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ABSTRACT

Building Information Modeling (BIM) serves as an innovative technology in the construction industry, playing a significant role in improving project management
processes. This research aims to examine the impact of BIM on optimizing cost, time, quality, and team collaboration in construction projects. A mixed-method
approach, incorporating both quantitative and qualitative data, has been utilized for this purpose. The results indicate that the use of BIM leads to a reduction of 20
to 30 percent in execution costs, an improvement of 15 to 25 percent in project scheduling, and increased productivity through the reduction of rework and
optimization of stakeholder interactions. Furthermore, qualitative analysis reveals that BIM enhances decision-making in construction projects by creating
information transparency, simulation capabilities, and intelligent data management. However, challenges such as initial implementation costs, the need for
specialized training, and organizational resistance are considered major barriers to the widespread adoption of this technology. Therefore, it is recommended that
organizations active in the construction industry develop clear strategies for implementing BIM and create educational and technical infrastructure to facilitate
broader acceptance and use of this technology.
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Introduction

Project management, especially in the construction industry, has always faced challenges such as delays in scheduling, rising costs, inefficiencies in
coordination among stakeholders, and poor resource management. These issues often arise due to the inherent complexities of construction projects and
the lack of integrated tools for managing information (Marques et al., 2023). In recent years, Building Information Modeling (BIM) has attracted
significant attention as an innovative technology and integrated approach aimed at improving project management processes. BIM provides a three-
dimensional digital model encompassing comprehensive project information, enabling more accurate planning, reducing errors, and increasing
collaboration among project teams (Pan et al., 2021).

The importance of using BIM in project management is undeniable due to its ability to address the complex challenges of the construction industry and
enhance process efficiency. This technology not only improves accuracy in design and execution (Abdelalim et al., 2025) but also contributes to reducing
resource waste and enhancing project sustainability (Ahmad et al., 2024). According to a report by McGraw-Hill Construction (2012), over 70 percent
of companies using BIM reported significant improvements in stakeholder coordination and reductions in rework. Additionally, a study by Liao et al.
(2021) shows that BIM-equipped projects experienced up to a 20 percent reduction in execution costs and up to a 33 percent improvement in scheduling.
These statistics attest that BIM is not only a design tool but also a strategic approach for integrated project management. Beyond quantitative benefits,
BIM facilitates the simulation and analysis of various project scenarios, allowing project managers to anticipate and address potential issues before they
arise (Alzoubi et al., 2022). For instance, BIM's clash detection capability can significantly reduce costs associated with design errors. On a larger scale,
the use of BIM enhances transparency and accountability, fostering trust among stakeholders and ultimately contributing to the success of large projects
(Mani et al., 2024). In a world where construction projects are becoming increasingly complex, adopting such technologies is not only a competitive
advantage but also a necessity for survival in the industry.

This research aims to explore the role of BIM in enhancing project management processes with a focus on aspects such as time management, cost, quality,
and team collaboration. In this regard, efforts will be made to analyze the capabilities of BIM and provide evidence of its impact on increasing project
efficiency while proposing a framework for effective implementation of this technology. This article will further review the research background,
methodology, analysis of BIM's role, and finally present results and recommendations to provide a comprehensive perspective in this field.
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Research Background

Building Information Modeling (BIM), as a novel approach in the construction industry, has garnered attention from researchers and professionals in
recent decades. This technology aims to improve project management and enhance process efficiency, having been examined in numerous domestic and
international studies. In the following, some of the most important backgrounds related to the topic will be mentioned in two categories: domestic and
foreign, along with a brief analysis of each.

Domestic Background

Recent domestic studies have shown an increasing attention to Building Information Modeling (BIM) as a tool for improving project management in
construction projects. These studies have examined various aspects of BIM application, from safety and cost to scheduling and coordination.

Veisi et al. (2023) investigated the role of BIM in managing temporary housing projects after disasters using an integrated modular construction (MiC)
approach. They identified and prioritized BIM applications in four stages and demonstrated through modeling a case study and developing five dedicated
software applications that BIM is effective in improving three-dimensional visualization, team coordination, prefabrication, assembly training, logistics,
cost estimation, and clash detection (Veisi et al., 2023). This research emphasizes the necessity of digital technologies in crises.

Rahimi Khabushan and Pehlavan (2023) examined the impact of BIM and project management on reducing project time and costs. They argued that
despite the high efficiency of project management, its coherent use in Iran is limited. The results showed that BIM plays a key role in project success by
increasing accuracy and speed in cost management and reducing delays (Rahimi Khabushan Pehlavan, 2023). This study focuses on the execution gap
in Iran.

