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Offsite Construction in Housing: A Scientometric Review of

Information Management Trends and Technological Integration

Abstract:

Design/methodology/approach: This study conducted a bibliometric and scientometric analysis of 68 selected
publications from 1995 to 2024, exploring trends in information management within offsite construction (OSC,
particularly in housing. The analysis of the selected papers on OSC in housing revealed a growing research
interest since 2009.

Purpose: The global housing shortage has underscored the need for innovative solutions, such as OSC. Despite
its potential to improve efficiency, reduce costs, and enhance sustainability, the adoption of OSC has been slow
due to economic, social, and technical barriers.

Findings: Publications have increased steadily, peaking in 2022, with Automation in Construction, Journal of
Cleaner Production, and Buildings emerging as the leading journals. Keyword analysis highlighted “building
information modelling” and “prefabrication” as dominant themes, reflecting their crucial role in the field. The
co-authorship and co-citation analyses identified Geoffrey Qiping Shen as a leading researcher, with Hong Kong
and China leading in publication and citation counts, highlighting their significant impact on the field. The
findings also revealed a growing interest in integrating advanced technologies, such as BIM, artificial
intelligence, and the Internet of Things, alongside a focus on sustainability, modular construction, and lifecycle
management.

Originality/value: This analysis in this study highlights key themes like building information modelling (BIM),
prefabrication, and sustainability, and identifies leading researchers and regions, emphasizing the integration of
advanced technologies such as Al and IoT in the field. Limitations include reliance on existing publications and
the exclusion of industry practices not yet widely documented. Future research should broaden its scope to
include recent industry developments and regional case studies, emphasizing the need for more comprehensive

information management systems to support the evolving OSC discipline.

Keywords

Modern methods of construction, Prefabrication, Modular construction, Offsite construction, Information

management, Advanced technologies, Housing shortage
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1. INTRODUCTION

To keep up with existing demand, around 200,000 homes in the United Kingdom (UK) should be constructed
annually, and the target of around 300,000 new homes per year is crucial to alleviating the supply deficit that
contributes to rising prices. Unfortunately, the UK government targets have been missed consistently for
decades (B. S. Association, 2017). Like the UK, other countries, such as the United States, China, and South
Korea, are no exception, and the housing shortage is not new to the world. According to the UN report (2023), a
staggering 1.6 billion people worldwide lack adequate housing and basic services, with projections suggesting
this number could increase to three billion by 2030. Additionally, an estimated 100 million people globally are
homeless (Nations, 2023). There is no one straightforward solution to this lack of affordable homes and the
consequent wave of homelessness.

Nevertheless, offsite construction (OSC) is acknowledged as one of the recognizable approaches within
the array of modern methods of construction (MMC) to challenge speed expectations and quality issues
prevalent in the global construction housing industry (Ofori-Kuragu, 2022; Smith, 2015; Moon et al. 2020), and
a trend within the housing and residential industry favoring prefabrication elements has been gaining
momentum in recent years, as it offers advantages such as increased efficiency, cost savings, and improved
quality control (Alwisy, 2019; Mullens, 1995; Zaalouk et al. 2023). By shifting more of the construction process
to controlled factory environments, contractors can streamline operations, reduce waste, and accelerate project
timelines (Chiang, 2008; Hou et al. 2022; Na et al. 2022). With the introduction of OSC using the latest
technology—known as MMC—and increasing demand for sustainable and affordable housing, the widespread
adoption of prefabrication methods in the housing industry is expected to continue.

Despite those benefits, it is surprising to observe how many countries have been slow to embrace
change and innovation in housebuilding. Previous research has identified a range of factors that contribute to the
slow adaptation of OSC, such as economic factors, including affordability, external regulations, and funding;
social factors, including shifts in tenure mix, the challenge of housing a growing and changing population, and
views on OSC; and environmental and technical factors, including the condition of existing housing stock,
design factors, supply chain, maintenance skills for OSC, and data and records management (B. S. Association,
2017; Kempton, 2009).

