]

Secondly, methodological variations across the reviewed studies, including differences in data collection
techniques and sample sizes, introduce potential biases. These variations could influence the robustness of
conclusions drawn from the analysis, affecting the overall reliability of synthesized findings.[45]

Moreover, the review's reliance on literature up to a specific date limits its ability to capture recent advancements
or evolving trends in PMP-BIM integration. Given the rapid pace of technological innovation, newer developments
in BIM applications or shifts in project management practices may not be fully reflected in the synthesized
findings.[46]

Lastly, the variability in the quality and rigor of individual studies included in the review poses another limitation.
Differences in the methodologies and standards employed across these studies may affect the validity and
generalizability of the synthesized conclusions. Thus, while the review provides valuable insights into the current
state of PMP-BIM integration in construction, these limitations underscore the need for careful consideration and
interpretation of its findings in both research and practical applications.

5. Conclusions

In summary, the synthesis of findings underscores the transformative potential of integrating PMP and BIM in
construction project management. By leveraging their respective strengths—technological innovation and strategic
management principles—organizations can optimize project outcomes, enhance collaboration, and foster
sustainable growth in the construction industry. Moving forward, embracing this integrated approach promises to
redefine industry standards, driving continuous improvement and resilience amidst evolving market dynamics.

e Summary of Key Findings

The synthesis of findings highlights the significant relationship between Project Management Professional (PMP)
principles and Building Information Modeling (BIM) in construction project management. While BIM enhances
efficiency through advanced visualization and real-time tracking, PMP principles underpin effective management
across project dimensions. The additive effects of integrating these methodologies suggest complementary rather
than synergistic benefits for project outcomes.

e Concluding Remarks

The integration of PMP and BIM represents a pivotal advancement in construction project management, fostering
enhanced collaboration, efficiency, and stakeholder satisfaction. Moving forward, it is imperative for organizations
to align strategic goals with integrated frameworks, prioritize workforce development, and navigate challenges
related to technological adoption and organizational change. Embracing this integrated approach promises to
redefine industry standards, drive innovation, and sustain competitive advantage in an increasingly complex
construction landscape.

36
DOT: https://doi.org/10.54216/1]BES.080203
Received: October 15, 2023 Revised: January 15, 2024 Accepted: May 14, 2024



https://doi.org/10.54216/IJBES.080203

International Journal of BIM and Engineering Science (I[BES) 170/ 8, No. 02 PP. 29-38, 2024

References

(1]
(2]
(3]

[4]
(5]
(6]

(7]
(8]
[0l
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]

[22]

[23]

[24]

Ahmed, S., et al., BIM performance improvement framework for Syrian AEC companies. International
Journal of BIM and Engineering Science, 2018. 1(1): p. 21-41.

Raza, M.S., et al., Potential features of building information modeling (BIM) for application of project
management knowledge areas in the construction industry. Heliyon, 2023. 9(9).

Elgendi, A.F., et al., The vulnerability of the construction ergonomics to COVID-19 and its probability
impact in combating the virus. International Journal of BIM and Engineering Science, 2021. 4(1): p. 01-
17.

Elhendawi, A., et al., Practical approach for paving the way to motivate BIM non-users to adopt BIM.
International Journal of BIM and Engineering Science, 2020. 2(2).

Elhendawi, A.l.N., Methodology for BIM Implementation in KSA in AEC Industry. Master of Science
MSc in Construction Project Management), Edinburgh Napier University, UK, 2018.

Evans, M., et al., Influence of partnering agreements associated with BIM adoption on stakeholder's
behaviour in construction mega-projects. International Journal of BIM and Engineering Science, 2020.
3(1): p. 1-20.

Kalajian, K., S. Ahmed, and W. Youssef, BIM in infrastructure projects. International Journal of BIM
and Engineering Science, 2023. 6(2): p. 74-87.

Shaban, M.H. and A. Elhendawi, Building Information Modeling in Syria: Obstacles and requirements
for implementation. International Journal of BIM and Engineering Science, 2018. 1(1): p. 42-64.
Saleh, F., et al., A Framework for Leveraging the Incorporation of Al, BIM, and 10T to Achieve Smart
Sustainable Cities. Journal of Intelligent Systems and Internet of Things, 2024. 11(2): p. 75-84.

