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ABSTRACT 

 

Today's construction industry is undergoing a profound transformation driven by 

advancing technologies and methodologies. At the forefront of this evolution lies Building 

Information Modeling (BIM), a pivotal tool shaping the planning, design, production, and 

management phases of construction projects. With a growing emphasis on efficiency and 

speed, modern and modular construction systems have emerged as compelling options for 

firms seeking streamlined project execution. This study aims to explore the integration of 

modular construction systems with BIM technology and assess its impact on project 

management and quality control processes. Within this research scope, fundamental 

concepts of BIM technology and modular construction methodologies are meticulously 

examined. Furthermore, the study delves into the potential synergies between BIM and 

modular construction systems in enhancing project management and ensuring quality 

outcomes. Drawing insights from the Scopus database, the study conducts a 

comprehensive review of the existing literature on building information modeling (BIM), 

employing bibliometric and systematic literature review methods. Through meticulous 

analysis and examination of the gathered articles, the study addresses the question of how 

the principles of the PDCA (Plan-Do-Check-Act) cycle are employed to complete the 

quality management cycle. Despite the wealth of research in this area, there remains a 

notable gap in the literature regarding concrete evidence of the efficacy of this integration 

in improving project quality. As a result, this thesis underscores the potential benefits of 

integrating modern and modular construction systems with BIM technology for project 

management and quality assurance. However, it also highlights the need for further 

research to delve deeper into the implementation of this integration across diverse 

construction projects. 
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ÖZET 

 

Günümüz inşaat sektörü, gelişen teknoloji ve metodolojilerin etkisiyle derin bir dönüşüm 

yaşıyor. Bu evrimin ön saflarında inşaat projelerinin planlama, tasarım, üretim ve yönetim 

aşamalarını şekillendiren önemli bir araç olan Yapı Bilgi Modellemesi (BIM) yer alıyor. 

Verimlilik ve hıza verilen önemin giderek artmasıyla birlikte, modern ve modüler inşaat 

sistemleri, proje uygulamasını kolaylaştırmak isteyen firmalar için cazip seçenekler olarak 

ortaya çıkmıştır. Bu çalışma, modüler inşaat sistemlerinin BIM teknolojisiyle 

entegrasyonunu araştırmayı ve bunun proje yönetimi ve kalite kontrol süreçleri üzerindeki 

etkisini değerlendirmeyi amaçlamaktadır. Bu araştırma kapsamında BIM teknolojisinin 

temel kavramları ve modüler inşaat metodolojileri titizlikle incelenmektedir. Ayrıca 

çalışma, proje yönetimini geliştirme ve kaliteli sonuçlar sağlama konusunda BIM ile 

modüler inşaat sistemleri arasındaki potansiyel sinerjiyi de araştırıyor. Scopus veri 

tabanından içgörüler elde eden çalışma, bibliyometrik ve sistematik literatür tarama 

yöntemlerini kullanarak bina bilgi modellemesi (BIM) hakkındaki mevcut literatürün 

kapsamlı bir incelemesini gerçekleştiriyor. Toplanan makalelerin titiz bir şekilde analiz 

edilmesi ve incelenmesi yoluyla çalışma, kalite yönetimi döngüsünü tamamlamak için 

PDCA (Planla-Uygula-Kontrol Et-Önlem Al) döngüsünün ilkelerinin nasıl kullanıldığı 

sorusunu ele alıyor. Bu alandaki araştırmaların zenginliğine rağmen, literatürde bu 

entegrasyonun proje kalitesinin iyileştirilmesindeki etkinliğinin somut kanıtlarına ilişkin 

dikkate değer bir boşluk bulunmaktadır. Sonuç olarak bu tez, proje yönetimi ve kalite 

güvencesi için modern ve modüler inşaat sistemlerini BIM teknolojisiyle entegre etmenin 

potansiyel faydalarının altını çiziyor. Bununla birlikte, bu entegrasyonun çeşitli inşaat 

projelerinde daha derinlemesine uygulanmasına yönelik daha fazla araştırmaya duyulan 

ihtiyacın da altını çiziyor. 
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1. INTRODUCTION 

 

Research question and purpose 

 

In today's rapidly evolving construction industry, influenced by swift technological 

advancements and changing work methodologies, a significant transformation is 

underway. At the heart of this transformation lies Building Information Modeling (BIM), a 

technology that fundamentally reshapes the management, design, and implementation of 

construction projects. Simultaneously, modern construction approaches have gained 

prominence, aiming to achieve swift and efficient project completion, with modular 

construction systems taking a prominent position. This thesis work has been conducted 

under the title "Quality Management Processes Through the Integration of BIM Approach 

with Modular Construction Systems" with the aim of examining the effects of integrating 

modern construction systems with BIM technology on project management and quality 

management processes. 

 

The fundamental question of this research is: How does the integration of modern and 

modular construction systems with BIM technology contribute to project management and 

quality management processes? Within the framework of this fundamental question, the 

main objective of the research is to investigate how the integration of modular construction 

systems with BIM technology makes a difference in the management and quality of 

construction projects, and to evaluate the potential advantages and challenges of this 

integration.  

 

Derived from bibliometric and systematic analyses of 19 articles sourced from the Scopus 

database, this study formulates six hypotheses regarding the capacity of BIM to augment 

quality in modular construction. To sharpen the study's focus and comprehend its 

objectives better, underlying primary inquiries have been identified for each hypothesis. 

Therefore, for each hypothesis, a sub-research question has been formulated. These 

questions will aid in gaining a deeper understanding of the impact of BIM and modular 

construction on quality and will assist in achieving the overarching aim of the study. These 

sub-research questions will be utilized to delve into further detail in the structural and 

analytical sections of the study. Below are the hypotheses and questions. 
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Hypothesis 1: Improved efficiency and reduced delays 

 

Sub-Research Question: What is the effect of BIM usage in modular construction on 

improving efficiency and reducing delays? 

 

Hypothesis 2: Expenditure control and logistics management 

 

Sub-Research Question: How does the utilization of BIM in modular construction projects 

affect expenditure control and logistics management? 

 

Hypothesis 3: Enhanced communication and information management 

 

Sub-Research Question: How does the implementation of BIM in modular construction 

enhance communication and information management? 

 

Hypothesis 4: Holistic approach throughout the construction life cycle 

 

Sub-Research Question: Should the integration of BIM and modular construction be 

studied for promoting a holistic approach throughout the construction life cycle? 

 

Hypothesis 5: Enhanced collaboration and stakeholder engagement 

 

Sub-Research Question: What is the significance of collaboration and stakeholder 

engagement in BIM and modular construction projects? 

 

Hypothesis 6: Improved quality through cost management 

 

Sub-Research Question: How can the impact of BIM usage on cost management be 

measured? 

 

Additionally, the research went deeper by subjecting the identified articles to analysis 

through the PDCA (Plan-Do-Check-Act) cycle, in addition to formulating hypotheses 

based on information obtained from the Scopus database. This systematic review aimed to 

evaluate the completeness and effectiveness of quality management processes outlined in 
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the literature. Conducted in accordance with these objectives and sub-objectives, this thesis 

work aims to shed light on how the integration of BIM technology with modern 

construction approaches enables the creation of more efficient and effective projects, 

shaping the future of the construction industry. The findings of this thesis will provide 

essential guidance to stakeholders and researchers on how to seamlessly integrate BIM 

technology with modern construction approaches. 

 

Through meticulous examination, this research seeks to render visible the transformative 

potential that resides within the convergence of BIM and contemporary construction 

practices. It endeavors to shed a clarifying light on the ways in which BIM can be 

harnessed as a catalyst for innovation, efficiency, and qualitative advancement throughout 

the construction industry. By meticulously scrutinizing the multifaceted facets of this 

integration, this study aspires to contribute a profound and enduring impact upon the 

construction domain, serving as a lighthouse that guides practitioners, policymakers, and 

academia toward a future characterized by more sustainable, cost-efficient, and 

qualitatively superior construction practices. 

 

In this expansive endeavor, the research traverses an intricate landscape, delving into the 

intricacies of BIM, the dynamics of modern construction systems, the nuances of modular 

construction, and the intricate web of interrelationships among these elements. Through 

this journey, it aspires to paint a comprehensive portrait of the potential transformations 

and innovations that can be realized through the integration of BIM with contemporary 

construction systems, ultimately offering a panoramic view of a construction industry 

poised to meet the challenges and opportunities of the 21st century. 

 

Significance of the study 

 

In the present day, the construction industry is undergoing a significant evolution driven by 

rapid technological advancements and changing customer demands. At the center of this 

evolution is the rising importance of Building Information Modeling (BIM) technology. 

BIM offers an integrated approach to efficiently manage, design, and implement 

construction projects. Especially in large and complex projects, BIM technology enhances 

collaboration, data sharing, and management, ultimately reducing costs, shortening 

timelines, and improving quality. 
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However, this transformation in the construction sector is not solely limited to BIM 

technology. Modern construction approaches have also gained considerable popularity. 

These approaches aim to complete projects swiftly and efficiently, optimizing resource 

utilization and designing projects that align with sustainability principles. Modular 

construction systems, in particular, stand out as an approach where pre-manufactured 

modules are assembled to create structures. This approach accelerates the construction 

process while also offering advantages such as reduced waste production and enhanced 

energy efficiency. 

 

This thesis work, conducted under the title "Quality Management Processes Through the 

Integration of BIM Approach with Modular Construction Systems" explores the potential 

benefits created in the construction sector through the integration of modern construction 

approaches with BIM technology. The significance of this research is focused on two main 

aspects: 

 

Firstly, considering the complexity and cost of construction projects, the development of a 

more efficient and effective approach to project planning, construction, and management is 

of critical importance for the future of the sector. This thesis presents a significant research 

opportunity to understand how the integration of modern construction systems with BIM 

technology optimizes project processes and contributes to achieving better project 

outcomes. 

 

Secondly, designing and implementing construction projects in line with sustainability and 

quality standards are gaining increasing importance. The fusion of BIM technology and 

modern construction approaches can play a pivotal role in achieving goals such as 

improved energy efficiency, reduced waste production, and higher construction quality. 

Through illuminating how integrated BIM and modern construction systems contribute to 

sustainability and quality management, this research can assist the sector in progressing 

towards these objectives. 

 

In conclusion, the thesis titled "Quality Management Processes Through the Integration of 

BIM Approach with Modular Construction Systems" explains the significance of the 

research by demonstrating how the amalgamation of modern construction systems with 

BIM technology can aid the construction industry in producing projects that are more 
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efficient, sustainable, and of higher quality. The findings of this thesis will assist relevant 

stakeholders and researchers in gaining a better understanding of the positive impacts of 

integrating modern construction systems with BIM technology on the future of the sector. 

 

The significance of this research study is underscored by its potential to catalyze 

transformative changes within the construction industry, offering a beacon of guidance and 

innovation to various stakeholders including practitioners, policymakers, and the academic 

community. 

 

Method of research 

 

This study delves into an exploration of the current landscape and future trajectories within 

the realm of Building Information Modeling (BIM) by drawing insights from the Scopus 

database. Employing a comprehensive approach, the investigation combines bibliometric 

and systematic literature review (SLR) methodologies, leveraging co-occurrence and co-

citation analyses. Initially, 343 academic documents were meticulously sourced from the 

Scopus database, and subsequent analyses involved scrutinizing pertinent keywords and 

employing network visualization to unravel patterns in research interconnections. 

 

Within this expansive dataset, a notable subset of 229 documents emerged after focusing 

solely on those relevant to construction projects. Further refinement identified 179 

documents specifically related to BIM and modular construction. A more focused 

examination, encapsulated in 46 articles, underscored the argument that the integration of 

BIM into modular construction systems within the construction industry serves to enhance 

quality. A more focused review from this pool led to the selection of 19 of the 46 articles 

that formed the basis of analysis in this study. This assertion, in turn, advocates for the 

imperative of further exploration in this domain to augment the likelihood of successful 

outcomes in information modeling projects within the construction landscape (Figure 1.1). 

 

It is noteworthy to mention that this review exclusively concentrates on academic 

documents gleaned from the Scopus database, thereby delineating the scope of the 

literature under scrutiny to topics specific to building information modeling, modular 

construction, and quality considerations. 
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In addition, this study goes beyond by delving into the hypotheses generated from the 

analysis of 19 selected articles. These hypotheses were scrutinized through the PDCA 

(Plan-Do-Check-Act) cycle, revealing insights into the enhancement of quality despite the 

limited existing studies in this domain. Recommendations were then put forth based on the 

constructed quality cycle, contributing to the advancement of research in the integration of 

BIM and modular construction for improved quality outcomes. This multifaceted approach 

reinforces the significance of further exploration and development in this evolving field. 

 

In essence, this study contributes to the broader understanding of BIM's impact on modular 

construction, laying the foundation for future research initiatives and emphasizing the 

importance of ongoing exploration in this evolving field. The identified patterns, insights, 

and recommendations collectively underscore the potential for BIM to play a pivotal role 

in shaping the future landscape of quality improvement within the construction industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Flow diagram of the thesis  
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2. LITERATURE REVIEW 

 

In contemporary construction landscapes, the demand for sustainable, cost-efficient, and 

high-quality construction practices has surged to the forefront. This heightened demand 

stems from the growing recognition of the construction sector's pivotal role in addressing 

global challenges, including urbanization, resource scarcity, and environmental 

sustainability [1]. Within this dynamic context, the integration of Building Information 

Modeling (BIM) technology with modern construction systems, particularly modular 

construction, emerges as a timely and imperative subject of exploration. 

 

At the core of this study lies the aspiration to address pressing industry needs by providing 

comprehensive insights into the potential synergies and benefits of integrating BIM with 

modular construction. As construction projects grow in complexity and scale, the need for 

innovative solutions becomes increasingly pronounced. The integration of BIM technology 

is positioned as a pivotal solution to meet these evolving needs. 

 

The research study's significance is multifaceted, spanning several key dimensions: 

 

Enhanced construction practices 

 

The findings and insights generated by this research are poised to influence construction 

practices profoundly. By illuminating the potential advantages and challenges of 

integrating BIM with modular construction, this study offers a roadmap for practitioners to 

enhance their project delivery methods [2,3]. 

 

Cost savings 

 

The cost efficiency that can be realized through BIM integration holds significant financial 

implications for the construction industry. This study's significance is underscored by its 

potential to unveil opportunities for cost savings, whether through reduced project 

timelines, minimized rework, or optimized resource allocation [4,5,6]. 
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Timely project delivery  

 

As the construction sector grapples with the need for timely project delivery, the 

integration of BIM with modular construction offers a means to streamline processes and 

shorten project durations [7,8]. By addressing this critical issue, this research holds 

significant promise in enhancing overall project efficiency. 

 

Quality assurance 

 

Quality management is a non-negotiable aspect of construction projects, and this study's 

significance lies in its potential to elevate quality standards. Through BIM's capabilities in 

real-time inspection and verification, it becomes possible to minimize defects and errors, 

ultimately improving construction quality [9,10]. 

 

Environmental sustainability 

 

In an era marked by a growing emphasis on sustainability, this research's significance 

extends to its potential to align construction practices with environmental objectives. By 

optimizing resource utilization and minimizing waste, BIM integration within modular 

construction can contribute to more sustainable building processes [11]. 

 

Academic advancement 

 

Within the academic realm, this research offers a foundation for further inquiry and 

exploration. Its significance is underlined by its potential to inspire future research 

endeavors, enabling a deeper understanding of the evolving dynamics within the 

construction industry [12]. 

 

In summation, the significance of this research study resides in its capacity to transcend the 

boundaries of the theoretical and practical realms, offering tangible benefits and innovative 

pathways to stakeholders in the construction industry. By addressing the pressing needs 

and challenges of the construction sector, this study aspires to serve as a cornerstone for 

constructive change and progress within the industry, positioning itself as a lodestar 
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guiding the industry toward a future characterized by enhanced efficiency, sustainability, 

and quality [13]. 

 

This study delves into the integration of Building Information Modeling (BIM) with 

modern construction systems, representing a significant paradigm shift in the industry. It 

provides a comprehensive review of existing literature, examining fundamental concepts of 

BIM technology, characteristics of modern construction systems, the advantages and 

limitations of modular construction, and the potential synergy between BIM and modular 

construction systems. 

 

2.1. BIM and Modern Construction Systems: Definitions and Characteristics 

 

Building Information Modeling (BIM) and modern construction systems represent two 

integral components of contemporary construction practices. This section provides a 

comprehensive overview of both BIM technology and the essential characteristics defining 

modern construction systems, setting the foundation for understanding their integration. 

 

Building Information Modeling (BIM) emerges as one of the most distinct reflections of 

digital transformation in the construction sector. BIM presents a data-driven approach 

encompassing the entire lifecycle of buildings from design to operation. On the other hand, 

modern construction systems can be defined as innovative and integrated approaches that 

go beyond traditional methods, offering features such as rapid production, flexibility, 

sustainability, and cost-effectiveness. This literature review explores the definitions and 

characteristics of BIM and modern construction systems while discussing the impact of 

their convergence on the construction sector. 

