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Abstract: As construction projects become increasingly complex, modular integrated construction
(MiC) has emerged as a pivotal solution, driving integrated development in complex projects. How-
ever, the reliance on prefabricated modules underscores the crucial role of supply chain management
(SCM) in MiC, necessitating strategic planning and operational control. This study aimed to use
bibliometric analysis to map the SCM knowledge domain within MiC. Through the use of keywords
related to “supply chain” and “MiC”, 196 relevant papers were extracted from the Web of Science
database. These papers were subjected to co-citation analysis, keyword co-occurrence analysis, and
time span analysis to elucidate the historical evolution, multidisciplinary domains, and future direc-
tions in planning and control within SCM-MIiC. The research identified two milestones in SCM-MiC’s
historical trajectory, enhancing our understanding of its foundations. Moreover, 11 clusters were iden-
tified, illustrating the multidisciplinary nature of SCM-MiC. Dividing the literature into seven stages
of the supply chain, the research outlined four research directions aligned with project complexity
and technological development, highlighting current hotspots and gaps of the strategic planning and
control. These directions bridge the construction management and information technology domains,
guiding future SCM-MIiC research within complex project management.

Keywords: modular integrated construction; supply chain management; complex project management;
bibliometric analysis

1. Introduction

The construction industry is currently experiencing significant evolution, fueled by
the integration of pioneering methodologies aimed at addressing the escalating complexity
and requirements of contemporary construction projects. Within this context, modular
integrated construction (MiC) has emerged as an innovative construction methodology,
attracting increasing interest for its potential to revolutionize conventional building prac-
tices [1]. MiC resembles prefabricated construction, in which a considerable part of the
construction work is carried out offsite in a controlled factory setting and then transported
to the building site for assembly [2]. This approach has been increasingly recognized for its
potential to fundamentally change how projects are conceptualized, procured, designed,
constructed, and managed [3]. The transition towards MiC reflects a broader shift in the
construction sector towards more integrated and efficient processes, aligning closely with
the principles of industrialization and sustainability [4].

However, the shift to MiC also imposes new demands on the planning and control
mechanisms within the construction industry. Specifically, it underscores the crucial role of
supply chain management (SCM) in the successful implementation of MiC strategies [5].
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The prefabrication of modules at offsite facilities means that construction is no longer a
predominantly site-based activity but is rather one that is spread across multiple locations
and phases, integrating suppliers, manufacturers, and assembly processes seamlessly and
efficiently [6]. Effective SCM is pivotal in maximizing the efficiency of MiC projects, as it
addresses the complexities of logistics and management of materials, which are crucial
for timely project execution and controlling costs. Therefore, a key factor that profoundly
affects the success of MiC projects is the management of supply chains [3].

Existing research has recognized that the integral role of SCM within MiC (SCM-MiC)
necessitates a thorough examination of how traditional supply chain strategies adapt to the
modular construction environment [3,7]. Despite the burgeoning interest and increasing
volume of literature on MiC, a significant gap persists: a comprehensive scholarly review
that integrates these diverse insights into a unified framework is notably absent. Most
current studies have focused on specific elements of SCM-MiC, such as logistical challenges
or technological integration, failing to provide a holistic perspective on how these elements
are interconnected and collectively influence overall delivery of the project [3,7]. This
approach often results in an incomplete understanding of the evolution of the research, the
existing gaps, and the broader implications of the topic. Therefore, the research question
is as follows. What are the key trends, pivotal research contributions, and existing gaps
in the field of supply chain management within modular integrated construction from a
perspective of supply chain lifecycle?

To overcome the labor-intensive and potentially biased challenges inherent in tradi-
tional manual review methods [8], the use of bibliometric analysis has been proposed as an
effective alternative [9]. Bibliometric techniques offer a quantitative approach to systemati-
cally identify the bibliographic relationships within a large volume of literature [10]. Tools
such as Citespace and VOSviewer are instrumental in this regard, enabling researchers to
visualize the knowledge network accurately and comprehensively [11,12]. These tools have
the advantage of minimizing subjective interpretation by providing objective, data-driven
insights into the literature’s structure [13]. By using bibliometric analysis, researchers
can achieve a more nuanced and interconnected view of the SCM-MiC field, facilitating a
deeper understanding of its foundational and emerging themes.

In this research, we undertook a detailed bibliometric analysis to dissect the landscape
of SCM in every step of the supply chain from design to demolition within MiC. The
research aimed to reveal the evolving trends, seminal research, and notable gaps within
the existing research in SCM-MiC, suggesting directions for future research. The article is
structured as follows. First, the research background is described. The second part describes
the development of the research methodology based on the perspectives of bibliometric
analysis. On this basis, the filtered papers were all analyzed. Finally, the discussion and
conclusion are presented.

2. Research Background
2.1. Modular Integrated Construction in Complex Projects

Traditional complex construction projects often encounter issues such as inefficien-
cies, cost overruns, and delays [14-16]. For instance, empirical studies have indicated
that the average cost overrun for the development of infrastructure across Asian nations
has surpassed 25% [17], while a survey of 130 public projects revealed that 106 projects
(81.5%) experienced delays averaging over 289 days [18]. Modular integrated construction
(MiC) is increasingly recognized for its innovation in construction, offering substantial
improvements over traditional construction techniques [3]. MiC involves the prefabrication
of building modules at an offsite location, which are then transported to the construction
site for assembly. These modules can include structural elements, architectural finishes, and
mechanical, electrical, and plumbing systems that are pre-installed in controlled factory
settings [19]. Unlike the traditional approach, which depends heavily on on-site assembly,
MiC involves the offsite prefabrication of standardized modules that are later assembled at
the construction site [20]. This method effectively addresses many challenges of the con-
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struction industry in hospital construction during pandemics [16], construction of high-rise
buildings [21], and so forth.

Numerous studies have highlighted the efficiency of MiC, primarily through reduced
construction time. Gibb and Isack [22] provided evidence that MiC could cut projects’
overall timelines by up to 50% due to the parallel progression of site work and production
of the modules. Deep et al. [23] also noted significant time savings as being a critical factor in
a project’s delivery and crucial for complex projects where delays are costly. MiC facilitates
enhanced quality control, as the components are manufactured in a controlled environment,
reducing the variability seen in traditional construction methods [24]. Additionally, MiC
demonstrates potential environmental benefits, including reduced waste and lower carbon
emissions, emphasizing the sustainable nature of offsite construction practices [25]. While
the initial costs can be higher due to the need for specialized designs and transportation,
the project’s overall costs may be reduced through decreased on-site labor, less waste, and
a shorter project duration [26].