(Persson, 2009) argue that challenges in information management for OSC in housing are likely to
hinder productivity growth and the exploitation of economies of scale in the OSC sector. This is primarily
because information management practices in these companies have not evolved sufficiently and still largely
mirror those of traditional onsite construction projects. Despite the shift from project-oriented building to
production-oriented manufacturing due to prefabrication strategies, the documentation processes have not
adapted adequately to reflect this change. Additionally, there is currently no information management model or
framework being used for the existing housing stock to record data and maintain information, as (Kempton,
2009) highlight that the storage of electronic data on housing stock presents specific challenges for MMC
housing due to the diverse range of element types and materials that are not easily compatible with existing data
systems. These concerns raise questions about the sufficiency of information systems to support future
maintenance plans for MMC housing. More recently, (Agapiou, 2022) conducted a quantitative study to identify
the barriers to OSC adoption in the UK housing sector. This study identified key challenges, including cost

issues, supply chain capacity constraints, and a preference for traditional construction methods, as major factors
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hindering OSC adoption. These barriers highlight that the lack of a robust information management framework
and the absence of standardization remain critical challenges that must be addressed. This research used

bibliometric and scientometric analysis to answer the following research questions:

oNOYTULT D WN =

9 RQI1. What are the most relevant keywords in information management and OSC in housing studies?
RQ2. Who are the most productive authors and important journals on information management and OSC in
12 housing studies?

RQ3. What are the future trends of publication on information management and OSC in housing studies?

16 This research aimed to conduct a systematic review of existing academic literature to better understand

18 information management practices within the OSC sector—specifically focusing on housing from 1995 to 2024
19 (as of the end of February)—and seek an answer to the questions above with the following objectives: (1) to
identify the relevant keywords and key contributors to OSC and housing research via a data visualization

22 technique; (2) to analyze the existing academic studies on OSC and housing, with a specific focus on
information management; and (3) to propose the evolution of research themes and future directions in

25 information management for OSC in housing.
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2. BACKGROUND

2.1 Definition of MMC/OSC

OSC represents an innovative approach within the construction industry, adopting a “factory production — onsite
assembly” method (Mtech Group, 2007). This involves the production of key construction components in a
factory setting, which are then transported to the site for assembly (Taylor, 2010). Compared to traditional
onsite construction methods, this approach significantly enhances the efficiency of the construction process,
reduces construction time, and contributes to the improvement of the final building’s quality. Additionally, it
offers important benefits, such as enhancing safety on construction sites and promoting environmental
sustainability (Hosseini et al., 2018).

This growing adoption of OSC in housing has prompted extensive research into its multifaceted
benefits and applications. Recent studies have explored OSC’s ability to address critical issues such as
environmental sustainability, cost-efficiency, and technological integration. For example, (Rathnasinghe,
Thurairajah, Jones, & Goulding, 2024)) highlight OSC’s potential to simultaneously achieve environmental
sustainability and economic efficiency, while (Daniel et al., 2024)) demonstrate that integrating Lean
Construction (LC) principles into OSC enhances productivity and reduces waste. (Clyde Zhengdao Li et al.,
2022) and (Z. Zhang et al., 2024) emphasize the role of advanced technologies, including BIM, Al, and digital
twins, in improving OSC project efficiency and fostering collaboration. Furthermore, (Han, Yan, & Piroozfar,
2023) propose that IoT and blockchain technologies can optimize logistics and reduce costs in OSC supply
chains. These studies collectively illustrate how OSC is evolving into a forward-looking construction
methodology that combines sustainability, cost-efficiency, and technological innovation, making it a key area of
research and practice in addressing global housing challenges.

Nonetheless, the nomenclature for OSC varies by country (Ayinla, Cheung, & Tawil, 2020). This
variation reflects the unique technical and cultural contexts within each country’s construction industry. The
diversity of terms used internationally for OSC projects or research can complicate the efficient exchange of
information and cooperation (Lou, Lu, Xu, Li, & Wang, 2022). Due to this, it is necessary to examine and
consolidate the various national terminologies closely into a single, unified term. The different terminologies
used by national associations were investigated, and different categories of OSC from current practices were
identified (Eren, 2016; Page, 2023). The list below and Table 1 present terms used to describe this kind of
construction method, which is centered around a manufacturing approach:

(1) Modern methods of construction (MMC)

(2) Prefabrication

(3) Offsite manufacturing

(4) Modular integrated construction (MIC)

(5) Prefabricated prefinished volumetric construction (PPVC)

The definitions of these terms focus either on the process, the outcome, or both, encompassing the entire
methodology. In the United Kingdom (UK), the term MMC is used to describe various construction techniques
that differ from traditional building methods, serving a broad meaning (Foundation, 2016). In Australia,
“prefabrication” encompasses a wide array of systems and processes under the umbrella of prefabricated

construction, which can be referred to as the method of 2D-preassembly in other countries (Page, 2023;
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1

2

3 prefabAUS). New Zealand uses “offsite manufacturing” to denote buildings constructed away from the

4

5 construction site, a term interchangeable with prefabrication (OffsiteNZ). Hong Kong's use of MIC encapsulates
6 the concept of “factory assembly followed by onsite installation,” covering both the process and the product

8 (MiC). Singapore employs the term PPVC, indicating the assembly of stand-alone three-dimensional modules
9 externally, offering a more specific definition compared to the other terms (Authority).