 

Building Information Modeling (BIM) is a technology that offers a data-driven approach in 

various stages of construction projects, ranging from design to operation [14]. Going 

beyond 3D modeling, BIM integrates all project data. These data can go beyond geometric 

information and include parameters such as time, cost, materials, and energy. BIM 

enhances data sharing and collaboration among all stakeholders, reducing errors and 

unnecessary costs [15]. The utilization of BIM enables rapid decision-making during the 

construction phase, early detection of clashes, and data-driven decision-making during the 

operation phase [16]. 
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The core concepts of BIM establish the foundation for a more effective, data-focused, and 

collaborative approach within the construction sector [17]. These concepts contribute to 

better project planning, reduced errors, improved communication, and efficient 

management throughout a project's entire lifecycle [18]. BIM's fundamental concepts 

enable the realization of more sustainable and innovative projects within the construction 

industry [19]. 

 

Modern construction systems, on the other hand, go beyond traditional construction 

methods and offer innovative and integrated structures that highlight characteristics such as 

rapid production, flexibility, sustainability, and cost-effectiveness [20]. Concepts like 

modular construction, prefabrication, and premanufacturing form the foundation of modern 

construction systems. Modular construction involves manufacturing building elements in 

factories and assembling them on-site, shortening construction time while improving 

quality control and reducing waste [21]. Prefabrication refers to the assembly of buildings 

using pre-manufactured components. This method significantly reduces construction time 

and can enhance design flexibility [22]. 

 

The combination of BIM and modern construction systems enables more effective and 

efficient management of construction projects. BIM's data-driven approach can facilitate 

the integration of modular or prefabricated elements during design, production, and 

assembly stages. Additionally, it can enhance communication and collaboration among 

project stakeholders, leading to reduced errors and costs. 

 

In conclusion, BIM and modern construction systems are representatives of digitization 

and innovative approaches in the construction sector. The convergence of these two 

concepts can facilitate more effective, efficient, sustainable, and cost-effective 

management of construction projects. With further integration of BIM and modern 

construction systems in the future, significant transformations and improvements are 

anticipated in the construction sector. 

 

2.1.1. Fundamental concepts of BIM technology 

 

Building Information Modeling (BIM) represents a transformative technological 

innovation within the construction industry. At its core, BIM is a digital approach to 
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design, construction, and project management that involves creating and managing a three-

dimensional digital representation of a building's physical and functional characteristics 

[23]. This digital model serves as a comprehensive repository of information, 

encompassing not only the building's geometric attributes but also data related to materials, 

systems, performance, and more [24]. 

 

BIM's core principles encompass object-based modeling, parametric design, and data 

interoperability [25,26]. Object-based modeling involves creating intelligent, data-rich 

building components that can be interacted with and analyzed throughout a project's 

lifecycle [27,28]. Parametric design allows for the establishment of relationships and 

constraints among components, ensuring that changes are propagated throughout the model 

[29,30]. Data interoperability ensures that BIM models can seamlessly exchange 

information with various software applications, fostering collaboration among project 

stakeholders [31,32]. 

 

One of BIM's distinguishing features is its capacity to facilitate real-time collaboration 

among multidisciplinary project teams. It promotes clash detection, where potential 

conflicts in design are identified and resolved before construction begins [33,34]. This 

proactive approach minimizes costly rework and errors, enhancing project efficiency 

[33,34]. 

 

The fundamental concepts of BIM technology are underpinned by several key principles: 

 

Object-based modeling 

 

BIM models are constructed using intelligent, parametric objects that represent various 

building elements (e.g., walls, doors, HVAC systems). These objects contain rich data 

attributes that define their properties, behavior, and interactions. This object-based 

modeling approach allows for the creation of a highly detailed and interconnected digital 

representation [35]. 

 

 

 

 



12 

 

Parametric design 

 

BIM models incorporate parametric design principles, enabling dynamic relationships 

between model elements. Changes made to one part of the model can trigger automatic 

adjustments throughout the entire design. This parametric capability ensures consistency 

and accuracy across the project [35]. 

 

Data interoperability 

 

BIM promotes the seamless exchange of information among different software 

applications and project stakeholders. It leverages open standards and data formats, 

allowing architects, engineers, contractors, and facility managers to collaborate effectively 

[36]. 

 

Visualization 

 

BIM provides powerful visualization tools that enable stakeholders to view and interact 

with the digital model in three dimensions. This aids in design communication, design 

validation, and clash detection [37]. 

 

Lifecycle integration 

 

BIM is not limited to the design phase but extends throughout the entire building lifecycle, 

from concept and design to construction, operation, and maintenance. This holistic 

approach enhances project continuity and efficiency [38]. 

 

The adoption of BIM technology has revolutionized the construction industry by offering 

enhanced collaboration, improved decision-making, and increased project efficiency. Its 

ability to centralize and integrate project data and processes has made it an indispensable 

tool in modern construction practices. 
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2.1.2. Characteristics of modern construction systems 

 

Modern construction systems are developed and widespread building technologies that 

provide alternatives to traditional construction methods. These systems are notable for 

their potential to offer faster construction processes, lower costs, and generally higher 

building quality. This literature review aims to discuss the characteristics of modern 

construction systems and their contributions to the construction industry. 

 

The characteristics of modern construction systems can vary in different applications and 

projects. However, there are some fundamental features widely accepted in the literature. 

Firstly, modern construction systems often consist of pre-fabricated or modular building 

elements. These elements are produced in factories and can be quickly assembled on the 

construction site. This allows for faster completion of construction processes and time 

savings [39]. 

 

Furthermore, modern construction systems frequently have the potential to deliver higher-

quality structures. The fabrication process takes place in a more precise and controlled 

environment, reducing quality losses and errors during construction [40]. This ultimately 

enables the construction of more durable and long-lasting buildings. 

 

Modern construction systems can also offer advantages in terms of sustainability. The use 

of pre-manufactured building elements can reduce waste on the construction site [18]. 

Additionally, modern systems designed to increase energy efficiency and material savings 

can contribute to the realization of green and sustainable building projects. 

 

In conclusion, modern construction systems offer a range of advantages such as fast 

construction, high quality, sustainability, and cost-effectiveness. Research conducted in the 

literature provides valuable insights for the widespread adoption of these innovative 

approaches in the construction sector. Future studies can shed more light on how these 

systems can be effectively utilized in various application areas and integrated into existing 

construction methods. 
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Modern construction systems have evolved to meet the evolving demands of the 

construction industry, which include sustainability, efficiency, and quality assurance [41]. 

Several key characteristics define these contemporary construction systems:  

 

Off-site construction 

 

Modern construction systems emphasize off-site construction methods, including 

prefabrication and modularization. Components are manufactured in controlled factory 

environments, reducing the impact of adverse weather conditions and enabling parallel 

construction activities. This approach accelerates project timelines [42].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Modular construction – from manufacturing to site installation [43] 
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Lean construction principles 

 

Lean construction principles, borrowed from manufacturing, are central to modern 

construction systems. These principles aim to minimize waste, optimize resource 

utilization, and enhance project predictability. Lean practices contribute to cost efficiency 

and project quality [44]. 

 

Sustainability 

 

Sustainable construction practices are integral to modern construction systems. These 

systems prioritize environmental responsibility by minimizing material waste, reducing 

energy consumption, and promoting recyclability. Sustainability considerations align with 

global efforts to address climate change and resource conservation [45]. 

 

Adaptability 

 

Modern construction systems are designed for adaptability and flexibility. They allow for 

easy modifications, expansions, or repurposing of buildings, accommodating changing 

needs and future-proofing structures [46]. 

 

Integration of advanced technologies 

 

These systems integrate advanced technologies such as robotics, sensors, and digital tools. 

These technologies enhance construction efficiency, safety, and quality [47]. 

 

In summary, modern construction systems embrace BIM technology to streamline 

processes, minimize waste, and deliver projects that meet the demands of sustainability 

and quality. These characteristics reflect the evolving landscape of construction practices 

and underscore the importance of integrating BIM with contemporary construction 

methodologies. 
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2.2. BIM and Modular Construction Systems: Integration Opportunities 

 

2.2.1. Advantages and limitations of modular construction 

 

Advantages of modular construction 

 

Modular construction has gained significant attention and popularity in recent years due to 

its compelling advantages. These include: 

 

Accelerated project schedules 

 

Modular construction significantly reduces project timelines [48]. Modules are fabricated 

concurrently with on-site preparation, enabling a substantial reduction in construction 

schedules. This efficiency stems from the controlled factory environment in which 

modules are built, minimizing weather-related delays [49]. 

 

Quality control 

 

Modular construction provides a controlled setting for module fabrication, allowing for 

rigorous quality control measures [50]. Comprehensive inspections and standardized 

processes result in higher quality and consistency, reducing defects and rework [51].  

 

Sustainability 

 

Modular construction aligns with sustainability goals by minimizing waste and resource 

consumption. Materials can be optimized for minimal waste, and unused materials can 

often be recycled or repurposed [52]. 

 

Cost efficiency 

 

While there may be initial investments in manufacturing facilities, modular construction 

can lead to cost savings in the long run [53]. Reduced labor costs, shorter project durations, 

and minimized rework contribute to cost efficiency [54]. 
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Limitations of modular construction 

 

Despite its advantages, modular construction is not without limitations, including: 

 

Design constraints 

 

Modular construction imposes design constraints, as modules must adhere to standardized 

sizes and transportation requirements. This can limit design flexibility, particularly for 

unique or complex structures [55]. 

 

Transportation challenges 

 

The transportation of large modules to the construction site may require specialized 

logistics and permits [56]. Transportation costs and potential challenges can affect the 

feasibility of modular construction for certain projects. 

 

Site constraints 

 

Modular construction may face limitations when dealing with constrained or inaccessible 

construction sites [56]. Sites with limited space for module assembly or crane access can 

pose challenges [48]. 

 

2.2.2. Potential alignment of BIM and modular construction systems 

 

The integration of Building Information Modeling (BIM) with modular construction 

systems presents exciting opportunities and solutions to address some of the limitations 

and capitalize on the advantages of modular construction [57]. 

 

Design optimization 

 

BIM's 3D modeling capabilities can be employed to design modules that seamlessly 

integrate into the overall building design [58]. Design constraints can be addressed through 

parametric modeling, allowing for customization while adhering to standardized sizes [58]. 
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Efficient collaboration 

 

BIM fosters real-time collaboration among project stakeholders, including architects, 

engineers, manufacturers, and contractors [59]. This efficient collaboration allows for 

instant communication of design changes, reducing the risk of miscommunication and 

errors [60]. BIM's data-sharing capabilities ensure that all parties work from the same 

information source. 

 

Project optimization 

 

BIM can optimize the entire project workflow, from design and fabrication to 

transportation and on-site assembly. This integration allows for streamlined processes and 

enhanced project efficiency [61]. 

 

The alignment of BIM with modular construction has the potential to maximize the 

benefits of both approaches, resulting in more efficient, cost-effective, and sustainable 

construction projects. By addressing design constraints, enhancing collaboration, and 

optimizing the project workflow, this integration offers a promising path forward for the 

construction industry. 

 

2.3. Integration of BIM with Project Management and Quality Management 

 

2.3.1. Relationship between BIM and project management 

 

The integration of Building Information Modeling (BIM) with project management 

represents a significant advancement in the construction industry, as it offers tools and 

methodologies that enhance project planning, execution, and control [62].  

 

Improved planning and scheduling 

 

BIM provides project managers with powerful tools for creating accurate construction 

schedules. The 3D model allows for the visualization of construction sequences and the 

identification of potential clashes or conflicts in the design. This visual insight helps in 

optimizing project timelines and resource allocation [63]. 
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Enhanced communication and coordination 

 

BIM serves as a central hub for project information, facilitating communication and 

coordination among various stakeholders. Real-time updates and access to a common data 

environment minimize the risk of errors and misunderstandings [64]. The collaborative 

nature of BIM improves information sharing and decision-making throughout the project 

lifecycle. 

 

Cost estimation and budgeting 

 

BIM integrates cost-related information with the project model, enabling more accurate 

cost estimation and budgeting. Project managers can assess the financial implications of 

design changes in real-time [65]. This integration enhances cost control and forecasting 

throughout the construction process. 

 

Resource management 

 

BIM enables project managers to visualize and manage project resources more effectively. 

This includes personnel, equipment, and materials. By optimizing resource allocation, 

project managers can improve efficiency and reduce the likelihood of delays [66]. 

 

Risk analysis and mitigation 

 

BIM's ability to simulate and visualize the entire construction process allows project 

managers to conduct comprehensive risk analysis. Identifying potential issues in advance 

enables proactive risk mitigation strategies [67]. This results in a more resilient project 

delivery process. 

 

Quality management 

 

BIM supports quality management by providing a detailed digital representation of the 

project. This includes precise geometric information, material specifications, and 

construction sequencing. Quality control measures can be implemented more effectively, 

reducing defects and rework [9]. 
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Overall, the integration of BIM with project management enhances the efficiency and 

effectiveness of construction projects. By providing a comprehensive digital environment, 

BIM enables project managers to make informed decisions, mitigate risks, and deliver 

projects on time and within budget. 

 

2.3.2. Challenges and considerations in BIM and project management integration 

 

While the integration of BIM with project management offers significant benefits, it is not 

without challenges and considerations. Some of the key challenges include: 

 

Skill and training 

 

Successful BIM implementation requires a skilled workforce with expertise in both BIM 

technologies and project management methodologies. Adequate training programs are 

essential to equip project managers and team members with the necessary skills for 

effective BIM utilization [68]. 

 

Data standardization 

 

Achieving seamless data exchange and interoperability among various BIM tools and 

project management software relies on standardized data formats and protocols. The 

industry must work towards establishing and adopting consistent data standards to ensure 

smooth integration [31]. 

 

Collaborative culture 

 

The successful integration of BIM and project management necessitates a collaborative 

culture among project stakeholders. This includes architects, engineers, contractors, and 

owners. Open communication and a willingness to share information are crucial for 

realizing the full benefits of integration [69]. 
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Investment costs 

 

Implementing BIM and integrating it with project management systems involves initial 

investment costs, including software licenses, hardware, and training. Organizations need 

to assess the long-term benefits and return on investment to justify these upfront costs [70].   

 

Project size and complexity 

 

The suitability of BIM and project management integration may vary based on the size and 

complexity of the construction project [71]. Larger and more complex projects tend to 

benefit more from the capabilities of integrated systems, while smaller projects may find a 

simpler approach more practical. 

 

Legal and contractual considerations 

 

The integration of BIM and project management may raise legal and contractual 

considerations [72]. These include issues related to data ownership, intellectual property, 

and liability. Clear contractual agreements are essential to address these concerns and 

establish the responsibilities of each party.  

 

Despite these challenges, the integration of BIM with project management offers 

significant advantages in terms of project efficiency, collaboration, and decision-making. 

As the construction industry continues to embrace digital transformation, addressing these 

challenges becomes crucial for successful BIM implementation and project management 

integration. 

 

2.4. Utilization of Integrated BIM and Modular Construction Approach in the Design  

       Phase 

 

2.4.1. Modular design approach and integration with BIM 

 

Modular design principles and their integration with Building Information Modeling 

(BIM) technology in the design phase of construction projects represent a transformative 
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approach that offers numerous advantages in terms of efficiency, collaboration, and design 

optimization [73]. 

 

Modular design principles 

 

Modular design is a strategic approach that involves dividing a building into standardized, 

prefabricated modules or components, each with a specific function and purpose. These 

modules are designed to fit together seamlessly, both functionally and aesthetically, during 

the construction process. When integrated with BIM, these modular design principles are 

enhanced in several key ways: 

 

Parametric modeling 

 

BIM technology enables architects and designers to create parametric models of individual 

modules. These models are not static but dynamic, with parameters that can be adjusted to 

suit specific project requirements. This parametric flexibility allows for the customization 

of modules within standardized sizes and shapes, meeting unique design needs while 

maintaining the benefits of modularity [74]. 

 

Data-driven design 

 

BIM extends beyond mere 3D visualization; it incorporates data attributes into the digital 

model. This data includes information about materials, structural properties, cost, and 

more. In the context of modular design, BIM can store and manage data related to each 

module, ensuring that all stakeholders have access to accurate and up-to-date information 

throughout the design process [75]. 

 

Design coordination 

 

One of the central challenges in modular design is ensuring that all modules fit together 

seamlessly in the final construction [76]. BIM's 3D modeling capabilities enable architects 

and engineers to coordinate the design of each module within the larger context of the 

building. Clash detection tools in BIM software help identify and resolve conflicts or 
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interferences between modules, preventing costly design changes and construction delays 

[35]. 

 

Customization within standards 

 

Modular construction often relies on standardized module sizes for efficiency in 

manufacturing and transportation. However, there are instances where project-specific 

requirements demand customization. BIM's parametric capabilities allow architects and 

designers to adjust module configurations while adhering to predefined dimensions. This 

means that modules can be tailored to meet unique design needs without compromising the 

benefits of modular construction, such as efficient production and assembly [77]. 

 

Benefits of integration 

 

The integration of modular design principles with BIM technology offers several 

compelling benefits during the design phase of construction projects: 

 

Efficiency 

 

The modular approach, coupled with BIM, streamlines the design process by reusing 

standardized modules and components. This reduces the time required for custom design 

and minimizes design iterations [78]. 

 

Error reduction 

 

BIM's clash detection tools help identify and resolve design conflicts early in the design 

phase. This proactive approach significantly reduces the likelihood of design errors that 

could lead to costly rework during construction [79]. 