Despite its advantages, MiC faces challenges, particularly in logistical complexities
and integration with traditional construction methods [8,27]. Transporting large prefabri-
cated modules can present significant logistical challenges, especially in urban areas with
restricted site access [28]. The complexity increases with the size and design intricacies
of the modules. Integrating MiC with traditional construction methods poses challenges,
especially in terms of coordination and management of the interface between modular and
non-modular components [29]. These challenges of integration are heightened in complex
projects that may require bespoke solutions. Regulatory frameworks often lag behind
innovations in construction methods, presenting a barrier to the adoption of MiC. The lack
of standardized codes specific to modular construction can hinder its implementation [30].
Moreover, market acceptance remains variable, influenced by conservatism in the industry
and the novelty of the approach.

2.2. Supply Chain Management in Modular Integrated Construction

MiC offers significant benefits but encounters challenges that could limit its widespread
adoption [31]. These challenges include the high initial investment costs, issues with
scalability, regulatory obstacles, and the stakeholders’ resistance [32]. Addressing these
challenges effectively requires a comprehensive approach to supply chain management
for modular integrated construction (SCM-MiC), which encompasses procurement, trans-
portation, inventory management, and coordination among stakeholders, ensuring efficient
flows of materials, components, and information [33]. Initially developed in manufacturing,
SCM now encompasses procurement, transportation, and inventory management, and
has proved essential for increasing productivity [34], minimizing waste [35], and creating
value within construction projects [36]. The supply chain of construction is defined as the
sequence of stages that the resources of construction (materials, equipment, and personnel)
pass through in their entirety, from the points of supply to the construction site [37].

Critical to the effectiveness of SCM in construction are integration and collaboration
among stakeholders [38]. The success of SCM in construction hinges on the stakeholders’
integration and collaboration. The sector’s supply chains necessitate immediate sharing
of data and strong communication for effective coordination. Such cooperation, rooted
in solid stakeholder relationships, markedly improves a project’s outcomes by reducing
lead times [39], shortening delivery periods [40], and enhancing efficiency [41]. Effective
SCM-MiC is essential for overcoming obstacles, as it facilitates the on-time delivery of
modules [42], optimizes inventory levels [43], minimizes transportation costs [44], etc.
Moreover, leveraging technological innovations such as robotic automation and digital
tools can greatly enhance the framework of SCM-MiC. Implementing sustainable SCM
practices can also contribute to the environmental sustainability of MiC projects over the
long term [15,45].

However, the existing research has identified specific SCM-related challenges within
MiC projects. Poor management of MiC-SCM stands out as a significant barrier hindering
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the broader adoption of MiC [46]. This deficiency in management stems from ineffective
planning of the supply chain that fails to integrate the stages of MiC-SCM [47], as well as
from a lack of collaboration, trust, and real-time sharing of information among the stake-
holders of MiC-SCM [48]. Consequently, this results in a weakly integrated, unresponsive,
and suboptimal supply chain that undermines the advantages of MiC. These challenges
are pivotal to the effective execution of MiC. For instance, transporting the modular com-
ponents from the factories to the construction sites is often hindered by logistical issues
such as traffic congestion and inadequate infrastructure, affecting the project’s timelines
and efficiency [49]. Effective coordination of delivery schedules and optimization of trans-
portation routes are vital to circumvent these obstacles [42]. Moreover, achieving successful
stakeholder collaboration requires detailed management and robust communication strate-
gies [50]. Despite the recognized advantages of MiC and its logistic and SCM challenges,
there is an evident need for further investigation in this area. Future research should aim to
develop strategies that address the transportation challenges, improve coordination of the
supply chain, and tailor MiC approaches to accommodate specific site conditions.

2.3. The Utilization of Bibliometric Analysis

Several reviews have utilized bibliometric analysis to conduct literature reviews within
the field of MiC. For instance, Li et al. [51] conducted a bibliometric review focusing on
the management issues in prefabricated construction, analyzing 100 articles. Similarly,
Jin et al. [52] conducted a more extensive bibliometric analysis, examining 349 articles to
decipher the interconnections among the keywords, as well as the collaborative networks
among the research sources, scholars, and nations. Additionally, Han et al. [53] executed a
bibliometric evaluation of 131 articles, engaging in qualitative discussions to delineate the
prevailing trends and gaps within the SCM-MiC research area.

However, many reviews have often addressed the logistics and supply chain aspects
of MiC projects in a fragmented manner. They may have narrowly focused on one aspect
or concentrated excessively on specific topics such as such as policies [54], environmental
and economic performance [55], stakeholders [56], and critical factors [57], losing sight of
the broader context and failing to provide a comprehensive overview of the field. This
fragmented approach has hindered the development of a coherent understanding of MiC
and its associated challenges of supply chain management. Therefore, despite their contri-
butions, these reviews fall short of providing insights into the distinct operational problems
at each stage of the supply chain and how these challenges have been resolved. There
remains a lack of in-depth systematic analysis of the modeling approaches and problem
formulations across the stages of SCM-MiC, spanning design, manufacturing, procurement,
transportation, inventory, and installation. Addressing these gaps would contribute to a
more comprehensive understanding of SCM-MiC and guide future research in the field. In
essence, bibliometric analysis offers a robust methodology for synthesizing and analyzing
vast amounts of literature, providing valuable insights into the landscape of research into
complex project management. By mapping out citation networks; identifying the key
authors, institutions, and research themes; and uncovering emerging trends, bibliometric
analysis serves as a powerful tool for understanding the evolution and current state of
the field.

3. Research Methodology
3.1. Method of Bibliometric Analysis

Advancements in information technology and scientific visualization have established
bibliometrics as essential for researchers studying trends in academic literature. This
approach examines bibliographic data to reveal complex scholarly relationships. For
example, co-citation analysis groups scientific articles based on their citations” connections
and thematic similarities, revealing the main research communities and foundational
studies [58]. Keyword co-occurrence analysis highlights the dominant research topics and
methods, offering insights into current and emerging scholarly discussions [59]. Timespan
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analysis tracks the evolution of research themes, marking critical developments in academic
discourse [60].

Tools such as Citespace, Citnet, Bibexcel, Sci2, and VantagePoint are crucial for con-
ducting bibliometric analyses [61]. These tools help researchers visualize and statistically
analyze the knowledge landscape. We chose Citespace (Version 6.1.R6, Manufactured by
Chaomei Chen, Philadelphia, PA, USA) for several reasons: it offers comprehensive visual-
ization capabilities and it excels in dynamic analysis for tracking the evolution of research
topics [62]. Additionally, it integrates seamlessly with major bibliographic database such
as Web of Science, ensuring efficient data retrieval. In construction management, biblio-
metric methods have proven effective in synthesizing and exploring extensive research
landscapes [63,64].