Saleh, F., et al., An ICT-based Framework for Innovative Integration between BIM and Lean Practices
Obtaining Smart Sustainable Cities. Journal of Intelligent Systems and Internet of Things, 2024. 14(2):
p. 68-75.

Ahmed, S., et al., Possibility of applying bim in syrian building projects. Engineering for Rural
Development, 2018. 17: p. 524-530.

Ahmed, S., et al., Analyzing the change orders impact on building projects. Journal of engineering and
applied sciences, 2016. 11(7): p. 1532-1537.

Roman, A., et al., Integration of data flows of the construction project life cycle to create a digital
enterprise based on building information modeling. International Journal of Emerging Technology and
Advanced Engineering, 2022. 12(1): p. 40-50.

Al Hammoud, E., Comparing Bim Adoption Around the World, Syria’s Current Status and Furture.
International Journal of BIM and Engineering Science, 2021. 4(2): p. 64-78.

Alchoufi, S. and M. Shaaban, Proposal for a Project Management Office” PMO" in the Public
Establishment of Housing in Syria. International Journal of BIM and Engineering Science, 2023. 7(1):
p. 28-8-42.

Lepkova, N., et al., BIM implementation maturity level and proposed approach for the upgrade in
Lithuania. International Journal of BIM and Engineering Science, 2019. 2(1): p. 22-38.

Rudwan, D.Y., R. Maya, and N. Lepkova, Quality Assurance of Construction Design and Contractual
Phases in Syria Within BIM Environment: A Case study. International Journal of BIM and Engineering
Science, 2023. 6(2): p. 55-73.

Farnsworth, C.B., et al., Application, advantages, and methods associated with using BIM in commercial
construction. International Journal of Construction Education and Research, 2015. 11(3): p. 218-236.
Shker, Y. and L. Saoud, The Integration between Building Information Modelling and Scrumban. Case
Study: FD3 Commercial Building in Damascus. International Journal of BIM and Engineering Science,
2023.

Safour, R., S. Ahmed, and B. Zaarour, BIM Adoption around the World. International Journal of BIM
and Engineering Science, 2021. 4(2): p. 49-63.

Criminale, A. and S. Langar. Challenges with BIM implementation: a review of literature. in 53rd ASC
annual international conference proceedings. 2017.

Sheina, S., et al., Integration of BIM and GIS technologies for sustainable development of the
construction industry, in International School on Neural Networks, Initiated by 11ASS and EMFCSC.
2022, Springer. p. 1303-1311.

Salman, N. and M. Hamadeh, The Integration of Virtual Design and Construction (VDC) with the Fourth
Dimension of Building Information Modeling (4D BIM). International Journal of BIM and Engineering
Science (IJBES), 2023. 7(1): p. 08-27.

Abbas, A., Z.U. Din, and R. Farooqui, Integration of BIM in construction management education: an
overview of Pakistani Engineering universities. Procedia Engineering, 2016. 145: p. 151-157.

37

DOI: https://doi.org/10.54216/1]BES.080203

Received: October 15, 2023 Revised: January 15, 2024 Accepted: May 14, 2024


https://doi.org/10.54216/IJBES.080203

International Journal of BIM and Engineering Science (I[BES) 170/ 8, No. 02 PP. 29-38, 2024

[25]

[26]

[27]

[28]
[29]

[30]
[31]
(32]
[33]
[34]
[35]

[36]

[37]
(38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

[46]

Arslan, V., The Role of Certification on Project Management: Perspective of PMP Certified Project
Managers. Karaelmas Fen ve Muhendislik Dergisi, 2024. 14(1): p. 36-47.

Abrabba, S.A,, et al., A Biblio-Systematic Analysis of Factors Affecting the Compliance of Residential
Planning Standards and Regulations: A Conceptual Framework. Civil Engineering and Architecture,
2021. 9(3): p. 646-655.