 

Cost savings 

 

Standardized modules in modular design are often more cost-effective to produce and 

transport. BIM's cost analysis features can help project teams make informed decisions 

about materials and configurations, optimizing costs during the design phase [80]. 
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Design flexibility 

 

The parametric modeling capabilities of BIM allow for design flexibility within 

standardized module sizes. This means that architects and designers can meet project-

specific requirements while still benefiting from the efficiency of modular construction 

[81]. 

 

In summary, the integration of modular design principles with BIM technology in the 

design phase of construction projects represents a powerful combination of efficiency, 

precision, and flexibility. It enables architects and designers to create customized modular 

solutions within standardized parameters, streamlining the design process, reducing errors, 

optimizing costs, and ultimately contributing to the success of modular construction 

projects. 

 

2.4.2. Enhancements in design efficiency and collaboration 

 

The integration of Building Information Modeling (BIM) technology with modular 

construction practices in the design phase of construction projects brings about significant 

enhancements in terms of design efficiency and collaboration [82]. 

 

Real-time collaboration 

 

Effective collaboration among design and engineering teams is crucial for the successful 

execution of construction projects. Historically, design processes involved multiple 

iterations and the exchange of drawings and documents, often leading to delays, 

miscommunications, and inefficiencies. However, the integration of BIM technology 

revolutionizes the collaborative aspects of the design phase: 

 

Centralized data environment 

 

BIM serves as a centralized data environment where project stakeholders, including 

architects, engineers, and designers, can work on the same digital model simultaneously 

[83]. This ensures that everyone has access to the most up-to-date project information. 
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Real-time updates 

 

With BIM, changes and modifications made by one team member are instantly reflected in 

the digital model. This real-time updating eliminates the need for manual synchronization 

and reduces the risk of working from outdated information [84]. 

 

Enhanced communication 

 

BIM fosters enhanced communication among project stakeholders by providing a common 

platform for discussion and collaboration. Team members can annotate the digital model, 

leave comments, and engage in discussions within the BIM environment. This streamlined 

communication streamlines decision-making processes [85]. 

 

Conflict resolution 

 

Design conflicts or clashes, which can be a source of significant delays and rework during 

construction, can be addressed proactively in the digital realm of BIM. Clash detection 

tools within BIM software help identify and resolve conflicts between design elements. 

This early identification of issues reduces the likelihood of costly design changes during 

construction [79]. 

 

Early issue identification 

 

Identifying and resolving design issues early in the project lifecycle is a crucial objective 

during the design phase. Design conflicts, inaccuracies, or oversights that go undetected 

until construction can have costly repercussions. The integration of BIM with modular 

construction enables early issue identification and resolution [33]. 

 

Virtual design reviews 

 

BIM facilitates virtual design reviews where project stakeholders can collaboratively 

examine the digital model in detail. This allows for the identification of clashes or conflicts 

within the design. Such reviews can be conducted at various stages of the design process, 

ensuring that issues are discovered and addressed promptly [86]. 
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Reduced rework 

 

By addressing potential design issues before fabrication and construction begin, the 

integration of BIM and modular construction minimizes the need for costly rework and 

design changes [87]. This leads to significant time and cost savings, contributing to the 

overall efficiency of the project [88]. 

 

Improved design quality 

 

Early issue identification and resolution enhance the overall quality of the design [33]. 

Designers have the opportunity to refine and optimize their work, resulting in a more 

robust and well-coordinated design that meets project requirements and regulatory 

standards [89]. 

 

Streamlined decision-making 

 

Collaborative design reviews within the BIM environment streamlines decision-making 

processes. When design issues are identified, teams can quickly discuss and decide on the 

best course of action. This reduces delays caused by prolonged discussions and ensures 

that design modifications are implemented efficiently [90]. 

 

In conclusion, the integration of BIM technology with modular construction in the design 

phase of construction projects offers substantial enhancements in design efficiency and 

collaboration. Real-time collaboration, centralized data environments, and virtual design 

reviews streamline communication and decision-making processes. Early issue 

identification and resolution reduce the likelihood of costly rework during construction, 

ultimately contributing to the successful execution of modular construction projects. 

 

2.4.3. Analysis and optimization of modular design through BIM 

 

In the design phase of construction projects, the integration of Building Information 

Modeling (BIM) technology with modular construction practices facilitates detailed 

analysis and optimization of modular design, leading to more efficient and effective project 

outcomes. 
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Performance analysis 

 

Performance analysis is a critical aspect of the design phase, ensuring that modular 

components meet the required standards and perform as intended. BIM technology enables 

rigorous performance analysis of modular design elements: 

 

Structural integrity 

 

Engineers can use BIM to simulate and analyze the structural integrity of modular 

components [91]. Finite element analysis and other tools allow for the assessment of 

stresses, loads, and deflections. Any structural issues can be identified and addressed 

before fabrication. 

 

Energy efficiency 

 

BIM can simulate the energy performance of modular components and the overall building 

[92]. This analysis helps in optimizing insulation, HVAC systems, and other energy-

related design elements, contributing to enhanced sustainability and reduced operational 

costs. 

 

Thermal performance 

 

The thermal behavior of modular components can be analyzed using BIM tools [93]. 

Thermal modeling allows designers to assess insulation requirements, heat gain, and loss, 

ensuring that modules meet energy efficiency standards. 

 

Acoustic performance 

 

For projects with specific acoustic requirements, BIM can simulate the acoustic 

performance of modular components [94]. This analysis helps in optimizing soundproofing 

and acoustic design to meet project specifications. 
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Material optimization 

 

Material optimization is a crucial aspect of both sustainable and cost-effective design. BIM 

technology enables project teams to optimize materials used in modular construction: 

 

Waste reduction 

 

By analyzing material properties and quantities within the BIM model, designers can 

minimize waste [95]. BIM's material takeoff features assist in precise quantity estimation, 

preventing overordering or shortages [96]. This waste reduction aligns with sustainability 

goals. 

 

Resource efficiency 

 

BIM facilitates the selection of resource-efficient materials [97]. Designers can explore 

options for materials that have a lower environmental impact while meeting performance 

requirements. This contributes to environmentally responsible design. 

 

Cost estimation 

 

BIM models can support accurate cost estimation during the design phase [98]. By linking 

materials, quantities, and specifications within the BIM environment, project teams can 

generate precise cost estimates. This helps in budget planning and cost control [99]. 

 

Cost analysis and optimization 

 

Cost analysis and optimization play a pivotal role in design decision-making. BIM 

technology empowers project teams to perform detailed cost assessments and 

optimizations: 
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Cost estimation 

 

BIM allows for accurate cost estimation by associating costs with materials, labor, and 

equipment [100]. This enables designers to assess the cost implications of different design 

choices. 

 

Value engineering 

 

BIM supports value engineering by facilitating the evaluation of design alternatives [101]. 

Designers can explore different materials, systems, and configurations to achieve cost 

savings without compromising quality or functionality. 

 

Budget control 

 

The ability to perform cost analyses within the BIM environment helps project teams in 

controlling budgets [102]. By making informed decisions about materials and design 

elements, teams can ensure that the project stays within budgetary constraints. 

Sustainability 

 

BIM's data-driven approach aids in making sustainable design choices that align with 

green building standards and certification requirements [103]. This includes selecting eco-

friendly materials, optimizing energy performance, and minimizing waste. 

 

The integration of BIM technology with modular construction practices in the design phase 

offers substantial benefits in terms of analysis and optimization. Performance analysis 

ensures that modular components meet required standards, while material optimization 

aligns with sustainability goals and cost efficiency. Detailed cost analysis and optimization 

enable project teams to make informed decisions that control budgets and support value 

engineering. By leveraging BIM's capabilities, modular construction projects can achieve a 

higher level of efficiency, sustainability, and cost-effectiveness, ultimately leading to 

successful project outcomes. 
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2.5. Integration of Modular Construction in Production and Assembly Phases 

 

In the ever-evolving construction industry, the integration of modular construction 

methods with Building Information Modeling (BIM) technology has emerged as a 

transformative approach. While much attention has been given to the advantages of this 

integration during the design phase, its significance extends beyond initial planning and 

design. This comprehensive exploration delves into the utilization of BIM in the 

subsequent production and assembly phases of construction projects. It underscores how 

BIM contributes to efficient material and resource management, minimizes errors, and 

optimizes labor during assembly, ultimately leading to enhanced project outcomes. 

 

The construction industry is in the midst of a paradigm shift, with modular construction 

gaining traction as a method that offers efficiency, sustainability, and quality. Modular 

construction involves the fabrication of standardized building components in a controlled 

factory environment, which are later transported to the construction site for assembly. 

Building Information Modeling (BIM), on the other hand, provides a digital representation 

of a building's physical and functional characteristics, facilitating collaborative design and 

data-driven decision-making. 

 

While BIM has proven instrumental in the design phase of construction projects, its 

integration extends far beyond the drawing board. This section explores how BIM 

technology is harnessed in the production and assembly phases of modular construction, 

highlighting its pivotal role in material and resource management, error reduction, and 

labor optimization. 

 

2.5.1. Utilization of BIM in production and assembly processes 

 

Integration of BIM in construction project lifecycle 

 

The integration of Building Information Modeling (BIM) technology in the production and 

assembly phases of modular construction projects is pivotal to achieving efficiency, 

precision, and quality throughout these stages. 
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Digital fabrication and precision 

 

Digital fabrication 

 

BIM serves as the digital blueprint for the fabrication of modular components. 

Manufacturers rely on the detailed digital representations of modules created in BIM to 

guide the production process. This digital guidance ensures that each component is 

precisely manufactured to meet the design specifications [77]. 

 

Precision and quality assurance 

 

The integration of BIM in production processes enhances precision and quality assurance. 

By following the digital instructions derived from the BIM model, manufacturers can 

minimize deviations and errors in the production phase. This meticulous approach results 

in higher quality modular components that align closely with the original design [104]. 

 

Reduced errors 

 

The digital nature of BIM minimizes the potential for human errors that might occur when 

interpreting traditional paper-based blueprints. The precision offered by BIM leads to a 

significant reduction in errors during the production of modular components, ultimately 

contributing to a higher level of quality [105]. 

 

Quality control and verification 

 

Reference for quality control 

 

BIM technology provides a reference point for quality control during the production phase. 

Manufacturers can compare the physical modular components to their digital counterparts 

within the BIM environment. This verification process ensures that each component is 

fabricated accurately, meeting the design and quality standards [106].   
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Error reduction 

 

Through this quality control process, manufacturers can identify and rectify any 

discrepancies between the digital model and the physical component. Early identification 

of errors minimizes defects in the production phase, reducing the likelihood of costly 

rework and delays during assembly [105]. 

 

Streamlined Verification 

 

The digital verification process facilitated by BIM streamlines quality control checks, 

making them more efficient and precise. Manufacturers can quickly assess the accuracy of 

modular components, ensuring that they are in perfect alignment with the design 

specifications [77]. 

 

In conclusion, BIM's integration into the manufacturing process is crucial for ensuring the 

quality and accuracy of modular components, vital for the success of modular construction 

projects. By providing a digital reference point, enabling rigorous quality control checks, 

and facilitating streamlined verification procedures, BIM paves the way for high-quality, 

efficient, and cost-effective modular construction. 

 

Efficient assembly with digital guidance 

 

Digital instructions 

 

As modular components are transported to the construction site for assembly, BIM 

continues to play a crucial role by providing digital instructions derived from the BIM 

model. These digital instructions guide assembly workers in the precise and efficient 

assembly of modules [77]. 

 

Streamlined assembly 

 

The digital guidance offered by BIM streamlines the assembly process, reducing the time 

required for on-site construction [107]. Assembly workers can follow step-by-step digital 
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instructions, minimizing the potential for errors and ensuring that modular components are 

assembled accurately. 

 

Optimized labor 

 

Labor optimization is a key advantage of utilizing BIM in the assembly phase. The digital 

guidance and precision offered by BIM enable assembly workers to perform their tasks 

more efficiently, ultimately reducing labor costs and ensuring that projects progress 

according to schedule [108]. 

 

2.5.2. Influence of BIM on material and resource management in modular production 

 

Effective material and resource management are crucial aspects of modular construction 

practices. The integration of Building Information Modeling (BIM) technology in the 

production phase of modular construction projects significantly influences these 

management processes, resulting in efficiency, sustainability, and cost-effectiveness [109]. 

 

Inventory management and preventing shortages 

 

BIM-enabled inventory management 

 

Within BIM models, detailed data regarding material quantities and specifications are 

meticulously recorded [107]. Manufacturers leverage this information to manage inventory 

effectively. BIM serves as a digital repository of material requirements, constantly updated 

to reflect project needs. 

 

Real-time visibility 

 

The digital nature of BIM offers real-time visibility into material requirements, preventing 

shortages [110]. Manufacturers and project managers can access up-to-the-minute data on 

required materials, ensuring that the necessary components are always available when 

needed [ 111]. 
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Preventing overordering 

 

BIM's digital inventory management capabilities prevent overordering by providing 

accurate insights into material quantities [112]. Manufacturers can optimize their material 

procurement processes, avoiding unnecessary costs associated with excess inventory. 

 

Reduced wastage 

 

By preventing shortages and overordering, BIM contributes to the reduction of material 

wastage [113]. This aligns with sustainability goals by minimizing the environmental 

impact of construction projects. 

 

Waste reduction and sustainable practices 

 

Waste reduction is a key focus in modular construction, driven by growing concerns about 

sustainability. BIM technology plays a critical role in minimizing waste by optimizing 

material quantities and reducing errors. 

 

Optimizing material quantities 

 

BIM technology optimizes material quantities by providing precise digital representations. 

Manufacturers can cut materials accurately based on the data derived from the BIM model, 

minimizing waste on the factory floor. This reduction in material wastage supports 

sustainable construction practices [95]. 

 

Resource efficiency 

 

BIM facilitates the selection of resource-efficient materials and processes [4,114]. 

Manufacturers can make informed decisions about materials that have a lower 

environmental impact while still meeting project requirements. This aligns with 

sustainability goals by promoting environmentally responsible modular production. 
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Cost savings through waste reduction 

 

Reduced material wastage results in cost savings for modular construction projects [7]. 

BIM-driven waste reduction ensures that resources are used efficiently, contributing to the 

overall cost-effectiveness of the project. 

 

Cost estimation and control 

 

Building Information Modeling (BIM) technology significantly enhances material and 

resource management in modular construction, leading to improved efficiency, 

sustainability, and cost-effectiveness. 

 

Accurate cost estimation 

 

BIM models contain data linking materials, quantities, and specifications, enabling precise 

cost estimation [63]. This capability ensures that budgets are carefully planned and 

controlled during the production phase. Manufacturers and project managers can rely on 

BIM to generate accurate cost estimates. 

 

Value engineering 

 

BIM supports value engineering by allowing manufacturers to evaluate various materials 

and configurations [101]. This optimization process enables cost savings without 

compromising quality or functionality. BIM's data-driven approach aids in identifying 

opportunities for cost reduction. 

 

Budget planning and control 

 

The digital environment of BIM facilitates budget planning and control [115]. 

Manufacturers can monitor costs in real-time, making adjustments as needed to ensure that 

the project stays within budgetary constraints. This proactive approach to cost control 

contributes to the overall financial success of modular construction projects. 
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In conclusion, the influence of BIM on material and resource management in modular 

production is substantial. BIM technology enhances inventory management by providing 

real-time visibility into material requirements, preventing shortages, and reducing 

overordering. It also contributes to waste reduction by optimizing material quantities, 

supporting resource efficiency, and promoting cost-effective practices. Accurate cost 

estimation and budget control are facilitated through BIM, ensuring that projects stay 

within budgetary constraints while still meeting quality and sustainability goals. The 

integration of BIM technology in material and resource management processes during the 

production phase enhances the overall efficiency, sustainability, and cost-effectiveness of 

modular construction projects. 

 

2.5.3. Impact of BIM on error reduction and labor optimization in the assembly  

          phase 

 

The assembly phase of modular construction is a critical juncture where errors can have 

significant repercussions. BIM technology is instrumental in error reduction and labor 

optimization during this phase: 

 

Error prevention with digital guidance 

 

The assembly phase in modular construction represents a critical stage where errors can 

lead to costly delays and rework. Building Information Modeling (BIM) technology plays 

a pivotal role in minimizing errors, enhancing quality, and optimizing labor efficiency 

during this crucial phase [116]. 

 

Precise digital instructions 

 

BIM provides assembly workers with precise digital instructions derived from the BIM 

model, eliminating the need for manual interpretation of traditional paper-based blueprints 

[77]. These instructions offer step-by-step guidance on the placement and connection of 

modular components, ensuring a seamless assembly process. 
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Figure 2.2. Process map of BIM-enabled computerized design and fabrication of  

                  industrialized buildings with applications to modular housings. [77] 

 

Minimized errors and reduced rework 

 

Following BIM's digital instructions significantly reduces the likelihood of errors during 

assembly. The digital nature of these instructions ensures that modules are assembled 

accurately and according to design specifications, minimizing the need for costly rework 

and delays [105]. 

 

Clash detection for error mitigation 

 

BIM's clash detection capabilities, invaluable during the design phase, continue to offer 

significant benefits throughout the assembly process. These tools identify and resolve 

conflicts between modular components in real-time, ensuring seamless construction and 

minimizing the likelihood of costly rework [117]. 

 

Real-time conflict resolution 

 

As workers assemble modules, BIM's clash detection tools immediately identify and 

address any conflicts, preventing issues from escalating and ensuring proper component fit 
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[118]. This proactive approach mitigates errors and disruptions, streamlining the assembly 

process and minimizing delays [119]. 