3.2. Data Collection
3.2.1. The Database

This research leveraged the Web of Science (WoS) database for collecting high-quality
bibliometric data. Recognized for its inclusion of over 12,000 reputable and influential
academic journals, WoS aggregates content from the Science Citation Index (SCI) and
the Social Science Citation Index (SSCI), offering a broad spectrum of high-quality data
necessary for the scope and depth of bibliometric analysis envisioned in this study [12].
Its established use in previous studies highlights its effectiveness in providing detailed
bibliographic records for statistical analysis [9]. The study specifically targeted peer-
reviewed articles and reviews for their acknowledged academic rigor. This approach
aligned with the methodologies of prior reviews by Xue et al. [63] and Derakhshan et al. [65],
ensuring a focus on literature with recognized scholarly integrity.

3.2.2. The Search Terms

The search terms utilized in this study were structured in two components to com-
prehensively capture literature that was relevant to logistics, supply chain, and modular
integrated construction. The first component included terms such as “logistics” and “supply
chain”, drawn from previous review studies, to ensure coverage of the relevant literature
in these domains. The second component comprised project-related vocabulary, expanded
to encompass various terms associated with modular construction, as detailed earlier in
Section 2.2. A preliminary search was conducted for articles published between 2000 and
2022 to capture relevant literature over a significant timeframe.

The building and construction industry uses various alternative terms to describe
concepts related to prefabrication. These terms, such as “industrialized buildings”, “offsite
construction”, and “modular building”, were included in the search strategy to ensure com-
prehensive coverage of the relevant literature. The formulation for retrieval of the literature
was established as follows: (“logistics” OR “supply chain”) AND (“modular integrated
construction” OR “modular construction” OR “prefabricated building” OR “prefabricated
construction” OR “prefabricated prefinished volumetric construction” OR “industrialized
building” OR “industrialized construction” OR “offsite building” OR “offsite construction”
OR “precast construction” OR “precast building”). The initial search yielded 271 articles.

The WoS core database, renowned for its credibility, served as the primary source for
collecting the relevant literature. Review articles and other irrelevant publications were
filtered out according to predetermined criteria. Only articles exclusively linked to the WoS
core were retained after this process. Next, publications lacking specific keywords in their
titles or abstracts were excluded, followed by a manual review of the titles and abstracts
to remove less relevant literature swiftly. The remaining records were then organized for
subsequent bibliometric analysis. As a result, 196 articles were deemed eligible for further
analysis in the subsequent phase. The diagram of the PRISMA process is shown in Figure 1.
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Figure 1. Diagram of the PRISMA process.

3.2.3. Bibliometric Records

Each bibliographic record contains the metadata of a published article, including the
authors’ names, the articles’ titles, abstracts, keywords, volume numbers, DOI references,
and all references cited within the articles.

3.3. Data Analysis
3.3.1. Co-Citation Analysis

Document co-citation analysis involves tracking articles that are often cited together,
signaling shared research interests [66]. This method connects articles in a co-citation
network, treating each as a node. The connections or links between nodes reveal the
relationships and group articles into clusters, identifying distinct knowledge domains and
specific research topics. Visualizing these networks helps elucidate the structure of the
knowledge domains and the interconnectedness of articles.

3.3.2. Keyword Co-Occurrence Analysis

Co-occurrence analysis determines the prevalence of specific keywords within the
dataset, indicating their relevance in the research area [13]. This analysis reveals the
core concepts and themes within the research domain, showing what topics are the most
frequently explored [67]. By identifying these patterns, researchers can discern the primary
focus areas and conceptual underpinnings of the literature.

3.3.3. Time-Span Citation Analysis

Time-span citation analysis identifies pivotal articles across different periods, reflecting
the evolution of a research topic [63]. It involves counting citations to highlight frequently
cited works within specific timeframes. Tracking these citations over time reveals shifts
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in influential articles, indicating how research trends and seminal works have developed,
thus offering insights into the dynamic nature of the research domains.

4. Results
4.1. Results of Data Collection

The literature review conducted on research into logistics and supply chain manage-
ment within the construction industry, particularly modular integrated construction (MiC),
yielded valuable insights into the developmental trends of the related research. Figure 2
illustrates the progression of SCM-MiC research from 2000 to 2023, based on data obtained
from the sample in this study. In general, the quantity of published articles demonstrated
a pattern of gradual then accelerated expansion. Consequently, the timeframe of publica-
tion for the studies can be divided into three distinct phases: an initial stage, a phase of
fluctuating growth, and a phase of rapid development.

60

50

53
48
40
35
30
) 19
13

1 7

1 1 2 3 1 3 I

2000 2002 2011 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

(=]

[

Figure 2. Year of publication.

(1) Initial stage (2000-2010): Before 2010, there was a relatively modest number of pub-
lished articles. Much of the literature on MiC comprised policy recommendations for
program and project management, with limited academic exploration of supply chain
management in MiC.

(2) Fluctuating growth phase (2011-2020): During this period, there was a gradual increase
in the number of publications. As construction standards evolved and international
competition intensified, MiC began to have greater significance. Many researchers
recognized the need to integrate supply chain activities to optimize MiC activities.

(3) Rapid development phase (2021-present): The number of published articles experi-
enced rapid growth, peaking in 2022. Compared with 2021, the volume of literature
in 2022 surged by over 150%, indicating a growing emphasis on the study of SCM-
MiC worldwide.

4.2. Knowledge Domains

The provided text explains how the literature’s co-citation network was organized
into clusters based on the interconnections between the nodes. These clusters were then
labeled using a statistical technique called the LLR (log-likelihood ratio) test. This method
is a statistical technique utilized in the analysis of co-citation networks to determine the
significance of words or terms associated with clusters [58]. A higher LLR value indicates
that the observed frequency of a term within a cluster is significantly different from what
would be expected by chance alone, suggesting that the term is meaningful or characteristic
of that cluster [68]. By applying the LLR method, clusters in co-citation networks can be
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labeled with terms that are statistically significant and representative of the content within
each cluster.

Here, we discuss the outcomes of clustering analysis conducted in the field of logistics
in modular integrated construction (MiC). Table 1 presents a comprehensive list of 10 signif-
icant clusters, each containing at least five group members. Notably, the silhouette value for
each cluster exceeded 0.7, indicating the reliability of the results for further interpretation.

Table 1. Top-ranked clusters.