Sedagati et al. (2023) introduced BIM as an innovative technology that supports projects from design to operation. By examining the reasons for the low
adoption of BIM in Iran, they indicated that despite the emphasis on its use, the effectiveness of this technology in the construction industry has not been
fully realized (Sedaqati et al., 2023). This research points to cultural and structural barriers in adopting BIM.

Salami and Vasali Sardroud (2022) evaluated the application of BIM in managing safety in construction projects. Findings indicated that BIM improves
site safety by identifying hazards during the design phase and creating a collaborative environment, thereby reducing costs and time (Salami Vasali
Sardroud, 2022). This study focuses on safety aspects as a key advantage.

Partovi et al. (2022), through a case study of contracting companies in West Azerbaijan, examined the impact of BIM on reducing project overhead costs.
They found that despite known benefits, BIM is less utilized due to barriers such as a lack of training and organizational resistance (Partovi et al., 2022).
This research emphasizes operational challenges.

Eghrariyan (2022) introduced BIM as a solution for integrated project management and emphasized the necessity of incorporating it with standards such
as PMBOK. He showed that the level of BIM implementation depends on the client's needs and the type of project, and this technology can transform
project processes (Eghrariyan, 2022). This study provides a global and practical perspective.

These backgrounds indicate that BIM is recognized in Iran as a tool for improving various aspects of project management; however, its practical use faces
obstacles. Domestic research is often case-based and focused on specific aspects (such as safety or cost), with less attention given to comprehensive
frameworks.

Foreign Background

Foreign research in the field of Building Information Modeling (BIM) demonstrates the growing role of this technology in improving project management
processes. Various studies have explored diverse aspects of its application, from training and implementation to benefits and challenges of BIM.

Scheffer et al. (2018) introduced BIM as a tool for "better information management" and emphasized the importance of organizing information needs in
complex projects with multiple stakeholders. They proposed information models for data exchange at various stages of the project using 1ISO 19650
standards, arguing that the high quality of information produced by BIM makes project management more efficient. This research focuses on structuring
informational processes.

Peterson et al. (2011) examined the experience of using BIM in teaching project management for construction projects. They demonstrated that BIM
allows students to learn formal project management methods in practice by simulating real project conditions. This tool also facilitated change
management and optimization of planning, providing a better understanding of method integration. This study emphasizes the educational aspect of BIM,
although it addresses less about practical applications in the industry.

Sampaio (2022) examined the role of the BIM manager in implementing this technology in work environments. He argued that the centralization of
information by the BIM manager improves collaboration among professionals and controls the Level of Development (LOD) of the models. This research
also linked the maturity level of organizations in using BIM to government policies and team collaboration, demonstrating that the success of BIM
depends on the coordination of processes. This study offers a practical and organizational perspective.
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Mesaro$ and Mandicak (2017) analyzed the impact of BIM on project management in construction companies in Slovakia. They defined BIM as a process
for managing data throughout the project lifecycle that improves cost management, scheduling, and sustainability. By examining real companies, this
study showed that BIM, as a communication and information tool, enhances project efficiency. The focus of this research is on operational benefits.

The Role of BIM in Project Management

Building Information Modeling (BIM), as an innovative technology in the construction industry, has a significant impact on improving project
management processes. By digitizing project information, this technology increases accuracy in planning, reduces costs, improves quality, and facilitates
collaboration among stakeholders. In this section, the role of BIM in project management is examined with a focus on four main indicators: time
management, cost management, quality management, and team collaboration.

One of the fundamental challenges in managing construction projects is time delays, which can lead to increased costs and reduced productivity. Research
has shown that the use of BIM can reduce project delays by up to 33 percent. One of the most important roles of BIM in improving project scheduling is
4D planning (4D BIM), which combines three-dimensional models with time scheduling to simulate the execution process and detect potential delays
early. Additionally, BIM analyzes the impact of task dependencies, assessing how delays in one activity affect other parts of the project and implementing
corrective actions before issues arise. Furthermore, through its clash detection capabilities, BIM reduces rework and optimizes execution processes.

Unexpected and additional costs are among the biggest problems in construction projects that can increase financial pressure on employers. Studies have
shown that projects utilizing BIM have experienced up to a 20 percent reduction in operational costs. One of the key advantages of BIM in this regard is
5D planning (5D BIM), which adds a cost dimension to the three-dimensional model, allowing for analysis and management of costs at various stages of
the project. Moreover, BIM improves the accuracy of cost estimates and enables assessment of design changes before implementation. This capability
helps prevent additional costs arising from sudden modifications. Additionally, through precise modeling, material consumption is optimized, and
resource waste is minimized.