 

Cost and time savings 

 

By addressing clashes during assembly, rather than after installation, BIM saves significant 

time and money. It eliminates the need for disruptive and costly design changes or 

modifications late in the construction process [79]. 

 

Labor optimization for efficient assembly 

 

The integration of Building Information Modeling (BIM) technology in the assembly 

phase of modular construction unlocks significant benefits, leading to enhanced efficiency, 

quality, and cost-effectiveness. 

 

Digital guidance for labor optimization 

 

BIM's digital guidance empowers assembly workers, enabling them to follow precise 

instructions and streamline the process. This optimizes labor utilization, reducing 

construction time and associated costs [120]. 

Precision and quality control 

 

BIM promotes high-quality construction by ensuring accurate module assembly. Digital 

instructions minimize errors and rework, leading to a final product free of defects and 

issues [106]. 

 

Proactive clash detection and resolution 

 

BIM's clash detection tools remain valuable during assembly, identifying and resolving 

conflicts in real-time. This proactive approach prevents costly design changes and ensures 

seamless module integration [119]. 
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Schedule adherence 

 

Optimized labor allocation and efficient assembly processes facilitated by BIM contribute 

to project schedule adherence. By reducing construction time, BIM minimizes the risk of 

delays and ensures timely project completion [121]. 

 

Holistic approach to project management 

 

The synergy between modular construction and BIM represents a comprehensive approach 

to construction project management. BIM serves as a digital thread, connecting design, 

production, and assembly phases, ensuring consistent data flow and optimized workflows 

[122]. 

 

Sustainable practices and resource management 

 

BIM promotes sustainable construction practices by facilitating material and resource 

optimization. This includes preventing shortages, minimizing waste, and integrating 

resource-efficient materials and processes [97]. 

 

In conclusion, BIM plays a vital role in error reduction and labor optimization within 

modular construction assembly. Its digital guidance, precise instructions, and clash 

detection tools minimize errors, improve quality, and optimize labor utilization. By 

enhancing efficiency, reducing costs, and ensuring project success, BIM and modular 

construction together reshape the construction landscape, paving the way for a future 

characterized by sustainability, efficiency, and precision. 

 

2.6. Contribution of BIM and Modular Construction Integration to Quality  

       Management and Monitoring 

 

Building Information Modeling (BIM) and the integration of modular construction make 

significant contributions to quality management and monitoring in the construction 

industry. This integration plays a crucial role in ensuring that construction projects are 

completed in a manner that meets or exceeds standards and expectations [95]. Below are 
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the key contributions of BIM and modular construction integration to quality management 

and monitoring: 

 

Enhanced design precision 

 

BIM allows for highly detailed and accurate 3D modeling of modular components. Design 

errors and clashes can be identified and resolved in the virtual environment before physical 

construction begins, reducing the likelihood of quality issues on-site [123]. 

 

Consistency and standardization 

 

Modular construction relies on the assembly of standardized building components. BIM 

ensures that these components are produced with precision to meet design specifications. 

This consistency minimizes variations and errors, ultimately enhancing overall quality 

[80]. 

 

Improved collaboration 

 

BIM facilitates collaboration among various stakeholders, including architects, engineers, 

manufacturers, and contractors. This collaborative approach ensures that everyone is 

aligned with the project's quality objectives and standards [124]. 

 

Design verification 

 

BIM software can simulate and test the behavior of modular components under various 

conditions, including load-bearing capacity, thermal performance, and environmental 

factors. This verification process helps identify potential issues and ensures that the final 

design meets quality criteria [125]. 

 

Quality assurance in production 

 

BIM can provide detailed documentation and instructions for the production of modular 

components. Manufacturers can strictly adhere to these instructions, ensuring that the 

produced components meet specified quality standards [126]. 
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Construction progress monitoring 

 

BIM supports real-time monitoring of modular component assembly and installation. This 

monitoring ensures that construction progresses in alignment with the design and that any 

deviations are promptly identified and addressed [127]. 

 

Clash detection and resolution 

 

BIM can identify clashes or conflicts during the assembly of modular components, such as 

clashes with plumbing, electrical, or HVAC systems. Early detection prevents costly 

rework and ensures high-quality construction [79]. 

 

Data-driven decision-making 

 

BIM provides a wealth of data for decision-making. Project managers can analyze this data 

to track progress, identify quality issues, and make informed adjustments to maintain 

quality standards [123]. 

 

Quality inspection and testing 

 

BIM can be integrated with quality inspection and testing protocols. Inspectors can use 

BIM data to verify that modular components meet required standards and specifications 

[8]. 

 

Documentation and maintenance 

 

BIM maintains a digital record of the entire construction process. This record is valuable 

for future maintenance and renovations, ensuring the ongoing quality and performance of 

the structure [128]. 
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Cost efficiency 

 

The combination of BIM and modular construction can reduce rework, material waste, and 

construction delays, resulting in cost savings. These savings can be reinvested in quality 

management and monitoring efforts [129]. 

 

Improved communication 

 

BIM models can be used to convey quality expectations to all project stakeholders. This 

shared understanding ensures that quality standards are met at every stage of the 

construction process [78]. 

 

2.6.1. Quality control processes in modular production 

 

Quality control processes in modular production play a pivotal role in ensuring the 

reliability and performance of modular components. These processes encompass a range of 

activities designed to verify that each modular element meets predefined quality standards. 

 

One key aspect of quality control in modular production is the inspection of materials and 

components. Materials must conform to established specifications to ensure structural 

integrity and durability. This includes assessing the composition, strength, and integrity of 

materials used in modular construction. 

 

Furthermore, dimensional accuracy and precision are critical in modular production. BIM 

technology allows for the creation of highly accurate 3D models that serve as reference 

points for quality control [126]. Inspecting modular components against these 3D models 

helps identify any deviations or discrepancies. 

 

Additionally, the assembly of modular components requires meticulous attention to detail. 

Quality control processes involve examining the connections, joints, and interfaces 

between modular units [130]. Ensuring that these connections are secure and meet design 

specifications is essential for the overall structural integrity of the construction. 
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Non-destructive testing methods, such as ultrasound or X-ray inspections, can be applied 

to identify potential defects or weaknesses within modular components [106,126]. These 

methods enable early detection of issues that may compromise the quality of the final 

assembly. 

 

Continuous monitoring throughout the modular production process is another key element 

of quality control. Real-time data and sensor-based technologies can be employed to track 

and analyze the quality of components as they are being manufactured. This proactive 

approach enables rapid adjustments and corrections, minimizing the potential for defects. 

 

2.6.2. BIM-based monitoring and quality assurance 

 

BIM-based monitoring and quality assurance serve as essential tools for maintaining high 

construction standards in modular projects [131]. BIM technology provides a digital 

environment where various quality-related activities can be carried out.  

 

One fundamental aspect of BIM-based quality assurance is clash detection. BIM models 

enable the identification of clashes or conflicts between different components, systems, or 

disciplines within the modular construction [132]. By detecting these clashes early in the 

design phase, potential quality issues are mitigated. 

 

Furthermore, BIM allows for the simulation of the assembly process, providing insights 

into constructability and feasibility [133]. This simulation-based approach aids in verifying 

that modular components can be assembled as intended, minimizing on-site challenges and 

ensuring quality. 

 

BIM also facilitates real-time monitoring of construction progress. By comparing the as-

built conditions to the BIM model, project managers can ensure that construction aligns 

with the original design, and any deviations are promptly addressed [134]. This ongoing 

monitoring enhances quality assurance. 
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2.6.3. Enhancements in quality and performance within modular construction  

          systems 

 

The integration of BIM and modular construction systems yields significant enhancements 

in quality and performance. The ability to create precise 3D models of modular 

components ensures consistency and standardization. 

 

Modular construction systems benefit from the reduction in errors and rework due to early 

clash detection and constructability analysis [135]. This results in a more efficient 

construction process and a higher level of quality. 

 

Moreover, data-driven decision-making, enabled by BIM, empowers project managers to 

make informed adjustments to maintain quality standards. This proactive approach fosters 

continuous improvement and ensures that quality remains a top priority [136]. 

 

In summary, quality control processes, BIM-based monitoring, and performance 

enhancements are integral to achieving and maintaining high standards in modular 

construction. These approaches work in tandem to minimize errors, ensure structural 

integrity, and provide a framework for delivering quality modular buildings and 

infrastructure. 

 

2.7. Impact of Project Management and BIM-MPS Integration on Project Success 

 

The integration of project management and Building Information Modeling with Modular 

Project Scheduling (BIM-MPS) has a profound impact on project success. This integration 

brings numerous benefits, influences project planning and monitoring, and enhances risk 

management and decision-making processes [137]. 

 

2.7.1. Benefits of project management and BIM integration 

 

The integration of project management with BIM technology significantly enhances 

project success. One of the key benefits is improved communication and collaboration 

among project stakeholders [138]. BIM serves as a common platform for sharing project 
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information, enabling better coordination and reducing the likelihood of misunderstandings 

or errors. 

 

Furthermore, BIM facilitates a more efficient project planning process. Project managers 

can create detailed 3D models that serve as the basis for project schedules and resource 

allocation [139]. This results in a more accurate project plan and timeline, reducing the risk 

of delays. 

 

Project management and BIM integration also enhance project monitoring. Real-time 

updates from the construction site can be compared to the BIM model, allowing project 

managers to track progress and identify deviations. This proactive monitoring improves the 

ability to address issues promptly, ensuring that the project stays on track. 

 

Additionally, the integration of project management and BIM supports better resource 

management. Project managers can allocate resources more effectively by utilizing the 

information provided by the BIM model. This optimizes resource utilization and reduces 

costs, contributing to project success. 

 

2.7.2. Influence of BIM-MPS integration on project planning and monitoring 

 

The integration of BIM-MPS has a significant influence on project planning and 

monitoring [140]. BIM-MPS combines the benefits of BIM with modular project 

scheduling techniques to further enhance project success. 

 

In project planning, BIM-MPS allows for the precise modeling and sequencing of modular 

components. Project managers can create detailed schedules that include the assembly and 

installation of modular units [140,7]. This level of detail in planning minimizes uncertainty 

and increases the likelihood of successful project execution. 

 

Project monitoring is greatly improved through BIM-MPS integration. Modular project 

scheduling enables project managers to track the progress of modular component 

manufacturing and delivery [140,7]. This detailed monitoring ensures that modular 

components are available as needed, reducing delays and disruptions to the project 

timeline. 
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Moreover, BIM-MPS enables real-time visibility into the entire project. Project managers 

can compare the progress of modular construction with the BIM model, ensuring that the 

as-built conditions align with the design [7]. Any discrepancies are promptly addressed, 

maintaining project quality and success. 

 

2.7.3. Integration of risk management and decision-making processes through BIM- 

          MPS 

 

The integration of BIM-MPS also improves risk management and decision-making 

processes. By combining BIM's data-driven insights with modular project scheduling, 

project managers can better mitigate risks and make informed decisions. Risk management 

benefits from BIM-MPS integration through improved risk identification and assessment. 

Project managers can use the BIM model to identify potential clashes or constructability 

issues in the modular components [141]. Early detection of these risks allows for proactive 

risk mitigation. 

 

Additionally, decision-making processes are enhanced through the integration of BIM-

MPS. Project managers have access to real-time data and insights from the modular 

construction process [174]. This data-driven decision-making approach supports 

adjustments and adaptations to maintain project success, even in the face of unexpected 

challenges. 

 

In summary, the integration of project management with BIM and BIM-MPS has a 

substantial impact on project success. It brings benefits such as improved communication, 

efficient planning, and enhanced project monitoring. The influence on project planning and 

monitoring is profound, with real-time visibility and detailed scheduling. Moreover, risk 

management and decision-making processes are bolstered, contributing to overall project 

success. 
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3. RESEARCH METHOD AND MATERIAL   

 

This research aims to ascertain whether the utilization of Building Information Modeling 

(BIM) in the modular construction industry contributes to an enhancement in quality. 

Academic papers pertaining to BIM and modular construction were meticulously collected 

from an extensive online dataset, aligning with the objectives outlined in this 

comprehensive review study. Scopus database was the preferred choice for researching the 

positive impact of BIM on quality improvement in modular construction, given its 

multifaceted advantages.  

 

The research process involved a conscientious delineation of the study's scope, ensuring a 

thorough exploration of pertinent articles within the specified domains. This clear 

definition facilitated the development of an effective and targeted search strategy, 

encompassing the breadth and depth of literature associated with BIM and modular 

construction.  

 

The research methodology employed in this study embraced a systematic and meticulous 

approach, leveraging both bibliometric analysis and a systematic literature review (SLR). 

This dual-pronged methodology enabled a rigorous examination of the scholarly landscape 

surrounding BIM and modular construction. The application of a science mapping 

approach, an integral component of the methodology, facilitated the visualization of 

relationships and interconnections within the academic literature. The Scopus online 

database, with its extensive coverage and wealth of scholarly resources, played a pivotal 

role in providing the primary data necessary for the thorough execution of this research. 

Scopus encompasses a broad scope, including various disciplines such as engineering, 

architecture, and construction, providing access to a diverse range of academic articles and 

studies related to modular construction and BIM. The database is recognized for its 

inclusion of content from highly impactful and respected journals, ensuring a reliable 

foundation for research based on quality sources. Notably, Scopus stands out for its 

comprehensive indexing of conference proceedings, making it valuable for researchers 

focusing on specific technical and engineering subjects. Its international perspective, 

incorporating scientific publications from around the world, facilitates an exploration of 

international studies on modular construction and BIM, providing insights into different 
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applications and experiences across various geographical regions. The citation indexing 

feature in Scopus further aids researchers in assessing academic activity in the field by 

indicating the number of times articles have been cited. Lastly, the database's regular 

updates ensure access to the latest research and developments in modular construction and 

BIM usage. In conclusion, Scopus is frequently favored by researchers for its 

comprehensive and reliable features, making it a pragmatic selection for substantiating 

hypotheses concerning the potential positive impact of BIM on quality improvement in 

modular construction. 

 

Furthermore, this study aimed to identify gaps in the existing literature regarding the 

application of BIM and modular construction. Analyzing the selected papers through the 

PDCA lens helped identify areas where further research is needed to fully understand and 

optimize the implementation of these technologies.  The selected papers were further 

analyzed using the PDCA (Plan-Do-Check-Act) cycle to evaluate the implementation and 

effectiveness of BIM and modular construction practices. The main purpose of using the 

PDCA (Plan-Do-Check-Act) cycle in this study was to understand the potential of using 

Building Information Modeling (BIM) to improve quality in the modular construction 

industry. The PDCA analysis conducted on 19 articles revealed how we can contribute to 

quality improvement by providing important information on how to implement BIM and 

evaluate its effectiveness. This process provided a structured framework for evaluating and 

optimizing learnings from the design of the study. This information will be invaluable in 

guiding future research efforts and contributing to the advancement of knowledge in this 

field. 

 

In essence, the methodology adopted for this review study was thoughtfully designed to 

ensure a comprehensive, in-depth, and methodologically sound analysis of academic 

papers related to BIM and modular construction. By employing a combination of 

bibliometric analysis, SLR, science mapping, and PDCA analysis, the study provided 

valuable insights into the current state of research in this field while simultaneously 

identifying areas for further exploration and investigation. 
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Figure 3.1. Flow diagram of the search methodology 
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3.1. Bibliometric Analysis 

 

Data for necessary academic documents are retrieved via bibliometric searches. Scopus is 

one of the most extensive databases on the internet. In order to review the most recent 

research on BIM and modular construction projects in the construction industry, the 

Scopus database was used in this paper. The most recent publications are also included in 

the Scopus database. The database used for this review thesis was the Scopus database. 

The following keywords were used to retrieve articles about project BIM and modular 

construction in order to conduct a thorough literature review: ("modular construction") 

AND ("quality") AND ("Building Information Modeling" OR "BIM"), and the search was 

limited to the following terms: titles, abstracts, and keywords. The research subjects were 

limited to Engineering, Computer Science, Business Management and Accounting, 

Decision Sciences, Social Sciences, Arts and Humanities, and Multidisciplinary, which are 

related to the construction domain. Only English journal and conference proceedings 

papers were selected for this review. 