Cluster ID Size Silhouette Value Mean Year Cluster Name Category
0 49 0.837 2018 Social network analysis Methods
1 49 0.712 2018 Optimization Directions
2 48 1 2012 Prospects and challenges Challenges
3 42 0.76 2017 Game theory Methods
4 26 1 2011 Factors of critical assessment Challenges
5 19 1 2012 Management of the products’ lifecycle Directions
6 14 0.913 2014 Mitigation strategies Methods
7 8 0.935 2013 Decision support systems Methods
8 6 1 2010 Building an information model Directions
9 5 0.977 2020 Supply chain’s capabilities Directions

The results highlighted the most substantial cluster, focusing on stakeholders (Cluster
0), which included 49 publications. This emphasizes the importance of collaboration within
logistics in construction, with social network analysis being the most prevalent method
studied. Additionally, the results revealed other significant clusters such as Cluster 3,
focusing on game theory and supply chain management, and Cluster 2, which included
theoretical studies on prospects and challenges of the process of logistics. Furthermore,
clusters such as Cluster 4 (factors of critical assessment) and Cluster 9 (the supply chain’s
capability) address challenges that may arise in the process of logistics, highlighting the
importance of management within logistics in MiC (Figure 3).
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Figure 3. Clusters of knowledge domains within the related research. Luo L.Z. (2019) [50]; Hwang
B.G. (2018) [69]; Hsu P.Y. (2018) [70]; Wang Z.]. (2019) [71]; Arbulu R.J. (2003) [72]; Hook M. (2008) [73];
Jaillon L. (2008) [74]; Goodier C (2007) [75]; Li Z.D. (2014) [76]; Pan W. (2011) [77]; Jin R.Y. (2018) [52];
Hosseini M.R. (2018) [78]; Zhai Y. (2017) [39]; Li X. (2019) [79]; Rahman M.M. (2014) [80]; Zhong R.Y.
(2017) [81]; Li C.Z. (2018) [82]; Wang Z.J. (2020) [48]; Bortolini R. (2019) [83]; Liu Y. (2020) [84].
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4.3. Knowledge Evolution

Here, we present the results of the time-span analysis, depicted in Figure 4, which
revealed a distinct division of the evolution of knowledge into two stages on the basis of the
timeline. In the initial stage, predating 2015, research and scholarly contributions regarding
logistics in modular integrated construction (MiC) were emerging but limited. Attention
and investigation in this field were relatively modest, with fewer publications and scholarly
discussions dedicated to logistics-specific issues within the context of construction.

/6_ Z%:) S @ #0 Social network analysis

= P PSS > #1 Optimization
#3 Game theory
#4 Factors of critical assessment
#5 Management of the products' lifecycle
#6 Mitigation strategies
#7 Decision support systems

_— e g - o—@ e #8 Building an information model

~ #9 Supply chain's capabilities

Figure 4. Timeline of research domains.

However, the second stage, spanning from 2016 to the present, witnessed significant
growth and development in the knowledge base concerning logistics in MiC. Researchers
and industry practitioners increasingly recognized the significance of logistics in project
delivery, supply chain management, and handling of materials. Consequently, there was a
surge in the number of publications, research studies, and academic contributions during
this period.

Furthermore, the results highlighted a shift in the focus of research between the two
stages. In the first stage, there was more emphasis on the technical methods of logistics
in MiC, whereas in the second stage, the focus of research shifted towards the capability
and resilience of the supply chain. This change underscores the evolution of priorities and
interests within the domain of research, suggesting that relevant research in this field will
continue to gain attention.

4.4. Knowledge Frontiers

This section provides a summary of the findings derived from the keyword co-
occurrence analysis spanning from 2010 to 2023, which is visually represented in Figure 5.
In this analysis, the most frequently occurring keywords are depicted with larger characters,
revealing three primary research aspects. First, the research delves into supply chain man-
agement, decision-making processes, blockchain technology, management of demolition
waste, and optimization of the supply chain. Second, it focuses on research targets such
as prefabricated buildings, modular construction, and offsite construction methodologies.
Third, it explores research methods including model research, social network analysis, and
case studies.

Additionally, the results revealed recent strong citation bursts depicted in Figure 5,
indicating emerging trends in research into supply chains and logistics within MiC. These
trends encompass the integration of artificial intelligence and machine learning techniques,
the adoption of building-model technology for enhanced traceability, the process of reverse
logistics, and exploration of the principles of the circular economy in construction supply
chains. The literature review underscored the importance of future research endeavors
centered on evaluating the practical implementation of these innovations and assessing
their impact on the supply chain’s performance within the context of MiC.
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5. Discussion and Implications
5.1. Milestones in the Development of SCM-MiC

The chronological markers identified through the timespan analysis, as depicted in
Figure 4, serve as crucial indicators of the progress made in SCM-MIiC projects. Initially,
the focus of research was on fundamental principles and methodologies of supply chain
management [85,86]. This foundational work established the basic framework for under-
standing and managing supply chains in modular integrated construction (MiC). Over time,
there has been a clear progression towards the application of advanced technologies and
theories across various sub-domains, such as digitalization, automation, and sustainable
practices [4,8]. This trend showed the evolution of SCM-MiC from the exploration of basic
theories to the integration of multidisciplinary fields within the construction industry. The
adoption of technologies such as building information modeling (BIM) and the internet of
things (IoT) has been particularly noteworthy, marking significant milestones in enhancing
efficiency and collaboration in SCM-MiC projects [87,88]. These chronological markers not
only highlight the key developments in SCM-MiC but also reflect the dynamic nature of
this field, driven by continuous innovation and interdisciplinary integration.

5.1.1. Birth Stage: Concept and Method of SCM-MiC

The birth stage of SCM-MiC marked the initial forays into fundamental applications
and methodologies within the field. During this phase, researchers focused on exploring
the potential of leveraging the supply chain to optimize the efficiency of construction,
although their understanding of SCM in modular building processes was still developing. A
significant milestone during this period is the work of Doran and Giannakis [86], titled “An
examination of a modular supply chain: a construction sector perspective”. This seminal
article delved into modular practices and principles within the construction sector’s supply
chain, aiming to elucidate the alignment between supply chain practices and principles of
modular construction.
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Additionally, research during this stage delved into the overarching prospects and
challenges inherent in SCM-MiC, such as the supply chain’s transparency [89], deeper
explorations of the challenges [90], and analyses of the major barriers [91]. Moreover, this
stage witnessed an exploration of management methodologies and emerging technologies
in supply-chain-related research, aiming to enhance the efficiency of construction. Projects
focused on management of the projects’ lifecycle (Cluster 5) and building an information
model (Cluster 8) aligned closely with the temporal aspects of the timespan analysis. For
instance, the study by O’Connor et al. [92] provided insights into the characteristics and ben-
efits of modular projects with standard designs, while the research by Arashpour et al. [93]
optimized decision-making processes in offsite construction networks, ultimately aiming to
eliminate schedule delays and increase efficiency in modular construction practices. Arash-
pour et al. [94] built an autonomous production tracking method to eliminate schedule
delays and the increased costs of deficiencies in offsite construction.