Quality management is another key dimension of construction projects influenced by precise design, execution processes, and quality control. Studies
indicate that BIM can reduce execution errors by up to 50 percent. One of the most significant benefits of BIM in enhancing quality is its ability to detect
design clashes before execution, preventing quality issues and costly modifications. Furthermore, BIM facilitates simulation and analysis of building
performance, aiding in structural behavior assessment, energy consumption analysis, and predicting technical performance. The creation of accurate
documents and execution plans also leads to reduced disputes and increased precision in project execution. Additionally, utilizing three-dimensional
models in BIM helps identify hazardous points, thereby increasing the safety of workers and other project members.

One of the biggest challenges in construction projects is the lack of coordination among different teams, including architects, engineers, project managers,
and clients. BIM improves team collaboration by creating a shared information platform and facilitating data exchange processes. A key feature of BIM
in this area is the establishment of a Common Data Environment (CDE), where all project information is stored in a single database and updated
simultaneously among team members. This feature streamlines version management for designs and prevents issues arising from using outdated drawings.
Additionally, BIM tools facilitate effective communication among team members and reduce the need for unnecessary in-person meetings, which leads
to increased productivity and reduced project management costs. Overall, Building Information Modeling (BIM) is a powerful tool for improving the
management of construction projects, optimizing time, cost, quality, and team coordination. Given the significant role of this technology in the
construction industry, widespread use of BIM in construction projects can lead to increased productivity, reduced risks, and improved overall project
performance.

Methodology

The methodology of this research is designed to examine the impact of Building Information Modeling (BIM) on improving cost, time, quality, and team
collaboration. To achieve this goal, a mixed-method approach incorporating both qualitative and quantitative data has been utilized. Qualitative data
addressed the challenges and barriers to using BIM, while quantitative data assessed the impacts of this technology on the performance of construction
projects.

Data Collection Methods

To gather the necessary data, three main methods were employed. First, a literature review was conducted, examining over 100 scholarly articles,
specialized books, and international reports related to BIM and project management. This study helped identify key concepts, emerging trends, and the
implementation challenges of this technology. Second, a field survey was conducted that included distributing 200 questionnaires and conducting 30 in-
depth interviews with construction industry professionals, project managers, and BIM experts. This method allowed for the collection of empirical data
from individuals involved in construction projects. Third, case studies were carried out involving an examination of 10 large construction projects
equipped with BIM and comparing them with projects executed without this technology. This comparison aided in extracting real data regarding the
impact of BIM on key project management variables.
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Statistical Population and Sampling

The statistical population of this research includes construction companies, engineering offices, and BIM specialists in Iran. A purposive sampling method
was used to select the sample, ensuring that only individuals with at least 5 years of experience in BIM and project management participated in this
research. In total, 150 specialists were selected, and the necessary data were collected from them.

Data Collection Tools

Three main tools were used for data collection. First, a questionnaire consisting of 25 closed and open-ended questions was designed to measure awareness
levels, challenges, and benefits of BIM in project management. Second, semi-structured interviews with 15 key questions were conducted to gain deeper
insights into experts' perspectives on the implementation and effectiveness of BIM. Finally, document analysis of completed projects using BIM was
performed, comparing them with 10 traditional projects to examine changes resulting from this technology.

Data Analysis Methods

In the data analysis section, both quantitative and qualitative approaches were utilized. For quantitative analysis, questionnaire data were examined using
SPSS software, employing tests such as independent t-tests, ANOVA (Analysis of Variance), and regression modeling to assess relationships among
variables. Additionally, qualitative data obtained from interviews were analyzed using thematic analysis to identify key patterns and challenges related
to BIM. Furthermore, in the comparative analysis section, data from BIM-focused projects were compared with traditional projects to evaluate differences
in terms of time, cost, quality, and team collaboration.

Validity and Reliability of the Research
To assess the validity and reliability of the research, recognized scientific indicators were used. To evaluate the reliability of the questionnaire, Cronbach's

alpha coefficient was calculated, yielding a value of 0.85, indicating a high level of reliability. Additionally, for validating the data collection tools,
content validity was assessed with input from 10 industry experts in construction, which enhanced the accuracy of the measurement tools.

Research Limitations

This research faced several operational limitations. One of the most significant challenges was data limitations due to a lack of access to certain
organizational information and documentation related to executed projects. Moreover, organizational resistance to adopting BIM and some companies'
unwillingness to provide accurate information created obstacles in collecting comprehensive data. Technical challenges, including the complexity of BIM
software and the need for specialized training to fully utilize its capabilities, were other barriers encountered in the research. In addition, due to time and
spatial limitations, the number of samples examined may affect the generalizability of the results.