 

Research query was carried out on 9 December 2023 with the following final string: 

(TITLEABS-KEY (“Building Information Modeling” OR “BIM” OR) AND TITLE-ABS-

KEY (“modular construction”) AND TITLE-ABS-KEY (“quality”)) AND INCLUDED 

“ENGINEERING” OR “COMPUTER SCIENCE” OR “BUSINESS MANAGEMENT 

AND ACCOUNTING” OR “DECISION SCIENCE” OR “SOCIAL SCIENCE” OR 

“ARTS AND HUMANITIES” OR “MULTIDISCIPLINARY”. EXCLUDED 

“MATHEMATICS” OR “ENERGY” OR “MATERIALS SCIENCE” OR “EARTH AND 

PLANETARY SCIENCES” OR “CHEMISTRY” OR “PHYSICS AND ASTRONOMY” 

OR “AGRICULTURAL AND BIOLOGICAL SCIENCES” OR “CHEMICAL 

ENGINEERING” OR “BIOCHEMISTRY” OR “GENETICS AND MOLECULAR 

BIOLOGY” OR “MEDICINE”). After this scan, the dataset contained 343 documents. The 

other assessment process involved reviewing the titles and abstracts of documents to 

identify only those that were relevant to the field of building information modelling and 

modular construction. The number of documents related to both BIM and modular 

construction is 179.  After an extensive manual filtering process, including quality, the 

final dataset contained 46 documents (Figure 3.1). 
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Figure 3.2. Graph of 46 articles written between 2006-2023 for BIM, MCS and quality by  

                  year (Scopus) 

 

The evaluation of 46 articles encompassing Building Information Modeling (BIM), 

modular construction, and quality presents a quantitative perspective, with a notable focus 

on the years 2022 and 2023 (Figure 3.2). These articles have garnered significant attention, 

particularly in leading construction nations such as the USA, China, and South Korea. The 

surge in publications from these countries underscores the widespread interest and 

adoption of innovative technologies in the construction sector (Figure 3.3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. Chart of 46 articles written between 2006-2023 for BIM, MCS and quality by  

                 country (Scopus) 
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The findings emphasize how the integration of BIM and modular construction contributes 

to achieving and maintaining high-quality standards while enhancing overall efficiency in 

construction processes. The increasing number of publications in these regions reflects the 

rapid ascent of these technologies. Furthermore, the subjects addressed in these articles 

provide valuable quantitative data for stakeholders in the construction industry to make 

informed decisions. These studies underscore the concrete impact of the convergence of 

BIM, modular construction, and quality trends in the industry, offering guidance for the 

planning and execution of future construction projects. 

 

Another examination conducted through VOSviewer involved a detailed analysis of the 

keywords from the 46 articles. This analysis utilizes an interactive visualization tool to 

unveil common themes and connections within the literature. The transitions between 

keywords in the articles highlight robust relationships between topics, while prominent 

terms help identify overarching research trends. The analysis further illustrates how key 

terms related to BIM, modular construction, and quality stand out among the articles and 

how these terms interrelate. Thus, the VOSviewer analysis provides an in-depth 

understanding of the content of the 46 articles, contributing to our comprehension of the 

evolution and relationships of keywords in the literature on these topics (Figure 3.4). 

 

 

Figure 3.4. Analysis of 46 articles written between 2006-2023 for BIM, MCS and quality  

                  according to keywords made in VOSviewer 

 



53 

 

3.2. Systematic Review Analysis 

 

Systematic review analysis is described as "a quantitative study of research on the 

development of science" by the authors. It is a method for mapping a particular body of 

knowledge using trends taken from academic databases by evaluating the influence of 

research and looking at citation relationships. Even though a manual review of the 

literature can offer a thorough overview of a certain field of study, it is still prone to bias 

and interpretive limitations. In order to visualize and map the knowledge area, BIM and 

modular construction projects within the construction domain are analyzed using the 

systematic review technique in this study. Using information from systematic reviews, the 

bibliometric analysis method creates a network model and identifies research subjects. By 

creating network models that represent the intellectual viewpoint on a specific body of 

knowledge, systematic review analysis helps researchers answer their research questions 

and accomplish their goals. Researchers will be able to perceive overall research patterns 

and identify research trends with the help of visualizing the field of building information 

modeling as a network. The publications' contents are briefly summarized in the abstract 

and keywords. As a result, clusters corresponding to the most important elements of the 

research area are created using keywords as the unit of analysis. This review paper 

conducted a thorough literature search on building information modeling by utilizing the 

title, abstract, and keyword codes in a bibliometric search. This approach has been 

suggested before for carrying out a thorough analysis of the literature. 

 

The systematic analysis of relevant literature and articles has led to the formulation of six 

hypotheses supporting the assertion that the combined use of Building Information 

Modeling (BIM) and modular construction contributes to an enhancement in quality. These 

hypotheses serve as theoretical foundations for further exploration and empirical validation 

of the impact of BIM and modular construction on the quality of construction projects. 

 

The formulation of hypotheses regarding the positive impact of Building Information 

Modeling (BIM) on the quality of modular construction is underpinned by the multifaceted 

capabilities that BIM introduces to the construction landscape. As a transformative 

technology, BIM is recognized for its potential to address challenges inherent in modular 

construction and contribute significantly to the improvement of project quality. The 

following hypotheses delineate specific aspects through which BIM is anticipated to exert 
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a positive influence on modular construction quality. These hypotheses not only serve as 

guiding principles for empirical investigation but also underscore the intricate ways in 

which BIM, with its collaborative, precision-oriented, and communication-enhancing 

features, can potentially elevate the standards of quality within the modular construction 

paradigm. Through systematic examination and validation, these hypotheses aim to 

contribute substantively to our understanding of the synergies between BIM 

implementation and enhanced quality outcomes in the dynamic realm of modular 

construction.  

 

3.3. Enhancing Modular Construction Quality through BIM: Hypotheses 

 

A Fishbone diagram has been constructed based on the literature review, illustrating that 

the combined utilization of Building Information Modeling (BIM) and modular 

construction enhances quality. This diagram has been designed to systematically visualize 

the positive impacts of the concurrent use of BIM and modular construction on quality. By 

identifying key cause-and-effect relationships, the diagram categorizes specific factors 

under overarching titles to elucidate how the combined use of BIM and modular 

construction contributes to the improvement of quality. 

 

The Fishbone diagram classifies factors such as improvements in design processes, 

increased efficiency in construction processes, and strengthened communication and 

collaboration under main categories. The interconnections between these elements within 

the diagram elucidate how the integration of BIM and modular construction collectively 

enhances quality (Figure 3.5). 

 

This Fishbone diagram serves as a visual representation of a comprehensive analysis of 

existing literature, systematically presenting evidence that the combined use of BIM and 

modular construction plays a crucial role in enhancing quality. This visual analysis, 

derived from a deep exploration of available information in the literature, underscores the 

potential of BIM and modular construction to improve quality. It provides a significant 

foundation for guiding future research endeavors and projects by highlighting the positive 

implications of integrating BIM and modular construction for quality enhancement. 
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Figure 3.5. Ishikawa diagram showing that the use of modular construction with BIM  

                  increases the quality (Prepared by Author) 

 

3.3.1. Hypothesis 1: Improved efficiency and reduced delays 

 

Hypothesis: The integration of Building Information Modeling (BIM) and modular 

construction methods, such as modular construction, enhances project efficiency by 

streamlining processes and minimizing delays through better coordination and planning. 

 

BIM technology can improve efficiency and reduce losses due to project delays by using a 

three-dimensional representation to identify and address loopholes in a timely manner. (1) 

 

BIM's powerful information integration and sharing function helps solve problems faced 

by the construction industry, such as low production efficiency, by subverting traditional 

production paradigms. (2) 
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The use of BIM technology in construction can improve quality, expenditure control, and 

logistics management. (3) 

 

BIM technology has been widely used in the construction industry, accelerating its 

development and ensuring the reliability of structural design. (4) 

 

BIM technology can be used throughout the life cycle of a construction project, providing 

benefits in various aspects of construction engineering. (5) 

 

BIM can help ensure the efficiency and quality of engineering construction through a 

scientific management system. (6) 

 

BIM technology can be used for visualization, coordination, simulation, optimization, and 

drawing, providing technical means for optimizing each stage of a project and improving 

work efficiency. (7) 

 

Table 3.1. Article table based on the ‘Improved Efficiency and Reduced Delays’  

                hypothesis 

 

No Author(s) Year Title Journal 

1 Zhang, L., & Liu, 

H. 

2021 Research on Application Strategy of 

BIM Technology in Construction 

Project Management 

E3S Web of 

Conferences 

2 Wang, M., Qian, 

Y., Yuan, R., & 

Wang, Q. 

2019 Visual Analysis on Evolution, Hotspots 

and Frontier of International BIM 

Research - Literature Metrology Based 

on Web of Science Database 

 

 

Tiedao Xuebao/Journal 

of the China Railway 

Society 

3 Volkov, A., 

Chelyshkov, P., & 

Lysenko, D. 

2016 Information Management in the 

Application of BIM in Construction: 

The Roles and Functions of the 

Participants of the Construction 

Process 

Procedia Engineering 

4 Cao, Y., & Li, Y. 2021 The Study on Design Method of 

Assembly Structure Based on Computer 

BIM Technology 

Journal of Physics: 

Conference Serie 
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Table 3.1. (continues)Article table based on the ‘Improved Efficiency and Reduced  

                                   Delays’ hypothesis 

 
5 Qiu, S., Xu, H., 

Jin, J., Zhang, H., 

& Sun, K. 

2019 Application of BIM Technology in 

Construction Engineering 

IOP Conference Series: Earth 

and Environmental Science 

6 He, L., Xie, Y., 

& Li, Y. 

2022 Application and Research of Data 

Mining Technology BIM and Internet 

of Things in Engineering 

Construction 

Lecture Notes on Data 

Engineering and 

Communications 

Technologies 

7 Lv, M., Zhou, L., 

Wang, Y., Yang, 

K., & Yang, C. 

2022 Summary of BIM Technology 

Application in a Dormitory Building 

Project 

Advances in Transdisciplinary 

Engineering 

 

3.3.2. Hypothesis 2: Expenditure control and logistics management 

 

Hypothesis: The utilization of BIM, coupled with modular construction practices, enables 

effective control of project expenditures and logistics. This is achieved through detailed 

cost modeling and optimized material and resource management. 

 

BIM technology improves the quality of construction and logistics management by 

providing effective tools for expenditure control and information integration. (1) 

 

BIM subverts the traditional production paradigm of the construction industry, solving 

problems such as information loss and low production efficiency. (2) 

 

The application of BIM in construction engineering helps construct a scientific 

management system, ensuring the efficiency and quality of engineering construction. (3) 

 

BIM-based management of construction processes is becoming a major requirement in the 

construction industry, promoting better development. (4) 
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Table 3.2. Article table based on the ‘Expenditure Control and Logistics Management’  

                 hypothesis 

 

No Author(s) Year Title Journal 

1 Volkov, A., 

Chelyshkov, P., 

& Lysenko, D. 

2016 Information Management in the 

Application of BIM in Construction. 

The Roles and Functions of the 

Participants of the Construction 

Process 

Procedia Engineering 

2 Wang, M., Qian, 

Y., Yuan, R., & 

Wang, Q. 

2019 Visual Analysis on Evolution, 

Hotspots and Frontier of 

International BIM Research - 

Literature Metrology Based on Web 

of Science Database 

Tiedao Xuebao/Journal of 

the China Railway 

Society, 41(6), 9-15 

3 He, L., Xie, Y., & 

Li, Y. 

2022 Application and Research of Data 

Mining Technology BIM and Internet 

of Things in Engineering 

Construction 

Lecture Notes on Data 

Engineering and 

Communications 

Technologies 

4 Isikdag, U. 2015 The future of building information 

modelling: BIM 2.0. In 

SpringerBriefs in Computer Science 

(Vol. 0, pp. 13-24) 

Springer 

 

3.3.3. Hypothesis 3: Enhanced communication and information management 

 

Hypothesis: BIM facilitates improved communication and information management 

throughout the construction process. When combined with modular construction, it allows 

for real-time data sharing, reducing errors and enhancing overall project communication. 

 

BIM is a powerful tool that integrates and shares information, helping to solve problems 

faced by the traditional construction industry, such as information loss and low production 

efficiency. (1) 

 

BIM improves communication and information flow between stakeholders involved in all 

stages of construction, reducing manual re-entering of information and increasing 

efficiency. (2) 
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The use of BIM in the construction process improves the design process and helps mitigate 

challenges in the interface between design and construction, such as deficiencies and errors 

in the design. (3) 

 

Table 3.3. Article table based on the ‘Enhanced Communication and Information  

                 Management’ hypothesis 

 

No Author(s) Year Title Journal 

1 Wang, M., Qian, 

Y., Yuan, R., & 

Wang, Q. 

2019 Visual Analysis on Evolution, Hotspots 

and Frontier of International BIM 

Research - Literature Metrology Based 

on Web of Science Database 

Tiedao 

Xuebao/Journal of the 

China Railway 

Society, 41(6), 9-15 

2 Borrmann, A., 

König, M., Koch, 

C., & Beetz, J. 

2018 Building information modeling: Why? 

What? How? In Building Information 

Modeling: Technology Foundations and 

Industry Practice (pp. 1-24) 

Springer International 

Publishing 

3 Svalestuen, F., 

Knotten, V., 

Lædre, O., 

Drevland, F., & 

Lohne, J. 

2017 USING BUILDING INFORMATION 

MODEL (BIM) DEVICES TO 

IMPROVE INFORMATION FLOW 

AND COLLABORATION ON 

CONSTRUCTION SITES 

Journal of Information 

Technology in 

Construction, 22, 204-

219 

 

3.3.4. Hypothesis 4: Holistic approach throughout the construction life cycle 

 

Hypothesis: The combined use of BIM and modular construction supports a holistic 

approach throughout the construction life cycle. This includes design, fabrication, 

transportation, and assembly, resulting in a more integrated and efficient construction 

process. 

 

BIM technology improves the quality of construction, expenditure control, and logistics 

management. (1) 

 

BIM has great potential in construction engineering and is a rapidly evolving field. (2) 

BIM subverts the traditional production paradigm of the construction industry and helps 

solve problems such as information loss and low production efficiency. (3) 
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BIM technology can participate in the entire process of building construction projects, 

ensuring smooth development, efficiency, and reduced losses. (4) 

 

BIM technology can be used throughout the life cycle of construction, providing benefits 

in all aspects of construction engineering. (5) 

 

BIM helps ensure the efficiency and quality of engineering construction and promotes the 

better development of the construction industry. (6) 

 

Table 3.4. Article table based on the ‘Holistic Approach throughout the Construction Life  

                Cycle’ hypothesis 

 

No Author(s) Year Title Journal 

1 Volkov, A., 

Chelyshkov, P., & 

Lysenko, D. 

2016 Information Management in the 

Application of BIM in Construction. 

The Roles and Functions of the 

Participants of the Construction 

Process 

Procedia Engineering 

2 Heng, L. I., & 

Hong-Yu, L. I. 

2020 Applications of BIM in Construction 

Engineering in China: A Review 

E3S Web of Conferences 

3 Wang, M., Qian, 

Y., Yuan, R., & 

Wang, Q. 

2019 Visual Analysis on Evolution, 

Hotspots and Frontier of 

International BIM Research - 

Literature Metrology Based on Web 

of Science Database 

Tiedao Xuebao/Journal of 

the China Railway 

Society, 41(6), 9-15 

4 Zhang, L., & Liu, 

H. 

2021 Research on Application Strategy of 

BIM Technology in Construction 

Project Management 

E3S Web of Conferences 

5 Qiu, S., Xu, H., 

Jin, J., Zhang, H., 

& Sun, K. 

2019 Application of BIM Technology in 

Construction Engineering 

IOP Conference Series: 

Earth and Environmental 

Science 

6 He, L., Xie, Y., & 

Li, Y. 

2022 Application and Research of Data 

Mining Technology BIM and Internet 

of Things in Engineering 

Construction 

Lecture Notes on Data 

Engineering and 

Communications 

Technologies 
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3.3.5. Hypothesis 5: Enhanced collaboration and stakeholder engagement 

 

Hypothesis: BIM and modular construction foster collaboration and stakeholder 

engagement by providing a shared platform for all project participants. This promotes 

effective communication and collaboration among architects, engineers, contractors, and 

other stakeholders. 

 

BIM-based Construction Networks (BbCNs) focus on collaboration within teams to 

undertake BIM-related tasks on projects. However, research has shown that collaboration 

on BIM-enabled projects has predominantly focused on technology, while project-related 

and managerial antecedents have remained under-researched. (1) 

 

Collaboration aspects in BIM implementation have been found to produce the highest 

positive impact, with process aspects being more important than software technology. 

However, there is a lack of industry expertise and training, which provides an opportunity 

for education providers. (2) 

 

A modified model for collaboration in BbCNs has been proposed, taking into account 

influential factors and their sub-factors, including unfavorable BIM contractual 

arrangements as a root cause of the unwillingness of team members to engage in 

collaborative efforts. (3) 

 

Table 3.5. Article table based on the ‘Enhanced collaboration and stakeholder engagement‘  

                 hypothesis 

 

No Author(s) Year Title Journal Name 

1 Oraee, M. et 

al. 

2017 Collaboration in BIM-based Construction 

Networks: A Bibliometric-Qualitative 

Literature Review 

International Journal of 

Project Management 

2 Eadie, R. et 

al. 

2013 BIM Implementation throughout the UK 

Construction Project Lifecycle: An 

Analysis 

Automation in 

Construction 

3 Oraee, M. et 

al. 

2022 Collaboration in BIM-based Construction 

Networks: A Qualitative Model of 

Influential Factors 

Engineering, Construction 

and Architectural 

Management 
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3.3.6. Hypothesis 6: Improved quality through cost management  

 

Hypothesis: The integration of BIM with modular construction contributes to effective cost 

management by offering accurate cost estimations, monitoring project expenditures, and 

identifying potential cost-saving opportunities throughout the construction project. 

 

The combined use of BIM (Building Information Modeling) and modular construction in 

construction projects has been shown to increase quality through cost management.  