Amrouni, K. and R.A. Arshah. A bibliometric analysis of the E-government studies with (UTAUT). in
Proceedings of the FGIC 2nd Conference on Governance and Integrity, Kuantan, Malaysia. 2019.
Almutairia, F.L., et al., Bibliometric Study of E-Government in Kuwait.

Edirisinghe, R. and K. London. Comparative analysis of international and national level BIM
standardization efforts and BIM adoption. in Proceedings of the 32nd CIB W78 Conference. 2015.
Barlish, K. and K. Sullivan, How to measure the benefits of BIM—A case study approach. Automation
in construction, 2012. 24: p. 149-159.

Smith, P., BIM & the 5D project cost manager. Procedia-Social and Behavioral Sciences, 2014. 119: p.
475-484.

Teo Ai Lin, E., et al., Framework for productivity and safety enhancement system using BIM in
Singapore. Engineering, Construction and Architectural Management, 2017. 24(6): p. 1350-1371.
Banawi, A., O. Aljobaly, and C. Ahiable, A comparative review of building information modeling
frameworks. International Journal of BIM and Engineering Science, 2019. 2(2): p. 23-49.

Kadi, A.J., et al., The Effect of Innovation Barriers on Construction Firms’ Innovation Orientation.
European Proceedings of Social and Behavioural Sciences.

Becker, R., et al., BIM—Towards the entire lifecycle. International Journal of Sustainable Development
and Planning, 2018. 13(1): p. 84-95.

Younes, M., Achieving optimal lighting to improve the functional performance of the museum using
computer simulation case study: Lattakia Museum in Syria. International Journal of BIM and
Engineering Science, 2022. 5(2): p. 19-37.

Hammoud, E.A., Comparing BIM adoption around the world, Syria’s current status and future.
International Journal of BIM and Engineering Science, 2021. 4(2): p. 64-78.

Ahmed, S. and P. Dlask. The Gradual Transition to BIM in Syrian Companies. in Creative Construction
Conference 2018, CCC 2018, 30 June-3 July 2018, Ljubljana, Slovenia. 2018.

Saada, M. and H. Aslan, The effectiveness of applying BIM in increasing the accuracy of estimating
quantities for public facilities rehabilitation projects in Syria after the war. International Journal of BIM
and Engineering Science, 2022. 5(2): p. 08-18.

Mashali, A., El tantawi, A.(2022). BIM-based stakeholder information exchange (IE) during the
planning phase in smart construction megaprojects (SCMPs). International Journal of BIM and
Engineering Science. 5(1): p. 08-19.

Raad, L., R. Maya, and P. Dlask, Incorporating BIM into the Academic Curricula of Faculties of
Architecture within the Framework of Standards for Engineering Education. International Journal of
BIM and Engineering Science (IJBES), 2023. 6: p. 08-28.

Ahmed, S., Inovace stavebnich procesii v Syrii pomoci BIM. 2018.

Raad, L., Maya. R, Dlask, P., 2023. Incorporating BIM into the Academic Curricula of Faculties of
Architecture within the Framework of Standards for Engineering Education. International Journal of
BIM and Engineering Science. 6(2): p. 08-280168730.

Elhendawi, A., A. Smith, and E. Elbeltagi, Methodology for BIM implementation in the Kingdom of
Saudi Arabia. International Journal of BIM and Engineering Science, 2019. 2(1).

Mrad, R., D. Jdeed, and S. Ahmed, Net-zero energy building using solar photovoltaic energy and
modeling within BIM environment: Case study of Al-Ajraf elementary school in Quneitra. International
Journal of BIM and Engineering Science, 2023. 7(1): p. 58-71.

Dalloul, F. and L. Saoud, Proposing a framework for introducing the concept of engineering digitization
to develop curricula: case study-Tishreen University, Faculty of Civil Engineering. International Journal
of BIM and Engineering Science, 2023. 6(1): p. 34-51.

38

DOI: https://doi.org/10.54216/1]BES.080203

Received: October 15, 2023 Revised: January 15, 2024 Accepted: May 14, 2024


https://doi.org/10.54216/IJBES.080203