10

1

:g Table 1. Definitions of terms in different countries

: ‘5" Terminology Definitions Country Reference
16 Modern Methods of Encompasses various approaches related to UK (T.a.C.P.
1; Construction (MMC) manufacturing or assembling away from the Association,
1

19 construction site 2020;

20 Foundation,
21

2 2016:;

23 Sanchez-

;451 Garrido

26 2023

;; Prefabrication All parts of a building manufactured in a different Australia (prefabAUS)
29 location than its final site

2(1) Offsite manufacturing All parts of a building created away from the final New (OffsiteNZ)
32 building site. Zealand

33 Modular Integrated  Adopts the concept of factory assembly followed by Hong (MiC; Zhou,
34

35 Construction (MiC) onsite installation Kong 2023)

36 Prefabricated A construction method where stand-alone three- Singapore  (Authority)
37 . . . . _ .

38 Prefinished Volumetric dimensional modules are completed with interior

39 Construction (PPVC) finishes, fixtures, and fittings at an external

2(1) fabrication facility before being delivered and

42 installed on site

43

44

45 The diversity of these terms reflects the varying perceptions and approaches to OSC within the construction
46 industries of different countries. OSC can be categorized into different levels of factory work, covering

47

48 subassembly, 2D/3D preassembly, and volumetric systems (Page, 2023). This categorization implies that the
49 different terms need to be compared to the practical level(s) of factory work in each country. Additionally, this
50

51 diversity can lead to confusion in the sharing of information, highlighting the need for the adoption of a unified
52 term. Recognizing this diversity, this paper advocates for the use of “offsite construction (OSC)” as a term to
gi facilitate international standardization. This term is broadly applicable and suitable for encapsulating the entire
55 process from manufacturing at the factory to assembly onsite.

56

57

58 2.2 OSC in housing

59

60
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OSC has emerged as a highly innovative approach to meet the urgent demands for housing (Xiao, 2023) since it
allows houses to be constructed much more quickly than traditional construction methods and is increasingly
used in housing to build high-quality, energy-efficient homes. In countries such as the UK, Singapore, Hong
Kong, and Sweden, the adoption of OSC has been promoted as a component of policies aimed at addressing the
increasing need for housing, particularly among low-income households (Brissi, 2023). In addition to permanent
residential houses, offsite and modular construction methods are increasingly used to create temporary
accommodation and other buildings, such as the two emergency hospitals that were constructed in Wuhan,
China, in just 12 days during the COVID-19 pandemic (T. Li, Yuan, L. ming, Hou, G. qiu, & Wu, Y. feng.,
2022). The rising demand for high-quality housing and environmentally friendly construction has led the
rigorous standards and qualifications of housing construction to meet the demands of modern society (Sanchez-
Garrido, 2023) and a wide range of OSC methods, including integrated module construction, prefabrication,
preassembly, panelized systems, industrialized construction, offsite production or manufacturing, and various
onsite and hybrid construction methods (Rahman, 2014).

When any specific OSC method is adopted for housing in different countries, it relies on various
factors, such as construction materials, components, processes, and government initiatives. As traditional
housing methods in the UK involve constructing with various components, such as brick/block walls and a
timber-supported, pitched, tiled, or slated roof [6], panelized components and precast panels have been popular
in housing and residential construction due to the benefits of reducing the scheduled duration of the
convectional project (Patil, 2023); in addition, more than 80% of newly constructed homes in Scotland utilize
OSC, primarily employing timber framing, such as cross-laminated timber panel construction delivered to the
site, as innovation and improved productivity are essential in light of the current shortage of newly built rural
areas (Scotland, 2020), and timber is less detrimental to the environment, compared with steel and concrete
production (and transportation) (T. a. C. P. Association, 2020).

While timber has been used primarily for housing construction in European countries, concrete has
been preferred as an offsite housing construction material for high-rise residential buildings in some East Asian
countries due to limited land availability in densely populated urban areas. For example, the Hong Kong
government, through its Housing Authority, has made prefabrication mandatory since the mid-1980s due to the
shortage of skilled labor and quality improvement (Chiang, 2008), and concrete has been mainly used for
precast concrete components, including staircases, fagade, partitions, and structural walls, as the case in
Singapore, which has seen remarkable success in precast concrete housing construction in the past 20 years
(Beushausen, 2002).