 

Several studies have highlighted the benefits of using BIM technology in construction, 

including improved expenditure control, logistics management, and engineering cost 

management. (1,2,3,4,5,6,7) 

 

BIM technology allows for better modeling and measurement, construction schedule 

planning, site layout, and project cost analysis. (2) 

 

It also enables dynamic monitoring of construction progress and cost, leading to more 

effective cost management. (3) 

 

By using BIM, project costs can be managed scientifically and precisely, resulting in 

reduced costs and improved project implementation. (4,7) 
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Table 3.6. Article table based on the ‘Improved quality through cost management’  

                hypothesis  

 

No Author(s) Year Title Journal Name 

1 Volkov, A., 

Chelyshkov, P., 

& Lysenko, D. 

2016 Information Management in the 

Application of BIM in 

Construction. the Roles and 

Functions of the Participants of 

the Construction Process 

Procedia Engineering 

2 Li, R., Zhao, H., 

Wang, X., & 

Wang, Y. 

2023 Research on Construction 

Organization Design and 

Engineering Cost Application 

Based on BIM Technology 

Journal of Physics: Conference 

Series 

3 Ding, C. 2023 Construction Management Mode 

of Building Engineering Based on 

BIM Technology 

Lecture Notes on Data 

Engineering and 

Communications Technologies 

4 Wang, N. 2020 Research on fine management of 

engineering cost based on BIM 

technology 

Journal of Physics: Conference 

Series 

5 Wen, Z. 2019 Application Research of BIM 

Technology in Engineering Cost 

Management 

IOP Conference Series: Earth 

and Environmental Science 

6 He, L., Xie, Y., 

& Li, Y. 

2022 Application and Research of Data 

Mining Technology Bim and 

Internet of Things in Engineering 

Construction 

Lecture Notes on Data 

Engineering and 

Communications Technologies 

7 Mo, L. 2018 Research on Application of BIM 

Technology in Construction 

Project Cost Management 

Proceedings - 2018 3rd 

International Conference on 

Smart City and Systems 

Engineering, ICSCSE 2018 

 

The analysis, based on the examination of 19 articles, has culminated in the creation of a 

graphical representation depicting the distribution of publications across various 

hypotheses. The graph reveals the prevalence of each hypothesis within the corpus of 

literature, shedding light on the frequency with which these hypotheses have been 

explored. Notably, seven articles specifically address the "Improved Efficiency and 

Reduced Delays" hypothesis, delving into how the concurrent use of Building Information 

Modeling (BIM) and modular construction enhances project efficiency and minimizes 
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delays. Four articles focus on the "Expenditure Control and Logistics Management" 

hypothesis, investigating how the integration of BIM and modular construction impacts 

financial control and logistical aspects of construction projects. 

 

Furthermore, three articles contribute to the exploration of the "Enhanced Communication 

and Information Management" hypothesis, emphasizing the role of BIM and modular 

construction in bolstering communication and information flow within construction 

processes. The hypothesis related to a "Holistic Approach throughout the Construction Life 

Cycle" is addressed by six articles, offering insights into how BIM and modular 

construction contribute holistically across different phases of a construction project. 

 

Additionally, three articles delve into the " Enhanced collaboration and stakeholder 

engagement " hypothesis, examining the collaborative aspects and stakeholder engagement 

facilitated by the concurrent use of BIM and modular construction. Finally, seven articles 

center around the " Improved quality through cost management" hypothesis, providing an 

in-depth exploration of how BIM and modular construction influence cost-related aspects 

in the construction domain. (Figure 3.6). 

 

 
 

Figure 3.6. Numerical graph according to hypotheses (Prepared by Author) 

 

A graphical representation depicting the distribution of publications related to Building 

Information Modeling (BIM) and modular construction across different years has been 
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generated based on the examination of 19 articles. The graph spans from 2013 onwards, 

providing a comprehensive view of the yearly publication trends in these specific research 

areas. Analyzing the number of articles published each year reveals insights into the 

evolving emphasis on BIM and modular construction in the literature. 

 

This graphical representation allows us to observe how the number of publications in the 

field has fluctuated or intensified over the years, offering a nuanced perspective on the 

temporal evolution of research interests. Since 2013, the graph illuminates the changing 

landscape of literature dedicated to BIM and modular construction, showcasing periods of 

increased or decreased scholarly attention. 

 

By visually capturing the year-wise distribution of articles, this graph serves as a valuable 

tool for understanding the temporal dynamics of research focus within the realms of BIM 

and modular construction. It aids in identifying trends and patterns, facilitating the 

development of strategic directions for future research initiatives. This visual analysis 

contributes to a clearer understanding of the temporal changes in literature dedicated to 

BIM and modular construction topics (Figure 3.7). 

 

 
 

Figure 3.7. Year distribution graph according to hypotheses (Prepared by Author) 
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A graph depicting the countries where the examined 19 articles were published has been 

generated in accordance with the extracted hypotheses. This analysis visually represents 

the geographic distribution of studies in the literature based on the formulated hypotheses. 

Notably, China stands out as the most prolific contributor in this field, hosting 21 articles 

and solidifying its leadership position in research endeavors related to the formulated 

hypotheses. The United States follows with four articles, sustaining its significant scholarly 

contributions in the field. Other countries have made varying degrees of contributions with 

fewer articles. This graph, aligned with the formulated hypotheses, provides a clear 

representation of the global academic interest and contribution in the field of Building 

Information Modeling (BIM) and modular construction, helping us understand the 

worldwide distribution of research efforts in these areas (Figure 3.8). 

 

 

Figure 3.8. Country distribution graph according to hypotheses (Prepared by Author) 

 

3.4. Continuous Improvement in Construction Quality: Validating the Impact of BIM  

       through the PDCA Cycle 

 

The Plan-Do-Check-Act (PDCA) cycle is a systematic and iterative approach that has 

proven to be instrumental in enhancing quality management processes. In the Plan phase, 

organizations establish objectives and identify processes required to deliver high-quality 

outcomes. This initial planning sets the foundation for the subsequent phases. The Do 
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phase involves the execution of the plan, where strategies are implemented, and actions are 

taken to meet the specified quality goals. The crucial Check phase follows, during which 

performance and results are systematically monitored and compared against the 

predetermined objectives. This step allows for the identification of any variances or 

deviations from the planned processes. Finally, in the Act phase, adjustments and 

improvements are made based on the findings from the Check phase, closing the loop and 

ensuring a continuous cycle of improvement. The PDCA cycle, with its emphasis on 

planning, execution, evaluation, and refinement, provides a structured and dynamic 

framework for organizations to continuously enhance their quality management methods. 

This cyclical process fosters adaptability, responsiveness, and a commitment to ongoing 

improvement in the pursuit of optimal quality outcomes. 

 

The use of BIM and modular construction together is an effective way to improve quality 

in the construction industry. This approach helps to improve quality at all stages of the 

PDCA cycle. The PDCA cycle is an important method for controlling construction quality. 

BIM is comprehensively applied to this cycle, ensuring better construction project quality. 

 

 
 

Figure 3.9. PDCA Cycle (Prepared by Author) 

 

In the planning stage, the use of BIM and modular construction helps to better understand 

and design the project. BIM creates a digital model of all the project's components, making 

it possible to identify design errors and inconsistencies early on. Modular construction, on 
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the other hand, allows the project to be built by assembling pre-fabricated modules. This 

helps to ensure that the design is more accurate and consistent. 

 

In the doing stage, the use of BIM and modular construction helps to build the project 

more efficiently. BIM allows the construction process to be managed digitally. This helps 

to improve labor and material efficiency. Modular construction, on the other hand, requires 

less labor and time on the construction site. This helps to reduce construction costs and 

time. 

 

In the checking stage, the use of BIM and modular construction helps to better track the 

quality of the project. BIM allows progress and performance to be tracked. This helps to 

determine whether the project meets requirements. Modular construction, on the other 

hand, allows the project to be built from pre-tested and approved modules. This helps to 

improve the quality and reliability of the project. 

 

In the acting stage, the use of BIM and modular construction helps to take the necessary 

measures to improve the quality of the project. BIM helps to identify opportunities for 

improvement by analyzing the project's performance. Modular construction, on the other 

hand, helps to develop new approaches to improving the quality of the project. 

 

The 19 selected articles were examined in detail within the framework of the Plan-Do-

Check-Learn (PDCA) cycle. In the first phase, "Plan", the general aims, research questions 

and methods of the articles were meticulously evaluated. This step enabled the creation of 

a clear plan for the objectives of the research. Then, in the "Do" phase, the data collection, 

analysis and conclusion drawing processes of the articles were discussed in detail. This 

step allowed researchers to critique the methods used in terms of reliability and validity. 

 

In the “Check” phase, the results and implications of the articles were comprehensively 

evaluated. Statistical analysis identified the strengths and weaknesses of the findings. 

Additionally, a rigorous checking process was applied to detect methodological errors and 

conflicting results. Finally, in the "Act" phase, the applicability of the PDCA cycle on 

these articles was discussed. Learnings from the studies were presented systematically, 

along with suggestions for similar future studies. 
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Within the scope of the study, an evaluation based on the Plan-Do-Check-Learn (PDCA) 

cycle was carried out through a table created with data obtained from 19 articles. As a 

result of the review in the table, deficiencies were detected in some articles at this stage. 

This analysis aims to create a more solid foundation by focusing on the shortcomings 

while highlighting the strengths of the articles as a result of a systematic evaluation with 

the PDCA cycle. Missing stages of the articles are left blank in the table. 

 

Table 3.7. Table of 19 articles by PDCA assessment 

 

No Author(s)-Title Plan Do Check Act 

1 Zhang, L., & Liu, H. 

Research on 

Application Strategy 

of BIM Technology 

in Construction 

Project Management 

The purpose of 

the paper is to 

research the 

application 

strategy of BIM 

technology in the 

field of 

construction 

project 

management. 

The article 

contains 

recommendatio

ns necessary to 

support the 

application 

strategy of BIM 

technology in 

the field of 

construction 

project 

management. 

 The article 

involves 

measuring the 

efficiency, 

effectiveness 

and quality of 

application of 

BIM 

technology in 

the field of 

construction 

project 

management 

2 Wang, M., Qian, Y., 

Yuan, R., & Wang, 

Q. 

 

Visual Analysis on 

Evolution, Hotspots 

and Frontier of 

International BIM 

Research- Literature 

Metrology Based on 

Web of Science 

Database 

The purpose of 

the paper is to 

visually analyze 

the evolution, 

hotspots, and 

frontiers of BIM 

research. 

 The article 

involves 

evaluating 

research 

using 

indicators 

such as 

publication 

volume, 

number of 

citations, 

and impact 

factor to 

identify 

leading areas 

of 

international 

BIM 

research. 
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Table 3.7. (continues)Table of 19 articles by PDCA assessment 
 

3 Volkov, A., 

Chelyshkov, P., & 

Lysenko, D. 

Information 

Management in the 

Application of BIM 

in Construction: The 

Roles and Functions 

of the Participants of 

the Construction 

Process 

The purpose of 

the paper is to 

examine the role 

and functions of 

information 

management in 

the application of 

BIM technology 

in construction 

engineering. 

  The article 

covers the 

potential 

benefits that 

information 

management 

can provide in 

implementing 

BIM. 

4 Cao, Y., & Li, Y. 

The Study on Design 

Method of Assembly 

Structure Based on 

Computer BIM 

Technology 

The purpose of 

the paper is to 

develop a method 

for assembly 

structure design 

using computer-

aided BIM 

technology 

The article 

contains 

examples of 

how the design 

of assembly 

structure can be 

carried out 

using computer-

aided BIM 

technology. 

  

5 Qiu, S., Xu, H., Jin, 

J., Zhang, H., & Sun, 

K. 

Application of BIM 

Technology in 

Construction 

Engineering 

Based on the 

awareness of the 

increasing 

complexity in 

civil engineering 

and the 

inadequacy of 

traditional safety 

management 

tools, the article 

suggests the need 

to use BIM 

Technology as a 

solution to solve 

these problems. 
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Table 3.7. (continues)Table of 19 articles by PDCA assessment 
 

6 He, L., Xie, Y., & 

Li, Y. 

Application and 

Research of Data 

Mining Technology 

BIM and Internet of 

Things in 

Engineering 

Construction 

The purpose of 

the paper is to 

review the 

application and 

research of BIM 

and IoT 

technologies in 

engineering 

construction. 

The article 

contains 

examples 

showing that 

data mining 

technology can 

be used in civil 

engineering 

together with 

BIM and IoT. 

 The article 

covers the 

potential 

benefits of 

data mining 

technology. 

7 Lv, M., Zhou, L., 

Wang, Y., Yang, K., 

& Yang, C. 

Summary of BIM 

Technology 

Application in a 

Dormitory Building 

Project 

The purpose of 

the paper is to 

present a 

summary of the 

application of 

BIM technology 

in a dormitory 

building project. 

The article 

includes 

examples 

showing how 

BIM technology 

was applied in a 

student 

dormitory 

construction 

project. 

  

8 Isikdag, U. 

The future of 

building information 

modelling: BIM 2.0. 

In Springer Briefs in 

Computer Science 

(Vol. 0, pp. 13-24) 

 

The purpose of 

the paper is to 

investigate the 

future of building 

information 

modeling (BIM) 

technology and 

the potential of 

BIM 2.0. 

 

 

 

 

The article 

contains 

examples 

discussing 

various 

application 

areas of BIM 

2.0. 

 The article 

covers the 

potential 

benefits of 

BIM 2.0. 
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Table 3.7. (continues)Table of 19 articles by PDCA assessment 
 

9 Borrmann, A., 

König, M., Koch, C., 

& Beetz, J. 

Building information 

modeling: Why? 

What? How? In 

Building Information 

Modeling: 

Technology 

Foundations and 

Industry Practice 

(pp. 1-24) 

The article 

provides the 

essential 

foundational 

information for 

implementing 

BIM and 

information that 

can help develop 

a plan for 

implementing 

BIM. 

The article 

contains 

examples 

discussing 

various 

application 

areas of BIM. 

  

10 Svalestuen, F., 

Knotten, V., Lædre, 

O., Drevland, F., & 

Lohne, J. 

Using Building 

Information Model 

(Bim) Devices to 

Improve Information 

Flow and 

Collaboration on 

Construction Sites 

The article 

provides the 

essential 

foundational 

information for 

implementing 

BIM devices on 

construction sites. 

The article 

includes case 

studies showing 

how BIM 

devices can be 

used on 

construction 

sites. 

  

11 Heng, L. I., & Hong-

Yu, L. I. 

Applications of BIM 

in Construction 

Engineering in 

China: A Review 

The article 

provides the 

essential 

foundational 

information for 

implementing 

BIM in 

construction 

engineering in 

China. 

 

The article 

contains 

examples of 

various projects 

where BIM has 

been 

implemented in 

China. 
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Table 3.7. (continues)Table of 19 articles by PDCA assessment 
 

12 Oraee, M. et al. 

Collaboration in 

BIM-based 

Construction 

Networks: A 

Bibliometric-

Qualitative 

Literature Review 

The article aims 

to focus on a 

specific gap, 

namely the 

creation of a plan 

to improve 

collaboration 

within BIM-based 

Construction 

Networks 

(BbCNs). 

The article 

conducted real 

research to 

implement this 

strategy. 

The article 

focuses on 

the stage of 

checking the 

results of the 

implementati

on phase. 

This was 

done by 

identifying 

that studies 

on BIM 

were 

technology-

focused, but 

project-

related and 

managerial 

precursors 

were 

missing. 

The article 

represents the 

phase of 

planning 

actions based 

on the results 

of the 

checking 

phase. 

13 Eadie, R. et al. 

BIM Implementation 

throughout the UK 

Construction Project 

Lifecycle: An 

Analysis 

The article 

highlights a plan 

on how to use 

BIM application 

at different stages 

of the 

construction 

process. 

 The article 

presents 

several 

metrics to 

evaluate and 

control the 

results of 

BIM use. 
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Table 3.7. (continues)Table of 19 articles by PDCA assessment 
 

14 Oraee, M. et al. 

Collaboration in 

BIM-based 

Construction 

Networks: A 

Qualitative Model of 

Influential Factors 

 The article aims 

to modify and 

validate existing 

conceptual 

models. To 

achieve this, 

qualitative data 

was collected 

and analyzed 

through semi-

structured 

interviews with 

BIM experts in 

the industry. 

  

15 Li, R., Zhao, H., 

Wang, X., & Wang, 

Y. 

Research on 

Construction 

Organization Design 

and Engineering 

Cost Application 

Based on BIM 

Technology 

 The article 

analyzes the 

state of BIM 

technology, 

construction 

organization 

design and 

engineering 

cost. 

  

16 Ding, C. 

Construction 

Management Mode 

of Building 

Engineering Based 

on BIM Technology 

The article 

discusses the 

importance of 

understanding the 

basic concepts 

and benefits of 

BIM, adapting 

BIM to the needs 

of the project, and 

providing the 

resources and 

skills necessary to 

implement BIM. 

The article 

provides 

examples of 

how BIM can be 

used in 

construction 

engineering cost 

management, 

such as cost 

estimation, cost 

control, and cost 

optimization. 
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Table 3.7. (continues)Table of 19 articles by PDCA assessment 
 

17 Wang, N. 

Research on fine 

management of 

engineering cost 

based on BIM 

technology 

The article 

includes 

understanding the 

basic concepts 

and benefits of 

BIM, adapting 

BIM to the needs 

of the project, and 

obtaining the 

necessary 

resources and 

skills to 

implement BIM. 

The article 

provides a 

number of case 

studies that 

show how BIM 

can be used in 

cost 

management. 