Results and Discussion

The findings of this research indicate that Building Information Modeling (BIM) has a significant impact on improving project management processes,
leading to reduced execution time, decreased costs, increased construction quality, and improved team collaboration. Analysis of the data collected from
construction projects shows that the use of BIM has been able to mitigate many traditional project management challenges and enhance overall project
performance.

Improvement in Project Execution Time

One of the most important results of this research is the reduction in the execution time of construction projects through the use of BIM. According to the
collected data, the use of this technology has led to a decrease in average project delays by 25 to 35 percent. Four-dimensional planning (4D BIM), which
allows for simulating project execution phases, has contributed to reducing unnecessary times and optimizing scheduling. This has increased accuracy in
project timing predictions and reduced risks associated with delays.

Reduction in Project Costs

The results of this research show that BIM has a direct impact on reducing project costs. Data analysis revealed that the use of this technology can reduce
overall project costs by 15 to 25 percent. One of the main reasons for this reduction is the utilization of five-dimensional planning (5D BIM) for financial
management and precise cost control. Additionally, reducing rework, optimizing material consumption, and minimizing execution errors are other factors
contributing to cost reduction.
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Improvement in Construction Quality

The findings of the research indicate that BIM plays an effective role in enhancing construction quality. More than 60 percent of professionals participating
in this study acknowledged that the use of this technology has led to a decrease in design and execution errors. Furthermore, the rate of design and
execution conflicts in BIM-focused projects was found to be up to 50 percent lower than in traditional projects. This improvement is attributed to the
capabilities of three-dimensional modeling and the ability to identify conflicts before the commencement of execution operations, which reduces the need
for corrections and increases accuracy in project execution.

Improvement in Team Collaboration and Coordination Among Stakeholders

Another significant result of this research is the positive impact of BIM on team collaboration and coordination among project stakeholders. The use of
a Common Data Environment (CDE) in BIM-focused projects has resulted in a 40 percent reduction in errors caused by information misalignment. This
has improved communication between design, execution, and project management teams and prevented problems arising from a lack of coordination.
Additionally, the use of this technology has led to a decrease in unnecessary meetings and increased efficiency in decision-making processes.

Indicators Results and Impact of BIM

Reduction in project execution time Reduction of delays by 25 to 35 percent through four-dimensional
planning (4D BIM)

Reduction in project costs Overall project cost reduction by 15 to 25 percent due to optimized
financial management and reduced rework

Improvement in construction quality A decrease in design and execution errors by up to 60 percent and a
reduction in design conflicts by 50 percent through three-dimensional
modeling

Improvement in team collaboration 40 percent reduction in errors caused by information misalignment and

increased communication efficiency among project teams using a
Common Data Environment (CDE)

Conclusion and Recommendations
Conclusion:

This research examined the impact of Building Information Modeling (BIM) on improving project management processes and demonstrated that this
technology plays a crucial role in enhancing efficiency, reducing costs, optimizing scheduling, and improving the quality of construction projects. The
findings indicate that BIM improves collaboration among project stakeholders by creating a shared digital platform and minimizes errors and rework
through capabilities such as simulation, conflict detection, and intelligent data management. Analysis of quantitative and qualitative data shows that
projects utilizing BIM have experienced an average reduction of 20 to 30 percent in execution costs and a 15 to 25 percent improvement in scheduling.
Furthermore, one of the most significant achievements of BIM is the enhancement of information transparency and data-driven decision-making at all
stages of the project. However, challenges such as initial implementation costs, a shortage of skilled personnel, and organizational resistance are among
the main barriers to the widespread adoption of this technology in Iran's construction industry.

Recommendations:

Based on the results obtained from this research, it is recommended that organizations active in the construction sector develop specific strategies for
implementing BIM and utilize government support and international standards to expedite this process. Additionally, developing specialized training
courses and cultivating skilled human resources for working with BIM tools can significantly reduce organizational resistance and increase the adoption
rate of this technology. In addition, it is recommended that contracting and consulting companies assess the operational benefits of BIM in real
environments by conducting feasibility studies and implementing pilot projects, and based on the results obtained, gradually prepare their organizational
infrastructures for its full implementation. Ultimately, policymakers in the construction industry must consider incentives for the use of BIM in
government projects to enhance efficiency and reduce national costs while moving towards the digitization of project management processes.
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