In terms of design and construction processes, design for manufacturing and assembly (DfMA) has
been adopted in order to build offsite houses effectively and efficiently as per the guidelines, and DfMA is
comprised of design for manufacturing and design for assembly (Vakaj, Cheung, Cao, Tawil, & Patlakas, 2023).
The increasing adoption of OSC methods is facilitated by the integration of DfMA principles, enabling housing
developers to achieve mass customization in modular prefabrication (Hwang, 2023). Through the integration of
these principles, OSC can provide extensive customization opportunities while enhancing the advantages of
standardized, replicable modules. However, there is no systematic and holistic approach to integrating DEMA
knowledge and practices in housing construction, and a primary challenge in implementing DfMA for housing

modular construction is the absence of tools capable of assessing modular design, construction, and information
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management, often necessitating input from multiple professionals with expertise in offsite production, costing,

and scheduling (Vakaj et al., 2023).
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3. RESEARCH METHODOLOGY AND METHODS

A research framework incorporating systematic review and meta-analysis methodologies (PRISMA)

(Hirabayashi, Nakayama, Yahaba, Yamanashi, & Kawasaki, 2023; Zhang, Antwi-Afari, Zhang, & Xing, 2024)

was employed to directly review relevant and essential scholarly references related to OSC in housing and its

information management. The PRISMA method outlines protocols for searching, selecting, and analyzing

existing scientific literature and includes a checklist to ensure the validation of the process; this procedure

enables the literature review to be conducted in a systematic, transparent, and comprehensive manner,

minimizing bias and ensuring reliable results (X. Zhang et al., 2024). This process proceeded through five key

stages (Karimi, Baghalzadeh Shishehgarkhaneh, Moehler, & Fang, 2024): 1) study scope definition, 2) research

question formulation, 3) paper selection, 4) bibliometric/scientometric analysis, and 5) findings presentation.

While this study focuses on peer-reviewed academic literature, it is acknowledged that this may exclude

practical insights from industry. However, this approach was chosen to align with the scientometric goal of

analyzing verified, citation-based research trends.

A systematic literature review (SLR) is the standard approach to thoroughly understanding the research

domain in construction (Herath Mudiyanselage Samadhi Nayanathara Samarasekara * & Rotimi, 2024), and

keyword searches were employed to identify relevant studies and literature on this research topic. This process

typically involves selecting keywords closely related to the topic, including synonyms, related terms, and

variations among the main concepts. Table 2 shows the search keywords and the results of both Web of Science

(WoS) and Scopus databases applied.

Table 2. Search strings and results of database search

Range
Database Search Keyword Inclusions Exclusions
(1994-2024)
Information” OR “Management” OR Subject
“Information Management”; AND Area— Conference
Webof  «Modern Methods of Construction” OR “offsite . paper/review
) Engineering 91
Science  construction” OR “off-site construction” OR Note
Language—
“prefabrication” OR “prefabricated construction” . Data paper
English
OR “Modular Integrated Construction” OR
“Prefabricated Prefinished Volumetric
Construction” OR “Modular construction” OR Subject
Conference
“industrialized construction” OR “digital Area— .
) ) paper/review
Scopus  fabrication”; AND Engineering Note 90
“Housing” OR “House” OR “Houses” OR Language—
) Data paper
“Home” OR “Residential” OR “Domestic English
building”
Total 181

The systematic review process covers studies from December 1994 to February 2024 because the

selected keywords appeared in the literature in 1994, and have shown a gradual increase in academic output

8

http://mc.manuscriptcentral.com/ecaam

Page 8 of 38



Page 9 of 38

oNOYTULT D WN =

Engineering, Construction and Architectural Management

since 2009, as shown in Figures 1 and 2. An extensive dataset of 181 papers, comprising journal articles and

book chapters, was initially collected from prominent databases, such as Scopus and WoS, which served as the

primary data sources for the study. Exclusion criteria were implemented to refine this extensive collection:

papers unrelated to housing construction or information management in OSC and those not written in English

were removed from the dataset. This rigorous screening process narrowed the selection to 68 papers, which

were then subjected to a detailed bibliometric and scientometric analysis, which is defined as “a quantitative

study of the research on the development of science” (Ghaleb, Alhajlah, Bin Abdullah, Kassem, & Al-Sharafi,

2022; Yalcinkaya & Singh, 2015). Both analyses were used to analyze information management and OSC in

housing within the construction domain and were adopted as an approach to visualizing and mapping the

knowledge area. To overcome the limitations of manual quantitative analysis, such as subjective interpretation

(X. Zhang et al., 2024), VOSviewer, as a bibliometric analysis tool, was utilized to analyze the trend and impact

of information management on OSC in housing research and to visualize the research pattern and trend as

follows: (1) keyword co-occurrence analysis, (2) co-occurring keywords timeline, (3) co-authorship, (4)

document co-citation, (5) the co-occurrence of countries, and (6) research institutions. This approach has been

widely suggested and accepted for an SLR and a scientometric analysis (Cobo, Lopez-Herrera, Herrera-Viedma,

& Herrera, 2011; Ghaleb et al., 2022; Song, Zhang, & Dong, 2016; X. Zhang et al., 2024).