  

18 Wen, Z. 

Application 

Research of BIM 

Technology in 

Engineering Cost 

Management 

The article covers 

understanding the 

basic concepts 

and benefits of 

BIM, adapting 

BIM according to 

its achievements, 

providing the 

necessary 

nutrition and 

recovery to meet 

the needs of BIM. 

The article 

includes case 

studies that 

show how BIM 

can be used in 

areas such as 

cost estimating, 

cost control and 

cost 

optimization. 

The article 

contains 

methods that 

can be used 

to evaluate 

the 

effectiveness 

of BIM in 

cost 

management

. 

 

19 Mo, L. 

Research on 

Application of BIM 

Technology in 

Construction Project 

Cost Management 

The article 

includes 

understanding the 

basic concepts 

and benefits of 

BIM, adapting 

BIM to the needs 

of the project, 

providing the 

necessary 

resources and 

skills to 

implement BIM. 

The article 

includes case 

studies that 

show how BIM 

can be used in 

areas such as 

cost estimating, 

cost control and 

cost 

optimization. 

  

 

A review of 19 quality-related papers according to the PDCA cycle found that the plan and 

do stages were more emphasized than the check and act stages. This suggests that the 
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papers focus on the planning and implementation of quality improvement research, but not 

enough on the evaluation and implementation of the results of that research. 

 

In the horizontal linear graph you prepared, the x-axis shows the stages of the articles and 

the y-axis shows the articles. Color-coding the percentage of each stage in the chart makes 

the data easier to understand. The percentile of the plan phase is shown in blue, the 

percentile of the do phase is shown in gray, the percentile of the check phase is shown in 

dark blue, and the percentile of the act phases is shown in light grey. 

 

 

Figure 3.10. Graph of 19 articles according to PDCA stages (Prepared by Author) 

 

The graph shows that 84% of the 19 articles reviewed were active in the plan and 

implementation stages, while only 16% were active in the control and action stages (Figure 

3.10). 
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By taking the measures, the effectiveness and efficiency of BIM research can be increased 

and the adoption and implementation of BIM in the construction industry can be 

accelerated. Completing the missing article phase using the PDCA cycle will contribute to 

improving quality by encouraging continuous improvement. 

 

Effectively completing missing stages is crucial for the successful management of a 

process and continuous improvement. It begins with the identification of deficiencies. 

Once the missing stages in the process are pinpointed, the next step is to move into the 

Planning phase. Action plans should be carefully devised, tailored to the nature of the 

missing stages, and aligned with the goals of the process. 

 

During the Doing phase, the crafted plans need to be executed with precision. The key here 

is to ensure that the identified actions effectively correct the flow of the process. In the 

Monitoring phase, the effectiveness of the implemented changes is tracked. Performance 

data should be regularly evaluated, objectively assessing how successful the process is in 

achieving the desired outcomes. 

 

If the completion of missing stages does not unfold as planned or if new issues arise, the 

Checking phase comes into play. This stage involves a detailed analysis of the deficiencies 

in the process, leading to the development of more effective solutions. This iterative 

process forms the foundation of continuous improvement, enhancing an organization's 

adaptability and enabling it to progress on a more solid footing. A review of 19 articles 

revealed that some aspects were not adequately addressed or new challenges emerged 

during the application of Building Information Modeling (BIM) in the modular 

construction sector in the Control and Action phases. The control phase brought to light 

specific deficiencies in the analyzed processes and revealed examples where initial plans 

may have been inadequate to effectively correct the flow. This validation serves as an 

important learning experience that encourages the development of more robust and 

effective solutions. Moving into the activation phase, adjustments and improvements can 

be made based on identified deficiencies; This contributes to a more refined and effective 

use of BIM for quality improvement in modular construction. This iterative process 

underscores the importance of continuous evaluation, highlighting the adaptation and 

progress that can be achieved through deliberate changes in BIM implementation 

strategies. 
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The meticulous examination of the 19 articles in the context of the PDCA (Plan-Do-

Check-Act) cycle has shed light on specific deficiencies in certain phases, necessitating 

tailored recommendations for improvement. 

 

These findings highlight the importance of a more nuanced approach to the PDCA cycle, 

emphasizing the need for thoroughness in monitoring and meticulousness in implementing 

corrective actions. The recommendations serve as a guide for future research endeavors, 

encouraging a more comprehensive understanding and application of the PDCA cycle in 

the context of Building Information Modeling (BIM) for quality enhancement in modular 

construction. 

 

Article 1 

 

Specific recommendations for the check phase 

 

The article presents a strategy developed for the application of BIM technology in 

construction project management. It is stated that this strategy can increase efficiency, 

quality and safety during the design, construction and operation phases. The effectiveness 

of this strategy and what impact it can have on construction projects can be evaluated. 

 

It is stated that the strategy can be used to improve collaboration in the design process, 

reduce construction errors and increase efficiency. The effectiveness of these uses can be 

evaluated. It can be evaluated whether the strategy increases communication in the design 

process, reduces construction errors, and increases efficiency. 

 

Article 2 

 

Specific recommendations for the do phase 

 

The research methodology should be clearly defined. Issues such as the purpose of the 

research, scope, method, data sources and data analysis methods should be clearly defined. 

Research data must be collected accurately and completely. Data suitable for the purpose 

of the research should be collected accurately and completely. 
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Research results should be reported clearly and understandably. The summary of research 

results, findings and conclusions should be reported clearly and understandably. 

 

Specific recommendations for the act phase 

 

Research results should be evaluated systematically. Research results should be evaluated 

systematically to determine whether the objectives of the research have been achieved. 

Problems and difficulties encountered during the research process should be identified. 

The research process should be reviewed for problems and difficulties encountered. 

Lessons should be learned for future research. The results of the research should be 

analyzed to draw lessons for future research. 

 

Article 3 

 

Specific recommendations for the do phase 

 

Implement the knowledge management strategy suggested in the article. This strategy 

describes how to collect, manage and share information at different stages of the 

construction process. 

Monitor strategy implementation and make necessary changes. Conduct regular 

monitoring and evaluation to evaluate the effectiveness and efficiency of the information 

management strategy. 

 

Specific recommendations for the check phase 

 

Track progress towards achieving the goals of the knowledge management strategy. 

Monitor this progress using data collected through the monitoring and evaluation system. 

Use methods such as surveys, interviews, and case studies to evaluate the effectiveness and 

efficiency of the knowledge management strategy. 
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Article 4 

 

Specific recommendations for the check phase 

 

In the article, a new method for assembly structure design is proposed. It can be evaluated 

what advantages this method provides over traditional methods.  

The applicability of the method to different types of assembly structures can be evaluated.  

The applicability of the method under different project conditions can be evaluated.  

 

Specific recommendations for the act phase 

 

The practical applicability of the method proposed in the article in assembly structure 

design can be evaluated.  

It can be evaluated how the method can be used in education and training in the field of 

assembly structure design.  

How the method can advance research in the field of assembly structure design can be 

evaluated.  

 

Article 5 

 

Specific recommendations for the do phase 

 

The BIM research mentioned in the article should be reviewed comprehensively. 

The use and potential benefits of BIM technology in civil engineering should be evaluated. 

The scope and objectives of the research should be determined. 

Data collection and analysis methods for the research should be determined. 

A timeline and budget should be determined for the research. 

 

Specific recommendations for the check phase 

 

Research results should be analyzed in terms of various factors such as cost, quality, 

efficiency, information sharing, collaboration, occupational health and safety. 

It should be evaluated whether the research results reach the objectives of the research. 

Identify problems and challenges encountered during the research process. 
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Lessons should be learned for future research. 

 

Specific recommendations for the act phase 

 

Based on the research results, recommendations should be developed to improve the use of 

BIM technology. 

Solutions should be proposed to address the challenges encountered. 

The future potential of BIM technology should be investigated. 

 

Article 6 

 

Specific recommendations for the check phase 

 

It should be evaluated whether the results obtained in the article are compatible with the 

existing literature on data mining, BIM and IoT applications in the field of civil 

engineering. 

The data obtained from the construction projects mentioned in the article should be 

examined and evaluated whether data mining methods extract meaningful information 

from these data. 

Feedback should be sought from civil engineering, data mining, BIM and IoT experts and 

their opinions about the validity and reliability of the results in the paper. 

 

Article 7 

 

Specific recommendations for the check phase 

 

The effectiveness of the BIM technologies mentioned in the article and their impact on 

different stages of the construction project can be evaluated. It is stated that BIM 

technology is used in the design, construction and operation stages of the project. The 

effectiveness of these uses can be evaluated. It can be evaluated whether BIM technology 

speeds up the design process, reduces construction errors and reduces operating costs. 
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Specific recommendations for the act phase 

 

Based on the findings in the article, suggestions can be made for more efficient, high-

quality and sustainable use of BIM technology in other construction projects such as 

dormitory buildings. Recommendations can be made about how BIM technology can be 

used to improve collaboration in the design process, predict construction errors, and reduce 

operating costs. 

 

Article 8 

 

Specific recommendations for the check phase 

 

The article states that BIM models can be used to improve collaboration in the design 

process, predict construction errors and reduce operating costs. The effectiveness of these 

uses can be evaluated. It can be evaluated whether BIM models increase communication in 

the design process, reduce construction errors, and reduce operating costs. 

 

Article 9 

 

Specific recommendations for the check phase 

 

The article presents a framework that explains the fundamentals and applications of BIM 

technology. The scope and accuracy of this framework can be evaluated. It can be 

evaluated whether the framework covers all aspects of BIM technology and whether the 

information presented is up-to-date. 

 

Specific recommendations for the act phase 

 

Based on the findings in the article, recommendations can be made for understanding and 

implementing BIM technology. Recommendations can be made for new research that will 

help us better understand the foundations and applications of BIM technology. 
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Article 10 

 

Specific recommendations for the check phase 

 

The article offers some suggestions on how BIM devices can be used to improve 

information flow and collaboration in construction projects. The effectiveness of these 

recommendations and what impact they may have on construction projects can be 

evaluated. 

 

It is stated that BIM devices can be used to improve communication, reduce errors and 

increase efficiency during the design and construction stages. The effectiveness of these 

uses can be evaluated. It can be evaluated whether BIM devices increase communication in 

the design process, reduce construction errors, and increase efficiency. 

 

Specific recommendations for the act phase 

 

Based on the findings in the article, suggestions can be made for the more efficient, high-

quality and sustainable use of BIM devices in construction projects. Suggestions can be 

made to make BIM devices more easily accessible and usable by different stakeholders. 

 

Article 11 

 

Specific recommendations for the check phase 

 

The article presents some findings about the scope and effectiveness of BIM applications 

in China. The accuracy and validity of these findings can be evaluated. 

 

It is stated that BIM applications in China can significantly increase efficiency and quality 

in the design and construction stages. The accuracy of this finding can be evaluated. It can 

evaluate how much BIM applications increase efficiency and quality in construction 

projects in China 
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Specific recommendations for the act phase 

 

Based on the findings in the article, recommendations can be made for more widespread 

adoption of BIM applications in China. Can make suggestions for the development of BIM 

training programs, establishment of BIM standards and dissemination of BIM software. 

 

Article 13 

 

Specific recommendations for the do phase 

 

More comprehensive research should be conducted to deepen the findings stated in the 

article. To more clearly understand at which stages of the project life cycle the use of BIM 

falls, comparative studies can be conducted on different project types and sizes. The 

distribution of participants in different areas of expertise can be examined, emphasizing the 

importance of collaboration and process aspects. The reasons for differences in stakeholder 

financial benefits can be investigated. 

 

The cost effects of BIM use on different stakeholders should be analyzed in more detail. 

Although the article states that clients derive the most financial benefit from BIM, other 

stakeholders (contractors, architects, engineers, etc.) can also investigate cost increases or 

decreases. 

 

The impact of BIM use on project performance should be examined with more project 

examples. 

 

Specific recommendations for the act phase 

 

Strategies should be developed to expand the use of BIM to all stages of the project life 

cycle. By understanding the reasons for predominant use in the early stages, education, 

incentive and collaboration mechanisms can be suggested for later stages. Guidance and 

standards can be created for project owners to increase 3D model and COBie data set 

sharing. 

Training programs and tools should be developed to improve collaboration and process 

aspects. Programs can be designed that focus on teamwork, communication, and BIM 
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integration, as the article reveals that these aspects are more important than software 

technology. 

 

Training and certification programs should be created to address the lack of BIM expertise. 

Training providers can develop specific programs for different areas of expertise and skill 

levels. In close collaboration with industry, practical training focusing on real-world 

problems can be organized. 

 

Article 14 

 

Specific recommendations for the plan phase 

 

Goals can be set for project managers, such as developing new strategies aimed at 

increasing collaboration or researching technologies that facilitate knowledge sharing 

within BbCN. 

 

The needed information can be obtained using new survey studies, case studies, literature 

review or experiments. 

 

Specific recommendations for the check phase 

 

Collaboration experiences can be collected through surveys from project managers or 

BbCN members. Examples of collaboration in different projects can be examined through 

case studies. 

It should uncover the factors that have the greatest impact on collaboration and consider 

different perspectives (management, team members, technology, etc.). 

 

Evaluate how much the research contributes to the goals of improving collaboration or 

closing relevant knowledge gaps. 

 

Specific recommendations for the act phase 

 

Based on the research results, strategies should be developed to improve BbCN 

collaboration. These strategies can cover a variety of areas, such as project management 
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techniques, communication protocols, information sharing platforms, training programs 

and technology applications. 

 

Support research focusing on topics such as the impact of extra-project factors 

(sociological, cultural, etc.) on collaboration or optimization of team dynamics. 

 

The information obtained should be transferred to project management applications. It may 

be useful to develop BbCN creation guides, collaboration evaluation tools, or training 

modules. 

 

Article 15 

 

Specific recommendations for the plan phase 

 

The impact of BIM technology on cost and organizational design should be examined 

comparatively with different types of projects such as commercial buildings and 

infrastructure projects, as well as other types of construction projects. 

 

By using BIM technology, one can aim to achieve a certain cost saving rate or increase the 

efficiency in the project organization by 20%. 

 

In addition to the data in the article, BIM application data from different projects, survey 

results or case studies from project managers and BIM experts can be analyzed. 

 

Specific recommendations for the check phase 

 

Examine the change in cost and organizational design with the use of BIM for different 

project types. The effects of BIM use in project stages should be analyzed. 

 

The impact of BIM technology on cost and organizational design should be quantified. It 

should be examined how different factors (BIM expertise, project complexity, software, 

etc.) affect this effect. 
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You should evaluate how successful your research is in achieving the targeted cost savings 

or organizational efficiency increase. 

 

Specific recommendations for the act phase 

 

New methodologies, BIM-compatible organizational structures, or BIM applications 

integrated into the project calendar can be designed that take into account the use of BIM 

in project budgeting. 

 

Needs for future research should be determined by addressing limitations such as limited 

research scope and lack of data. 

 

Research results should be reflected in project management guides, training programs and 

BIM application standards. Training materials highlighting the cost and organizational 

benefits of BIM technology should be prepared for industry stakeholders. 

 

Article 16 

 

Specific recommendations for the check phase 

 

Although the article has examined the impact of the BIM model on project cost 

management, it is also useful to consider the impact of BIM technology on other aspects of 

the construction management mode. The impact of BIM on project organization, quality 

control, collaboration and communication can also be examined. 

 

The article states that the BIM model can dynamically reflect cost changes. However, the 

quantitative analysis of these changes and their net impact on the project cost should be 

revealed in more detail. Changes in different cost items (material, labor, equipment, etc.) 

should be examined separately. 

 

It should be analyzed whether you have achieved the objectives set at the beginning of 

your research (e.g. cost savings rate, increased effectiveness in cost control). 
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Specific recommendations for the act phase 

 

Based on the research results, strategies should be developed to increase the contribution 

of the BIM model to project cost management. 

 

If there are difficulties, data deficiencies or technological limitations in the use of BIM 

revealed in the research, solutions should be proposed to resolve them. 

 

Research results should be reflected in project management guides, BIM application 

standards and training materials. Resources can be prepared that emphasize the benefits of 

BIM technology in terms of project cost management and include practical examples. 

 

Article 17 

 

Specific recommendations for the check phase 

 

The impact of BIM technology on other project performance criteria such as project time, 

quality and protection from work accidents should be examined. 

 

The impact of BIM technology on different project types, sizes and complexities should be 

examined. 

 

The impact of BIM technology on project cost management should be analyzed 

quantitatively. 

 

Specific recommendations for the act phase 

 

Cost estimation and control tools integrated with the BIM model should be developed. 

 

Training programs and consultancy services to increase BIM expertise should be offered. 

 

Resources that emphasize the benefits of BIM technology in terms of project cost 

management and include practical examples should be prepared. 
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Article 18 

 

Specific recommendations for the act phase 

 

The effectiveness of BIM-based cost management methods may vary depending on the 

complexity and size of the project. It should be evaluated whether the methods are suitable 

for a particular project or need to be adapted. 

 

BIM-based cost management methods can be applied in different ways at different stages 

of the project. It should be evaluated how the methods are applied at each stage and 

whether the application encounters any problems or difficulties. 

 

BIM-based cost management methods can be used in different ways by different 

stakeholders of the project. How the methods are used by different stakeholders and the 

level of satisfaction with use should be evaluated. 

 

Article 19 

 

Specific recommendations for the check phase 

 

Cost management shortcomings of other types of construction projects (infrastructure, 

industrial, commercial, etc.) should also be examined. 