5.1.2. Development Stage: The Application of Technology and the Focus of SCM-MiC

After the year 2015, the landscape of research within SCM-MiC experienced a signifi-
cant expansion, marking the onset of a growth phase. This period was characterized by a
concerted effort to address the complex challenges posed by the multifaceted aspects of
supply chain dynamics within the MiC domain. While previous research predominantly
focused on the risks encountered during the construction stage of MiC projects, a compre-
hensive assessment revealed that schedule-related risks permeated modular integrated
construction across the entire supply chain. Hsu et al. [8] highlighted this observation,
emphasizing that risks manifested at every stage, from design and manufacturing to lo-
gistics and on-site assembly. In response to this understanding, Li et al. [95] delved into
stakeholder-related risks, exploring their intricate cause-and-effect relationships. Their
work aimed to uncover the network of potential risk factors associated with stakeholders,
which significantly impact the complex framework of MiC projects. This perspective was
further supported by Luo et al. [50], who meticulously identified and analyzed these risk
factors, underscoring their pivotal role within the MiC landscape. Similarly, the contribu-
tion of Arshad and Zayed [7] offered valuable insights into the challenges arising from the
complex supply chain and the sensitive logistical processes inherent in MiC projects.

Following the exploration of the supply chain’s risks within the context of the MiC
approach, researchers shifted their focus towards examining the supply chain’s resilience,
vulnerability, and capability, which represent critical dimensions contributing significantly
to the robustness and effectiveness of SCM-MiC [96,97]. In light of the complex risks
inherent in MiC projects, there was an increasing emphasis on the supply chain’s resilience,
which involves equipping supply chains with the ability to anticipate, withstand, and
recover from disruptions such as manufacturing delays, transportation issues, or unfore-
seen design changes [98,99]. In addition to the supply chain’s resilience, assessments of
vulnerability played a vital role. Researchers analyzed potential weak points in MiC supply
chains that were susceptible to disruptions such as material shortages, breakdowns of trans-
portation, or regulatory shifts to develop strategies to mitigate these vulnerabilities [100].
Furthermore, the supply chain’s capability, referring to the inherent ability of a supply
chain to efficiently deliver products or services, garnered attention from researchers. They
sought to identify factors that enhance the supply chain’s capabilities, including accurate
predictions of demand, streamlined stakeholder coordination, and optimized inventory
management strategies [40].

The prevailing themes of this research direction, which included optimization, sim-
ulation, scheduling, and decision-making, collectively underscored the commitment to
enhancing the efficiency, effectiveness, and overall performance of projects within the
subject’s domain. Researchers incorporated diverse approaches such as social network
analysis (SNA), fuzzy logic techniques, and game theory, among others. SNA highlights
stakeholder-associated risks, interactions, and challenges, aiming to provide a structured
framework for effectively managing these risks within MiC projects [101,102]. Addition-
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ally, researchers leveraged fuzzy logic approaches to discern a comprehensive array of
the critical factors [90,103,104]. Moreover, game theory is widely utilized in optimization
and simulation scenarios for modeling strategic decision-making among interdependent
participants [53,105,106]. In this context, the research methodology centers around the
identification and examination of these pivotal factors, constituting a holistic approach to
understanding and enhancing the performance of the supply chain within the realm of
MiC projects.

5.2. Major Knowledge Domains of SCM-MiC

The co-citation analysis identified three key dimensions within SCM-MiC: strategies,
topics, and challenges. SCM strategies encompass methodologies such as social network
analysis, game theory, and decision support systems, which are crucial for understanding
the stakeholders’ interactions and navigating complex decision-making processes. In
today’s global and risk-prone supply chains, these strategies facilitate agile responses to
disruptions [107,108]. Additionally, focusing on the refinement of processes, leveraging
information models, and coordinating the stages of the products’ lifecycle underscore the
new demands on the planning and control mechanisms of SCM. Integration of technological
advancements such as Al and big data analytics is imperative for optimizing supply
chains [109,110]. Addressing the challenges of SCM involves grasping the industry’s
trends, overcoming obstacles, and aligning SCM-MIiC initiatives with organizational goals
through the factors of critical assessment.

5.2.1. Directions of Supply Chain Management

In the evolving landscape of SCM-MiC, the importance of sophisticated planning
and control mechanisms cannot be overstated. These complexities are reflected in the
analytical methodologies, which are distributed across four significant clusters, highlight-
ing critical areas such as optimization, management of the products’ lifecycle, modeling
information, and enhancement of the supply chain’s capability. However, uncertainties
and risk factors inherent in any link can significantly impact the overall operation of the
supply chain [111]. Analytical methodologies in SCM-MiC, represented by four clusters,
underscore the importance of improvements in the supply chain [112,113].

Firstly, optimization (Cluster 2 in Table 1) of MiC projects is crucial. Optimization of
the supply chain aims to streamline the processes to achieve the best possible outcomes,
balancing cost, speed, quality, and sustainability. Utilizing data analysis, mathematical
modeling, and advanced algorithms, optimization techniques enhance forecasts of demand,
management of the inventory, scheduling production, routing transportation, and resource
allocation [32,83,114].

Secondly, management of the products’ lifecycle (Cluster 5 in Table 1) plays a sig-
nificant role. Studying the lifecycle of the production system provides valuable insights
and benefits for organizations involved in manufacturing and business operations. In
supply chain management, the lifecycle of the production system ensures that products are
designed with considerations for manufacturability, sustainability, and end of life [115]. By
facilitating collaboration and information-sharing, it reduces the time to market, minimizes
defects in the products, and enhances the supply chain’s overall efficiency [116,117].

Thirdly, establishing a comprehensive information model (Cluster 8 in Table 1) is
critical for effective supply chain management. A robust information model provides
transparency in the supply chain, enabling better decision-making, faster resolution of
issues, and improved collaboration among stakeholders [32,83]. And finally, the supply
chain’s capability, introduced in Section 5.1.2, is a vital area of research. Enhancing the
supply chain’s capabilities involves investment in technology, talent, and processes to meet
customers’ demands and strategic objectives. A resilient and agile supply chain with strong
capabilities can navigate disruptions, seize opportunities, and consistently deliver value
to customers.
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5.2.2. Methods of Supply Chain Management

In the realm of SCM-MiC, the evolving landscape demands a profound re-evaluation
of the planning and control mechanisms to navigate the intricacies of the stakeholders’
dynamics, strategic decision-making, and optimization of the supply chain. Among these,
social network analysis (Cluster 0 in Table 1) stands out as a major knowledge domain.
Recognizing stakeholders’ participation as a critical driving force stimulating the demand
for SCM-MIC studies (as stated in Section 5.1), numerous discussions have focused on
effectively managing a project’s stakeholders [50,101]. Given that construction projects
often attract significant public attention due to their use of public funds and profound
social impact, it is imperative to identify the stakeholders’ concerns clearly to detect the
key challenges and associated risks of the stakeholders [63,114].