]

Identification

(

)

Screening

Identification of studi

via

Aok

h

and regist

Identification of studies via other methods

Records identified from*:
Web of Science (n=91)
Scopus (n = 90)

v

Records removed before
screening:
Duplicate records removed
(n=22)

Records identified from:
Websites (n = 15)
Organisations (n = 8)

}

Records screened

Records excluded™
Not discussed offsite

Included

Y

Reports not retrieved™™
(n=7)

(n=159) construction-related factors (n=1)
Reports sought for retrieval »| Reports not retrieved*” Reports sought for retrieval
(n=158) " (n=26) (n=23)
Reports assessed for eligibility »| Reports e Reports assessed for eligibility
(n=132) No information management (n=16)

(n=12

Not related to housing sector

(n=35)

A4

Studies included in review
(n=68)

Reports of included studies
(n=7)

Housing design only (n = 14)
Non-availability of full text
(n=3)

Reports excluded™:
Commercial buildings (n = 5)
Procurement related (n = 4)

Figure 1. PRISMA Flow Chart. (* Records excluded via automation; ** records excluded via human reviewer.)
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4. FINDINGS

4.1 Overall trend of selected journals and annual publications

Using the bibliometric and scientometric approach, the 68 selected papers were analyzed to demonstrate
clarification and relevance to the literature, research keywords, authorship, citation, research institutions, and
collaborating countries involved in information management and OSC in housing. This approach shows a
tendency to be thematic and can be categorized into distinct clusters according to similarities in content and the
issues it addresses (Tanko, Zakka, & Heng, 2024).

The 68 papers on information management and OSC in housing between 1994 and 2024 (as of the end
of February) were selected, and the basic information of those papers was analyzed. Figure 2 presents a gradual
increase in academic output since 2009, and the trend illustrates that research on information management and
OSC in housing has remained largely unexplored until 2009. The number of publications was consistent with
one to three publications per year from 2009 to 2015, and there was a gradual increase with minor fluctuations,
peaking at ten publications in 2022. The years 2018 and 2019 stood out with a notable rise to seven and nine
publications, respectively. It is noted that the number of publications only reflects research output available

online up until the end of February 2024, when this paper was drafted.

12

-
o

®

NUMBER OF PUBLICATIONS

o

> > o A
A\ X N X g 3y X3
o P o o o o o &

Figure 2. Number of annual publications of Information management for offsite construction in housing

As shown in Table 3, the 68 selected papers were examined by peer-reviewed journals, revealing that the top
three journals are Automation in Construction, Journal of Cleaner Production, and Buildings, with a total of 16
published papers. Construction Management and Economics, Journal of the Architectural Institute of Korea,
Sustainability (Switzerland), and Sustainable Cities and Society contributed three relevant particles each to this
topic. Overall, the 68 selected articles spanned a range of multiple research areas, including MMC,
prefabrication, offsite manufacturing, OSC, modular design and construction, housing, and building information

modeling (BIM).