 

Although the article states that BIM technology provides cost savings, it would be useful to 

clearly state the rate of this saving and in which cost items it occurs. 

 

If the use of BIM aims to achieve a certain cost savings rate, reduce cost deviations at a 

certain rate, or improve cost control processes in a certain way, it should be analyzed to 

what extent these goals have been achieved. 

 

Specific recommendations for the act phase 

 

More advanced cost estimation algorithms, cost control tools integrated with the BIM 

model, or real-time cost monitoring systems can be applied. 
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Choose software with high BIM compatibility. BIM training and consultancy services 

should be provided or BIM application guides should be prepared for project owners. 

 

Resources can be prepared that emphasize the benefits of BIM technology in terms of cost 

control management and include practical examples. 

 

The highlighted areas in the paragraph represent potential gaps or deficiencies within the 

articles that, when addressed, would signify the completion of the Plan-Do-Check-Act 

(PDCA) cycle. These gaps serve as opportunities for continuous improvement and 

refinement in the application of Building Information Modeling (BIM) within the context 

of modular construction. 

 

Table 3.8. Table consisting of 19 articles according to common results from the PDCA  

                 evaluation 

 

Task Article Description 

Plan 15 & 16 Compare BIM impact on cost and organization across different project types. 

Plan 14 
Set project manager goals for BbCN collaboration improvements and research 

knowledge-sharing technologies. 

Do 3 & 13 Implement and monitor the proposed knowledge management strategies. 

Do 5 Conduct comprehensive BIM research in civil engineering. 

Do 13 
Conduct deeper research on BIM use stages, collaboration aspects, and 

stakeholder financial benefits. 

Check 
1, 2, 7, 8, 

10 

Evaluate the effectiveness of proposed strategies or BIM applications on project 

aspects like efficiency, quality, and cost. 

Check 
4, 6, 9, 11, 

12 

Evaluate the scope, accuracy, and validity of presented frameworks, findings, and 

data. 

Check 
13, 14, 15, 

16, 19 

Quantify the impact of BIM on various project aspects like cost, collaboration, 

and organizational design. 

Check 16 & 17 
Analyze the impact of BIM on cost changes and other performance criteria like 

time, quality, and safety. 

Act 1, 7, 10 Develop strategies for wider BIM adoption based on findings. 

Act 2, 5, 13 Address research limitations and suggest future research directions. 

Act 3, 14 Create training programs and tools to improve collaboration and process aspects. 

Act 11, 15, 19 
Develop recommendations for wider BIM adoption, training programs, and BIM 

application standards. 

Act 16, 17, 18 
Design tools, training programs, and resources to enhance BIM-based cost 

management. 
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In the planning phase, the identified gaps might include the need for a more detailed 

articulation of the project goals in Articles 15 and 16. Clearer and more specific objectives 

could enhance the overall planning process, aligning it more closely with the principles of 

the PDCA cycle. 

 

Moving to the execution phase, the implementation and monitoring of knowledge 

management strategies in Articles 3 and 13 could benefit from a more detailed account of 

the execution process. Providing a comprehensive overview of how these strategies were 

implemented and monitored would strengthen the execution phase. 

 

Article 5, focusing on conducting comprehensive BIM research in civil engineering, could 

potentially have gaps related to the depth and breadth of the research. Identifying specific 

areas within civil engineering where BIM applications are most impactful would further 

enhance the execution phase. 

 

The deeper research conducted in Article 13 might highlight gaps in the current 

understanding of BIM use stages, collaboration aspects, and stakeholder financial benefits. 

Addressing these gaps would contribute significantly to the completion of the PDCA cycle. 

 

The evaluation activities in the checking phase, particularly in Articles 1, 2, 7, 8, and 10, 

may reveal gaps in the assessment criteria or in the data collected for evaluation. A more 

thorough examination of these aspects would strengthen the checking phase. 

 

Articles 4, 6, 9, 11, and 12, evaluating the scope, accuracy, and validity of frameworks and 

findings, could potentially identify gaps in the methodologies employed for evaluation. 

Addressing these gaps would contribute to the completeness of the checking phase. 

 

In the acting phase, the development of strategies for wider BIM adoption (Articles 1, 7, 

10) might reveal gaps in the proposed strategies or areas where additional refinement is 

needed. Addressing these gaps ensures a more effective implementation of the actions. 

 

Articles 2, 5, and 13, addressing research limitations and suggesting future research 

directions, could potentially highlight gaps in the current understanding of BIM 
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applications in modular construction. Filling these gaps would signify a commitment to 

ongoing improvement. 

 

The creation of training programs and tools to improve collaboration and process aspects 

(Article 3, 14) might uncover gaps in the practical implementation of these programs. 

Addressing these gaps would contribute to the continuous improvement of collaboration 

processes. 

 

Articles 11, 15, 19, focusing on developing recommendations for wider BIM adoption, 

training programs, and BIM application standards, could potentially identify gaps in the 

practicality or feasibility of these recommendations. Closing these gaps ensures a more 

robust and actionable set of recommendations. 

 

In the design of tools, training programs, and resources to enhance BIM-based cost 

management (Articles 16, 17, 18), potential gaps might include areas where the designed 

tools need further refinement. Addressing these gaps completes the PDCA cycle, ensuring 

a continuous loop of improvement. 

 

Paying equal attention to all stages of the PDCA cycle will make quality-related research 

more effective and efficient.  Based on 19 articles, it is clearly seen that the general 

deficiency in these articles is in the check and act stages. While the reviewed 19 articles 

offer valuable insights into BIM and modular construction's potential for quality 

improvement, many lack complete "check" and "act" sections within the PDCA cycle. By 

closing the gaps in the PDCA cycle and embracing these practices, researchers can 

transform BIM and modular construction from promising concepts into proven quality 

engines for the construction industry. This commitment to rigorous evaluation and 

continuous improvement will pave the way for a future where quality is not just aspired to 

but systematically achieved through the power of integrated technologies and data-driven 

insights. 

 

In conclusion, by recognizing and actively addressing these potential gaps, the articles 

would demonstrate a commitment to the iterative nature of the PDCA cycle, marking the 

completion of each phase and setting the stage for ongoing improvement in the application 

of BIM in modular construction. 
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4. CONCLUSION 

 

In the rapidly evolving field of construction management, the integration of innovative 

technologies has become pivotal for achieving efficiency and quality in project execution. 

This study investigates the potential of BIM to enhance quality in the realm of modular 

construction, examining six hypotheses and their corresponding sub-research questions. 

Through our analysis, we have obtained answers to each sub-research question, validating 

the main objectives of the study. Firstly, it is evident that the use of BIM improves 

efficiency and reduces delays in modular construction projects. This is facilitated by BIM 

tools that streamline communication, coordination, and project monitoring processes. 

Additionally, BIM demonstrates positive impacts on expenditure control and logistics 

management in modular construction projects. The visualization of project data and 

enhanced collaboration among stakeholders provided by BIM offer better cost tracking and 

logistical planning capabilities. 

 

Furthermore, it has been determined that the implementation of BIM significantly 

enhances communication and information management in modular construction. Sharing 

project data on a central platform facilitates real-time collaboration and integration of 

various project information, organizing information flow throughout the project lifecycle. 

Additionally, examining BIM and modular construction holistically is crucial for ensuring 

quality management. Considering the entire project lifecycle from design to construction 

and operation, BIM supports informed decision-making, fosters collaboration among 

project teams, and ensures consistency and continuity throughout project phases. 

 

Collaboration and stakeholder engagement have also been found to play a significant role 

in BIM and modular construction projects. Efforts to promote collaboration among 

stakeholders, facilitate open communication, and actively involve stakeholders throughout 

the project lifecycle are essential for project success and quality improvement. 

 

Lastly, the study explores how the impact of BIM on cost management can be measured. 

By using various metrics such as cost savings, reduced cost overruns, and improved 

accuracy in cost estimation, the effectiveness of BIM in cost management can be assessed. 

Analyzing project data and comparing cost performance metrics between BIM-supported 
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and traditional construction projects provide insights into BIM's effectiveness in cost 

savings and enhancing cost management practices in the modular construction industry. 

 

These findings underscore the potential of BIM and modular construction in enhancing 

quality and highlight the critical role of these technologies in driving continuous 

improvements in the construction industry. 

 

Through the investigation of six hypotheses and their corresponding sub-research 

questions, we navigated the complexities of BIM implementation and its impact on various 

facets of project management. Notably, the examination of 19 articles within the PDCA 

(Plan-Do-Check-Act) cycle shed light on both successes and areas for improvement in 

integrating BIM into modular construction practices. By adopting the PDCA cycle, the 

thesis aims not only to understand the impact of BIM on various project types but also to 

systematically improve its application in the context of modular construction systems. 

 

The comparative analysis conducted in the thesis assesses how BIM influences different 

project types, shedding light on its varied implications across the construction sector. By 

focusing on modular construction systems, the research addresses a specific niche within 

the broader construction landscape, offering insights into the unique challenges and 

opportunities presented by modular projects. 

 

One notable aspect of the thesis is its proactive approach to continuous improvement 

within the PDCA cycle. By identifying gaps and needs in the existing literature and BIM 

practices, the thesis lays the groundwork for ongoing refinement. This emphasis on 

addressing shortcomings and adapting strategies distinguishes the research, positioning it 

not only as an analysis of the current state but as a catalyst for future advancements in BIM 

applications. 

 

Moreover, the acknowledgment of the gaps in the research literature serves as an important 

contribution. The thesis recognizes the need for further exploration and empirical evidence, 

particularly in the synergy between BIM and modular construction concerning 

construction quality. This recognition of a gap in existing knowledge is crucial, as it not 

only highlights areas for potential improvement but also suggests opportunities for future 

research endeavors. 
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Despite the potential synergy between BIM and modular construction in enhancing 

construction quality, the thesis points out a lack of direct evidence in the 19 selected 

articles supporting this hypothesis. This observation emphasizes the importance of 

conducting additional research to delve deeper into the specific benefits and tangible 

evidence of utilizing BIM and modular construction in tandem. By doing so, the research 

not only identifies a gap in the current literature but also advocates for a more 

comprehensive understanding through empirical studies, contributing to the academic and 

practical knowledge in this field. 

 

4.1. Discussion of Enhancing Modular Construction Quality through BIM 

 

This study provides a comprehensive discussion on the deficiencies observed in the 'check' 

and 'act' stages of the PDCA cycle, as well as broader considerations stemming from these 

identified shortcomings, by examining the potential of Building Information Modeling 

(BIM) and modular construction in enhancing quality. A fundamental observation arising 

from the reviewed literature is the inevitable necessity for a more robust and 

comprehensive approach to quality measurement within the context of BIM and modular 

construction. While the analyzed articles offer valuable insights into the potential benefits 

of these technologies for improving project quality, the absence of concrete and 

standardized metrics poses a significant limitation. Researchers must emphasize the 

development and implementation of standardized defect tracking systems to address this 

gap. This holistic approach enables a deeper understanding of the impact of BIM and 

modular construction on project quality, facilitating evidence-based decision-making in 

project planning and execution. 

 

A fundamental observation arising from the reviewed literature is the imperative need for a 

more robust and comprehensive approach to quality measurement within the context of 

Building Information Modeling (BIM) and modular construction. While the analyzed 

articles provide valuable insights into the potential benefits of these technologies for 

enhancing project quality, the absence of concrete and standardized metrics poses a 

significant limitation. Researchers must emphasize the development and implementation of 

standardized defect tracking systems, as well as the integration of BIM-derived data into 

quality assessment processes. This holistic approach enables a more thorough 

understanding of the impact of BIM and modular construction on project quality and 
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facilitates more accurate comparisons between different construction methodologies, 

thereby informing evidence-based decision-making in project planning and execution. 

 

Furthermore, the significance of conducting comparative analyses to evaluate the 

effectiveness of BIM and modular construction techniques cannot be overstated. By 

comparing projects employing these innovative methodologies with those utilizing 

traditional approaches, researchers can establish baseline performance metrics and assess 

the relative advantages and disadvantages of each method. Such comparative analyses 

allow for a nuanced understanding of the specific contributions of BIM and modular 

construction to overall project quality, thereby highlighting areas for improvement and 

informing future research and implementation strategies. 

 

In addition to quantitative analyses, qualitative insights derived from focus group 

discussions with project stakeholders offer invaluable perspectives on the practical 

implications of BIM and modular construction technologies. By capturing stakeholders' 

subjective experiences and perceptions, researchers can gain deeper insights into the real-

world impacts of these technologies and identify potential barriers to their adoption and 

implementation. Qualitative data complement quantitative analyses by providing context 

and nuance, enriching the overall understanding of the complex interplay between 

technology, processes, and project outcomes. 

 

Moreover, the importance of targeted quality improvements cannot be overstated in 

driving meaningful change in construction practices. Building upon the findings from the 

"check" phase of the PDCA cycle, researchers must develop tailored interventions and 

strategies to address identified deficiencies and enhance overall project quality. This may 

involve the development of BIM-specific quality control procedures, optimization of 

modular construction processes, and the implementation of industry-wide training 

programs to promote best practices in quality management and assurance. 

 

Lastly, the discussion emphasizes the iterative nature of the PDCA cycle and the 

importance of continuous improvement in driving advancements in BIM and modular 

construction. By actively soliciting feedback, refining measurement methods, and adapting 

interventions based on evolving project contexts and technological advancements, 
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researchers can ensure that their findings remain relevant and impactful in addressing the 

ever-changing challenges of the construction industry. 

 

In summary, the discussion section underscores the critical role of the PDCA cycle in 

guiding future research and practical implementations in the realm of BIM and modular 

construction. By addressing the identified deficiencies and embracing the recommended 

practices, researchers can drive systematic and sustained improvements in project quality 

and performance, ultimately contributing to the advancement of the construction industry 

as a whole. 

 

4.2. Future Research Areas 

 

This thesis serves as a catalyst for future research endeavors aimed at further enhancing the 

quality of modular construction through the integration of Building Information Modeling 

(BIM). The proposed Plan-Do-Check-Act (PDCA) cycle not only provides a systematic 

framework for current investigations but also paves the way for future explorations 

focused on elevating the quality standards within modular construction practices. 

 

Future research should rigorously employ a multi-pronged approach, drawing from 

quantitative and qualitative methods within the PDCA cycle. Robust quality metrics, 

encompassing various aspects like defect rates, client satisfaction, and project 

performance, coupled with comparative analyses against traditional methods, can establish 

a baseline for impact assessment. Further, in-depth qualitative measures like focus group 

discussions with project stakeholders can offer valuable insights into perceived quality 

changes. The "Act" phase of the cycle plays a crucial role in solidifying these findings. 

Implementing targeted quality improvements informed by the "Check" phase, such as 

refined BIM model quality control procedures or dedicated modularity training programs, 

can demonstrably enhance quality outcomes. By continuously iterating through this cycle 

and refining both the measurement and improvement strategies, a compelling body of 

evidence can be built to solidify the claim of BIM and modular construction's impact on 

quality. This data-driven approach, coupled with ongoing innovation and optimization, 

paves the way for a future where these integrated practices become synonymous with 

quality in the construction industry. 
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One avenue for future research lies in the in-depth examination of how BIM applications 

can specifically contribute to improving the quality aspects of modular construction 

projects. Investigating the impact of BIM on precision, accuracy, and consistency in the 

manufacturing and assembly of modular components could offer valuable insights into 

optimizing quality control processes. 

 

Furthermore, exploring advancements in BIM technologies and methodologies tailored to 

modular construction will be crucial. Future studies might delve into refining parametric 

modeling for increased customization within standardized sizes, enhancing clash detection 

algorithms to prevent errors during design coordination, and developing real-time 

collaboration tools that streamline communication and decision-making processes. 

 

The integration of artificial intelligence and machine learning into BIM for modular 

construction represents another promising avenue. Understanding how these technologies 

can predict and prevent quality-related issues, optimize material selection for enhanced 

durability, and facilitate real-time quality assurance will be instrumental in shaping the 

future of modular construction. 

 

Additionally, future research could focus on assessing the long-term quality implications 

of BIM adoption in modular construction projects. Investigating the lifecycle performance 

of structures designed and constructed using BIM could provide valuable data on the 

durability, resilience, and overall quality of modular buildings over time. 

 

Moreover, qualitative research can be employed to explore the perceptions of project 

stakeholders, including architects, engineers, contractors, and end-users, regarding the 

perceived quality improvements facilitated by the combined use of BIM and modular 

construction. Such studies would contribute to a comprehensive understanding of the 

multifaceted dimensions of quality within the context of these advanced construction 

methodologies. Overall, a holistic and multidimensional research approach is essential to 

substantiate and generalize the positive impacts of BIM and modular construction on 

construction quality.  

 

As the construction industry continues to evolve, this thesis encourages researchers to 

delve into these quality-centric aspects, fostering a continuous cycle of inquiry and 
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improvement. By addressing these future research areas, we can collectively contribute to 

a more robust understanding of how BIM can significantly elevate the quality standards 

within the realm of modular construction. 

 

In conclusion, this thesis provides valuable insights into the intersection of BIM and 

modular construction, offering a roadmap for further research and practical 

implementation. The comprehensive analysis, focus on continuous improvement, and 

identification of gaps contribute to the ongoing discourse on optimizing construction 

processes through advanced technologies. 
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