In addition to social network analysis, game theory (Cluster 3 in Table 1) has emerged
as another frequently utilized simulation method. Game theory has proven invaluable
for identifying suitable suppliers of various modular components and facilitating contract
negotiations that align the goals of different suppliers, contractors, and stakeholders [32].
Moreover, the social equation model (SEM) has also been used to demonstrate that integrat-
ing different aspects of the supply chain positively impacts the operational performance,
thereby improving the financial performance of the companies involved in the process of
integration [118].

In advanced MiC, making robust supply decisions is vital. As the construction in-
dustry becomes more industrialized and digital, a decision support system (Clusters 7
in Table 1) utilizing ontology and multiagent methods is recommended for SCM-MiC.
Through mathematical analysis and evaluations of real projects, this approach enhances
decision-making in the manufacturing of prefabricated product [119,120].

5.2.3. Topics of Supply Chain Management

Supply chain management in modular integrated construction presents several unique
challenges due to the combination of the attributes of manufacturing and construction,
involving the offsite manufacturing of building components and their subsequent on-site
assembly. These challenges span every aspect of the supply chain, with numerous studies
discussing potential solutions. The overarching goal is to find effective strategies for
addressing the challenges related to capability, resilience, vulnerability, and efficiency.

Identifying critical factors (Cluster 4 in Table 1) is paramount, including the optimiza-
tion of scheduling, decision-making, and transportation [119,121,122]. Additionally, one
study modeled the dynamic impact of the supply chains’ vulnerabilities and capabilities on
the supply chains [98]. Wang et al. [123] systematically analyzed risks to the supply chain
and calculated the risks’ balance point, concluding that risks can persist in the supply chain
for extended periods.

Delving into the prospects and challenges (Cluster 2 in Table 1), delays in the schedule
of construction have emerged as a fundamental challenge. These delays can stem from
various factors and have far-reaching consequences for all stakeholders involved [8,124].
Additionally, accurately predicting the lead times for the manufacturing and transportation
of modular components poses a challenge, given the coordination required among various
processes and the potential disruptions impacting delivery schedules [20]. While modular
construction offers potential cost savings, effectively managing the costs across the supply
chain necessitates meticulous monitoring and control, especially considering potential
variations in the costs of materials and the efficiency of production [125]. Implementing
circular economy principles, such as reusing and recycling materials, within the supply
chain of modular integrated construction can be complex. Designing components with
future repurposing or recycling in mind can challenge the traditional thinking of a linear
supply chain [126]. Moreover, concrete operational challenges persist. Adapting modular
components to specific on-site conditions can be operationally challenging. Ensuring
a seamless fit with the existing infrastructure and making the necessary adjustments
efficiently are essential for smooth assembly [127].
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5.3. Trends in the Supply Chain Management in MiC

Utilizing co-occurrence network analysis from 2011 to 2023 as a foundational frame-
work, this study delved into the focal points at the cutting edge of SCM-MiC, as illustrated
in Figure 5. The forthcoming changes in SCM-MiC align with the lifecycle processes and
new technologies commonly found in modern construction projects. We compiled the es-
sential co-occurrence keywords into a two-dimensional classification matrix, distinguishing
between the SCM-MiC process and the main research domains of SCM-MiC summarized
above. By leveraging such analytical tools, researchers and practitioners can pinpoint the
vital intersections between emerging technologies and the lifecycle processes of complex
construction projects.

Regarding the lifecycle of construction processes, Figure 6 depicts the distribution
of studies concerning the stages of construction and their research emphases. The stages
of the supply chain encompass the overarching stages of the supply chains’ research, de-
sign, production, procurement, transportation, inventory, installation, and demolition.
Predominant research directions center around optimization, simulation, scheduling, and
decision-making. These investigations are often underpinned by specific methods, includ-
ing building information modeling (BIM), artificial intelligence (Al), blockchain, the internet
of things (IoT), and radio frequency identification (RFID). A color map is utilized to better
visualize these matrices. Each graph is supplemented with a two-dimensional polynomial
trend line to demonstrate the accumulation of knowledge in each of these research areas.
Therefore, these figures provide an overview of mainstream research on the modeling of
SCM-MiC and can guide researchers in identifying areas that need further study.

tages of the supply Demoli.
chain De- Produc- Procure- Transporta- Inven- installa- Overall
tion and
Research focus sign tion ment tion tory tion counts
reuse
Optimiza-
) 3 18 5 5 1 94
tion
Directions Simulation 15 19 1 14 4 6 1 60
Scheduling 6 18 2 13
Decision-
making
BIM
RFID

Methods

Blockchain 6 B
loT 1 1
Overall counts 141 150

Figure 6. Research trends and 2D classification matrix of SCM-MiC based on stages of the supply
chain and solution methods. Note: Red color indicates there are 0 relevant papers; orange color
indicates 1-4 relevant papers; yellow color indicates 5-9 relevant papers; light green color indicates
10-20 relevant papers; deep green color indicates more than 20 relevant papers.

5.3.1. Specific Research into the Stages of SCM-MiC

According to Figure 6, it is evident that the directions of SCM-MiC, including opti-
mization, simulation, scheduling, and decision-making, are closely related to the field of
project planning and control. These terms are commonly used to enhance processes, make
efficient decisions, and optimize various aspects of systems. However, the distribution
of the stages of research stages appears to be uneven, with earlier steps exhibiting higher
article counts.

Examining the supply chain process depicted in Figure 6, prior researchers have
primarily focused on addressing challenges at the stages of design (104 studies involved in
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total), production (115 studies involved in total), and transportation (60 studies involved in
total). Design choices made during the initial phases of MiC projects significantly influence
the effectiveness of the subsequent stages of the supply chain. Consequently, fostering
close collaboration among design teams across diverse disciplines becomes imperative [20].
Furthermore, the research trend aimed to simplify uncertainties in the process of production
related to goals and methods, to resolve conflicts between different industries on-site, and
to address interdependencies among the supply chain’s members [128]. Moreover, the
intricate logistics of transporting materials and equipment procured from the suppliers to
designated construction sites necessitate meticulous planning to optimize route selection,
modes of transportation, and scheduling [122].