Table 3. Relevant peer-reviewed journals

Number of % Total

Journal Name Publications Publications

Automation in Construction 6 8.82%

10
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Journal of Cleaner Production 6 8.82%
Buildings 4 5.88%
Construction Management and Economics 3 4.41%
Journal of the Architectural Institute of Korea 3 4.41%
Sustainability (Switzerland) 3 4.41%
Sustainable Cities and Society 3 4.41%
Advanced Engineering Informatics 2 2.94%
Construction Innovation 2 2.94%
Electronic Journal of Information Technology in Construction 2 2.94%
Energy and Buildings 2 2.94%
Journal of Building Engineering 2 2.94%
Journal of Construction Engineering and Management 2 2.94%
Korean Journal of Construction Engineering and Management 2 2.94%
Proceedings of Institution of Civil Engineers: Management, Procurement and Law 2 2.94%
Structural Survey 2 2.94%
American Journal of Environmental Sciences 1 1.47%
Engineering, Construction and Architectural Management 1 1.47%
Habitat International 1 1.47%
IFAC-PapersOnLine 1 1.47%
International Journal for Housing Science and Its Applications 1 1.47%
International Journal of Architectural Computing 1 1.47%
International Journal of Construction Management 1 1.47%
International Journal of Housing Markets and Analysis 1 1.47%
Journal of Architectural Engineering 1 1.47%
Journal of Communications Technology and Electronics 1 1.47%
Journal of Engineering, Design and Technology 1 1.47%
Journal of Industrial Ecology 1 1.47%
Journal of Information Technology in Construction 1 1.47%
Journal of Management in Engineering 1 1.47%
KSCE Journal of Civil Engineering 1 1.47%
LHI Journal of Land, Housing, and Urban Affairs 1 1.47%
Periodica Polytechnica Civil Engineering 1 1.47%
Procedia Engineering 1 1.47%
Science of the Total Environment 1 1.47%
Smart and Sustainable Built Environment 1 1.47%
Sustainable Computing: Informatics and Systems 1 1.47%
Wood Material Science and Engineering 1 1.47%

Total 68 100%

4.2 Research keyword co-occurrence network analysis

Keywords are one of the primary marketing components of any scientific paper and play a critical role in
enhancing the research visibility and impact of scientific research (Pottier et al., 2024). The keyword co-

occurrence analysis using “author keywords” was conducted to create a distance-based network on the 68
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selected papers and visualize the knowledge domain of information management for OSC in housing. The
closeness between nodes typically indicates a stronger relationship between the keywords, while the size of each
node is directly proportional to the number of documents that contain that keyword (Ghaleb et al., 2022).

The minimum number of keyword occurrences was set at two, and out of 255 keywords, 42 keywords
remained. Figure 3 illustrates a keyword co-occurrence network with 41 nodes, eight clusters, 105 links, and a
total link strength of 155. It is noted that some keywords with the same meanings were further reviewed and
considered as the same keyword due to different spellings, such as (a) “building information modeling (BIM),”
“building information modeling,” “building information modelling,” and “building information modelling
(BIM)”; (b) “Internet of Things (IoT)” and “Internet of Things”; and (c) “schedule risk” and “schedule risks.”

The visualized map provided in the network analysis graph in Figure 3 highlights the significance of
keywords and the larger font size of author keywords such as “building information modelling (BIM)” and

“prefabrication,” which indicates the most extensively researched keyword in the field of information

2 < 2 ¢

management for OSC in housing, followed by “modular construction,” “offsite construction,” “prefabrication
housing production,” and “housing.” The number of links refers to the connections among nodes, excluding any
duplicate links, while the total link strength represents the combined frequency of co-occurrences among nodes,
including repeated instances. The dense interconnections between the most extensively researched keywords
and others depict direct and strong relationships, illustrating how information management, such as BIM, can be

incorporated into OSC, including prefabrication and modular construction, in housing.

assets mapagement

housing
modern methods of construction on-site assepbi cervices
construction industry internet dfifhings (iot) building praguct model
design for manufacture and assembly (dfma)
life cycle assgssment (Ica) o prefabrication building 1nf0rmw:modelling (bim)
offsite cgstruction united lingdom *
organisationaperformance - ” lean cor@tructiont i
prefabrigated gouse building - envioqm ®tal Impact -
supplier modular,@)stmmon schedle risk

prefabrication houw production (php)

ot g system @ynamics

®
smart worlgpackaging

Figure 3. Keyword co-occurrence network (1994-2024)

Table 4 illustrates the number of keyword occurrences and the strength of links and indicates that “building
information modelling (BIM)” and “prefabrication” were the most frequently occurring keywords between 2016
and 2019 based on the number of keyword occurrences and Mean Year published. The strong linkages to those
frequently occurring keywords suggest that BIM can be considered an information management platform for

OSC in housing, implying its prevalent adoption for construction projects. The total link strength in Table 4 for

LEINT3 EENT3 2 ¢

“building information modelling (BIM),” “prefabrication,” “modular construction,” “offsite construction,”
“prefabrication housing production,” and “housing” reflects not only the strong research keywords but also the
intensity of the connections among these research concepts, underlining their importance in managing

information for OSC in housing.
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Table 4. List of selected keywords and network parameters