The number of research articles focusing on procurement (15 studies involved in total),
inventory management (16 studies involved in total), installation procedures (19 studies
involved in total), and demolition strategies (3 studies involved in total) is relatively
limited. Effective procurement strategies demand a thorough evaluation of the critical
factors such as quality, cost, availability, and lead times [129]. Establishing collaborative
partnerships with suppliers is crucial to ensure reliable sources and negotiate favorable
terms [130]. Efficient inventory management is essential for the seamless functioning
of the supply chain, ensuring timely access to the necessary materials and preventing
disruptions caused by shortages or excess inventory [70]. Technological advancements
play a vital role in enhancing the precision of inventory management, with specialized
software tailored to the construction industry and real-time tracking systems improving the
efficacy of oversight [131]. Addressing the complexities of installing large components and
promoting streamlined collaboration in lean construction requires a focus on installation
methodologies and the integration of information technology solutions [83]. Additionally,
as modular integrated buildings continue to develop, attention to the management of
demolition becomes imperative, considering the entire lifecycle of the building. Scholars
are increasingly exploring demolition strategies and the reuse of components for specific
buildings, highlighting the importance of sustainability in construction practices [132]. As
research in SCM-MiC progresses, addressing the lacunae in these understudied areas will
be crucial for advancing the field’s understanding and enhancing its practical applications.

5.3.2. Improvements in the Directions of SCM-MiC

In terms of the research directions, planning and optimization of the control of complex
projects has received the most attention from previous researchers in SCM-MiC, followed
by simulation, decision-making, and scheduling. This trend reflects a concerted effort to
enhance the operations and management of the supply chain’s processes within the context
of modular integrated construction. This indicates a sustained interest and recognition of
the importance of optimizing the supply chain’s processes, simulating various scenarios,
making informed decisions, and scheduling activities efficiently to overcome the challenges
and complexities inherent in MiC projects.

In the realm of SCM-MiC, research into optimization is directed towards identifying
optimal decisions and strategies across various aspects such as resource constraints, sup-
ply arrangements, and resource allocation. Researchers have used mathematical models,
algorithms, and computational tools to optimize factors such as the cost, time, resource
utilization, and quality, with the overarching goal of minimizing waste, maximizing re-
source utilization, and enhancing the overall performance of the supply chain. In recent
years, there has been a notable emphasis on optimizing the processes of fitting and decision-
making. Traditionally, managing the dimensional and geometric variability in MiC involved
trial and error approaches and standardized tolerance values, which often led to the risk of
reworking [46]. However, the adoption of decision-making and optimization approaches
in SCM-MiC has introduced considerations of uncertainty [119]. For instance, techniques
such as fuzzy set theory and the analytic hierarchy process (AHP) have been utilized to
capture uncertainty effectively [133]. Moreover, uncertainty analysis, aimed at supporting
optimization efforts, has been facilitated by various methods such as multi-attribute utility
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theory [134], media richness theory [135], discrete event simulation experiments [6], and
cloud models [136]. The integration of uncertainty analysis has substantially enriched the
field of SCM-MIiC, highlighting the importance of addressing uncertainties in decision-
making and the processes of optimization.

Based on the outcomes derived from numerical simulation, a set of managerial impli-
cations has been formulated to drive the advancement of MiC. These recommendations
encompass strategies for widespread awareness, obligatory enforcement, enhanced inte-
gration of the industrial chain, and more robust guidance for the factories making the
components [137]. To address environmental concerns, innovative scheduling methods
for on-time production of precast components have been produced, leveraging integrated
simulation—optimization algorithms, with the differential evolution-simulation approach
standing out for effectively minimizing total weighted earliness and tardiness [138,139].
Numerous methods have been used to simulate scenarios of supply chain management
in modular integrated construction, including approaches such as game theory and ge-
netic algorithms. Effective coordination and timing of operations throughout the supply
chain of offsite construction are crucial for project success. An orderly framework is pre-
sented to manage the supply chain, covering strategic planning, master planning and
scheduling, and detailed planning and scheduling [140]. Additionally, a distinct approach
involving integrated scheduling of offsite logistics for high-rise modular building projects
has been suggested. This approach effectively addresses project-specific constraints and
uncertainties, enhancing the project’s overall efficiency and performance [47].

5.3.3. Generalization of Research Methods in SCM-MiC

The most frequent solution methods used to solve the planning and control problems
of the different stages of the SCM-MiC are BIM, blockchain, the IoT, and RFID. During on-
going technological progress, BIM plays a crucial role in navigating complex issues within
MiC projects [83]. Functioning as an information exchange and dissemination platform
among MiC projects, building information modeling (BIM) presents a novel avenue for the
accurate and instantaneous collection of stakeholders’ information. A promising avenue
is its integration with internet of things (IoT) technology [15,141]. In instances such as
MiC projects, the combination of BIM models with RFID labels has been used to share
stakeholders’ information, leading to enhanced schedule performance [142,143].

Additionally, the integration of blockchain technology holds promise for enhancing
transparency, traceability, and trust within construction supply chains. Mechanisms such
as smart contracts and secure data sharing streamline contractual procedures and mitigate
conflicts, thereby promoting operational efficiency [48].

Looking forward to the Industrial Revolution 4.0, there is an expectation of the emer-
gence of more advanced integrated information tools that will bolster SCM-MiC’s capacity
to address sustainability, complexity, and uncertainty in construction projects [144]. In
the current research landscape, there is a notable trend towards exploring and adopt-
ing advanced digital solutions to enhance efficiency, collaboration, and decision-making
throughout the process of construction. Artificial intelligence (Al) stands out as a powerful
tool with diverse capabilities, although its utilization in the construction field remains
relatively limited compared with other sectors. Al holds significant potential, particularly
in complex construction projects such as MiC, where it can accurately predict events, risks,
and costs during the planning stage, leading to improved project outcomes and streamlined
processes [145]. There is ample opportunity for further research into the applications of Al
in SCM-MIC to unlock its full potential for driving innovation.

5.3.4. Research on Supply Chain Systems in MiC

After delving into the risks that supply chains face in the context of complex MiC
projects, researchers have shifted their focus to explore four critical aspects: the supply
chain’s resilience, the supply chain’s vulnerability, the supply chain’s capability, and the
supply chain’s efficiency [146-148]. This line of research has predominantly focused on
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analyzing the entire system within SCM-MiC, aiming to understand its intricate workings
and interactions (Figure 7).

Topics
Capability Resilience Vulnerability Efficiency
Research methods
BIM 2 4 0 7
RFID 1 0 0 2
Blockchain 0 1 0 1
loT 0 0 0 0
Game theory 1 1 1 3
Social network analysis 1 4 1 4
Genetic algorithm 0 0 0 2
Fuzzy synthetic evaluation 3 5 1 4
Overall 8 15 3 23

Figure 7. Quantitative analysis of research methods within supply chains’ systems in MiC.

The most prominent area of research revolves around enhancing the supply chain’s
efficiency. The methodologies that have been used are diverse, with BIM being extensively
utilized to amplify productivity, refine efficiency, and optimize effectiveness [149]. Addi-
tionally, there has been a growing tendency to enhance stakeholders’ relationships and
pinpoint the essential factors for boosting the efficiency of SCM-MiC [150,151].

The supply chain’s capability and resilience have been less important research topics
in research into the supply chain’s system. Recognizing the intricate risks embedded
in MiC projects, considerable attention is being placed on enhancing the supply chain’s
resilience. This entails preparing supply chains to anticipate, endure, and recover from
disruptions such as delays in manufacturing, transportation glitches, or sudden design
modifications. Furthermore, researchers are delving into the concept of the supply chain’s
capability, which pertains to its inherent capacity to efficiently provide products or services.
The objective here is to uncover factors that enhance the capabilities of supply chains. This
encompasses areas such as accurate predictions of demand, seamless coordination among
stakeholders, and optimized management of the inventory.

Building upon an understanding of the supply chain’s risks, the assessment of vulner-
ability has emerged as a crucial step. Researchers have turned to finding the underlying
components of vulnerabilities and developing a model to explore the correlational impacts
of vulnerabilities [40,104,151]. More researchers are conducting analyses to identify po-
tential weak points within MiC supply chains that are susceptible to disturbances such as
shortages of materials, breakdowns in transportation, or shifts in regulations [100].

5.4. A Knowledge Map of Supply Chain Management in MiC

The depiction of the knowledge landscape within SCM-MiC, illustrated in Figure 8,
resembles a residential model, representing its foundational, structural, and visionary
components. The base represents the historical evolution of knowledge of SCM-MiC,
providing insights into its classical underpinnings through pivotal milestones. These
milestones serve as reference points for scholars, offering a deeper understanding of the
field’s trajectory over time.

The base part of the graphic is composed of co-occurring keywords, which are mainly
categorized as related to construction, planning and control, and methodology. The key-
words in bold are the most frequent ones in each category. Anchored upon this foundation
are three key aspects, forming 10 distinct clusters that shape the knowledge domain. These
clusters act as foundational pillars, representing the multidisciplinary nature of SCM-MiC
research and its correlation with contemporary stakeholder studies. This structural anal-
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Figure 8. “Housing model” of the knowledge map of SCM-MiC.

Positioned atop this structure is the roof, symbolizing the trajectory of the knowledge
frontiers across four dimensions: stages of construction, directions, methods, and sys-
tems. This visionary path outlines four synchronized research directions aligned with the
complexities of construction-related project management and the evolution of construction-
related information technology. These proposed research directions serve as bridges con-
necting stakeholder studies, construction-related project management, and domains of
information technology, guiding future research endeavors in SCM-MiC.

6. Conclusions

The increasing complexity of construction projects has driven the development of MiC.
The requirement for more refined MiC has made supply chain management progressively
more topical. Our research used a bibliometric analysis method to delve into the evolution
and frontiers of SCM-MIiC research. First, we extracted data from the Web of Science
(WoS) database due to its comprehensive coverage of the relevant literature. Following
this, we utilized advanced bibliometric analysis tools to map and visualize the structure
of knowledge within the SCM-MiC domain. In total, 196 articles centered around SCM-
MiC concerns were extracted. Systematic analysis of the bibliographic records enabled
the structured extraction of the evolution of knowledge, the scope of the domain, and
insights into the frontier within the realm of MiC. Through a comprehensive analysis
spanning multiple dimensions, including historical evolution, exploration of the domain,
perspectives of the frontier, and knowledge mapping, we have gained valuable insights
into the past, present, and future trajectories of SCM-MiC.
The study’s results indicated that the development of SCM-MiC can be traced through
two pivotal milestones, marking significant advancements and challenges faced along
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the way. From the early stages of exploration to the integration of emerging technologies,
researchers have diligently paved the path for understanding and optimizing the SCM-
MiC domain. The 10 clusters were categorized into three critical dimensions within the
knowledge domain: strategies, topics, and challenges. Looking towards the research
frontier, the integration of construction-related information technology, including BIM
and IoT, promises to revolutionize SCM-MiC, enhancing efficiency, collaboration, and
decision-making throughout the process of construction. The metaphorical “house” of
SCM-MIiC, constructed upon the foundation of historical evolution, offers a comprehensive
tableau capturing the past, present, and prospective dimensions of the field.

This research makes a distinctive theoretical and practical contribution to the field
of SCM-MiC. The knowledge map presented in this study systematically traces the evo-
lution, domains, and frontiers of SCM-MiC, shedding light on historical milestones and
their impact on the knowledge system. By identifying key research areas within the latest
knowledge frontier, the study has demonstrated how SCM-MiC research has expanded
into a multidisciplinary field encompassing stakeholder research, construction-related
project management, and information technology. These insights can inform practition-
ers and policymakers about the emerging trends and areas of focus within the industry,
guiding decision-making processes related to planning projects, resource allocation, and
the adoption of technology. Additionally, by pinpointing hotspots and gaps in the current
research landscape, the study offers valuable guidance for stakeholders involved in the
management of complex projects, facilitating the development of strategies to enhance
efficiency, mitigate the risks, and promote sustainable practices in construction projects.

Despite the comprehensive analysis conducted in this study, it is important to acknowl-
edge certain limitations that may have influenced the findings and conclusions. Firstly, for
software compatibility reasons, only the literature resources of the WoS database were used.
Furthermore, the analysis focused on academic research and may not have incorporated
insights from industry practitioners involved in MiC projects.

As we pivot towards the future of SCM-MiC, it is imperative to focus on the poten-
tial and challenges presented by cutting-edge technologies such as artificial intelligence,
blockchain, and augmented reality. These innovations hold the promise of fundamentally
transforming SCM-MiC by optimizing the supply chain’s processes, which, in turn, can
significantly enhance decision-making capabilities and operational efficiencies in complex
projects. Furthermore, the integration of the principles of sustainability into SCM-MiC
practices is crucial. This aligns SCM-MiC with broader global environmental objectives,
prioritizing resource efficiency and reductions in waste. Incorporating these principles
requires meticulous planning and control mechanisms to manage the sustainable practices
within complex projects effectively. Cross-sectoral and cross-regional collaboration is an-
other critical area that can amplify the benefits of SCM-MIiC. By bridging the gap between
theoretical research and practical applications, and by fostering an environment of interna-
tional standardization, SCM-MIiC can achieve greater uniformity and predictability in its
outcomes, which are essential for global scalability and efficiency. Lastly, there is a pressing
need for a thorough exploration of risk management strategies within SCM-MiC. As global
challenges such as climate change and geopolitical instability increase the supply chain’s
vulnerabilities, enhancing resilience through robust risk management becomes paramount.
This not only involves identifying the potential risks but also developing strategies to
mitigate these risks proactively. Integrating risk management with strong planning and
control processes in the context of managing complex projects is vital for preemptively
addressing these challenges and ensuring the robustness of SCM-MiC initiatives.
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