Keyword Occurrences hﬁﬁiﬁizzr Links Té):felnlgtr}llk
Building information modelling (BIM) 19 2019 16 32
Prefabrication 15 2016 14 22
Modular construction 10 2019 10 13
Offsite construction 9 2020 16 21
Prefabrication housing production (PHP) 9 2018 8 17
Housing 8 2013 6 10
Life cycle assessment (LCA) 6 2016 9 13
Internet of Things (IoT) 4 2018 5 9
Construction management 3 2015 6 9
Offsite production 3 2011 6 9
Schedule risk 3 2017 6 8
System dynamics 3 2019 6 8
Hong Kong 3 2017 6 7
Design for Manufacture and Assembly (DfMA) 3 2022 5 5
Modular housing 3 2017 3 3
RFID 3 2017 3 3
Organisational performance 2 2022 4 8
Prefabricated house-building 2 2022 4 8
Supplier 2 2022 4 8
Supply chain management 2 2022 4 8
Environmental impact 2 2017 5 7
Residential building 2 2017 5 7
United Kingdom 2 2012 4 7
Discrete event simulation 2 2019 4 6
Residential housing 2 2017 6 6
Smart work packaging 2 2020 5 6
Constraints management 2 2020 3 5
On-site assembly services 2 2020 3 5
Assets management 2 2010 2 4
Construction industry 2 2022 4 4
Maintenance 2 2010 2 4
Modern methods of construction 2 2017 4 4
Building product model 2 2010 2 3
Industrialized construction 2 2010 2 3
Lean construction 2 2017 3 3
Prefabricated construction 2 2017 3 3
Product customization 2 2013 3 3
Quality management 2 2014 3 3
Systematic literature review 2 2023 3 3
Modular building 2 2013 2 2
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Project Management 2 2020 1 1

According to the timeline of the co-occurring keywords network in Figure 4, previous research on information
management for OSC in housing between 2009 and 2012 initially focused on product modeling in housing and a
range of ICT tools, such as computer-aided design and enterprise recourse planning systems, as parts of asset
management. The processes, products, and ICT environments involved in industrialized house construction were
investigated from an information management perspective, and product modeling was considered an appropriate
technology to create the product structure of modular houses (Malmgren, 2011; Persson, 2009).

When there was a steady increase of relevant publications with slight fluctuations between 2013 and
2019, more research on integrating BIM into prefabrication, modular housing, and prefabrication housing
production was conducted to enhance cost efficiency, improve schedules, boost environmental performance, and
increase quality and productivity in housing design and construction. The BIM authoring tools were
incorporated into the overall design process by modeling rule-based BIM objects using automated design
verification for modular construction (Singh, 2015) and various advanced technologies, including radio
frequency identification (RFID) and a multi-dimensional Internet of Things (IoT)—enabled BIM platform, were
examined to achieve real-time visibility and traceability in prefabricated construction for speeding up housing
delivery, mitigating risks, and improving schedule performance for prefabricated house construction (C. Z. Li,
FanLi, XiaoHong, JingkeShen, Geoffrey Qiping, 2018; C. Z. Li, Ray Y.Xue, FanXu, GangyanChen, KeHuang,
George GuoquanShen, Geoffrey Qiping, 2017; X. Li, Geoffrey QipingWu, PengFan, HongqinWu,
HengqinTeng, Yue, 2018; Zhong et al., 2017).

From 2020 to 2023, the terms “modular construction” and “offsite construction,” rather than
“prefabrication,” have become more popular in publications, as those terms comprise a broad range of advanced
construction techniques and systems, both offsite and onsite, providing an alternative to traditional construction,
particularly in the housing sector (Sanchez-Garrido, 2023). During this period, various information on offsite
housing construction at the project stage has been examined, and various management approaches in modular
housing related to sustainability and supply chains were explored through a project lifecycle. For example, a
BIM-based lifecycle assessment (LCA) approach for carbon emission energy management was developed based
on the LCA method, and a hierarchical-based framework was proposed to evaluate the environmental
performance of modular buildings versus conventional buildings (Hao, 2020; M. Kamali, KasunRana,
AnberAlam, M. ShahriaSadiq, Rehan, 2023; Luo, 2020). There was also a particular focus on adopting a
circular economy approach and the technical and process platforms to generate standardized, digital, and
reusable information and manage information flows in the use phase (Kedir et al., 2023).

Some researchers investigated the prefabrication and OSC strategy by-products and supply chain roles
and the OSC housing supply strategy, which is compared with a traditional building approach to reducing
informational asymmetries during development planning stages to deliver better affordable rental housing
(MacAskill, 2021; R. L. Masood, J. B. P.Gonzalez, V. A., 2021). The offsite housing construction was
conceptualized on supply chain management, and the performance of the supply chains for offsite housebuilding
was modeled to implement prefabricated housebuilding technologies (R. Masood, James B. P.Gonzalez, Vicente
A Roy, KrishanuKhan, Khurram Igbal Ahmad, 2022; R. R. Masood, K.Gonzalez, V. A.Lim, J. B. P.Nasir, A.
R., 2023).
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Figure 4. Timeline of co-occurring keywords network

4.3 Influential co-authors and co-citation analysis

on-site assembly services

internet of things (iot) building prasiuct model

building information modelling (bim)
lean construction rfid
schedule risk

prefabrication housing production (php)
system dynamics

smart work packaging 2010 2012 2014 2016 2018 2020

The co-author co-occurrence network presents the relationship between authors whose publications are cited in

the same documents and the links between authors in a particular field (Ghaleb et al., 2022). When investigating

a specific research field, identifying the leading researchers in that domain is highly beneficial. To achieve this,

the data were submitted to VOSviewer, with the type of analysis set as “co-authorship,” the unit of analysis as

“authors,” and the counting method set to “fractional counting.” The minimum number of documents per author

and the minimum number of citations were again set to 2 and 1, respectively, resulting in 29 out of 195, with 16

interconnected authors identified in total with three main clusters, as shown in Figure 5. The node size

represents each author’s co-citation frequency, and connections among nodes reflect citation relationships

created by the number of citations. Figure 5 indicates that Geoffrey Qiping Shen remains the leading researcher,

while the prominence of Clyde Zhengdao Li and Fan Xue has increased, which suggests that these researchers

continue to exert significant influence in the field of information management for OSC in housing. These results

contribute to a clearer understanding of the relationships between major keywords and researchers in this field,

providing valuable insights for setting future research directions.
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Figure 5. Co-author co-occurrence network

The document co-citation network in Figure 6 and analysis of citation in Table 5 maps the research area and
groups documents based on the citation relationships among publications. This approach helps identify
authoritative publications within a specific research domain. After conducting multiple tests, the minimum
citation threshold was set at 20 to achieve the desired results. As shown in Figure 6, a document co-citation
network was created with 20 nodes and 33 links, and five clusters. Each node represented one of 68 selected
papers, and node size indicated the co-citation frequency. This allows for an assessment of the impact and
influence of individual publications within the research community. Table 5 provides a detailed quantitative
assessment of author citations, encompassing the title, citation links, total citation counts, and normalized
citation metrics. According to Table 5, the article titled “An Internet of Things-enabled BIM platform for on-site
assembly services in prefabricated construction” exhibits the strongest citation links. Furthermore, it
demonstrates strong relationships with four other publications, highlighting the critical importance of integrating
IoT-enabled BIM platforms with offsite production technologies in housing construction.(C. Z. Li, FanLi,
XiaoHong, JingkeShen, Geoffrey Qiping, 2018; C. Z. Li et al., 2016; C. Z. Li, Ray Y.Xue, FanXu,
GangyanChen, KeHuang, George GuoquanShen, Geoffrey Qiping, 2017; C. Z. Li, Xue, Li, Hong, & Shen,
2018; W. G. Pan, A. G. F.Dainty, A. R. J., 2012).
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Table 5. Analysis of citation
Main . . o Norm.
Authors Title Links Citations citations
. Integrating  Building Information Modeling and

L, X. Prefabrication Housing Production 10 33 2.94

Li. C.Z. Schedule risks in prefabrication hpusmg production in 3 49 202
Hong Kong: a social network analysis

Li.C.Z. An Internet of Th.mgs-enab'led BIM platfqrm for on-site 6 149 355
assembly services in prefabricated construction
Integrating RFID and BIM technologies for mitigating risks

Li, C.Z. and improving schedule performance of prefabricated 5 122 1.03
house construction

Li,C.Z. SWOT.ana.ly51s anq Internet of .Thlpgs-enabled platform for 4 106 123
prefabrication housing production in Hong Kong

Pan, W. Strategles. for integrating .the use of off-site production 4 309 121
technologies in house building
Customization of on-site assembly services by integrating

Zhou, J.X. the internet of things and BIM technologies in modular 3 32 1.61
integrated construction

Masood, R. Performance of the .supply chains for New Zealand 3 55 193
prefabricated house-building

Li, X. SWP-enabled coqstrqlnts quehng for pn-s1te assembly 3 45 0.45
process of prefabrication housing production

Li L Critical success factors for project planning and control in 3 42 0.58

> prefabrication housing production: A China study ’

A Systematic Review on Supply Chain Management in

Masood, R. Prefabricated House-Building Research 2 36 H13

Steinhardt, The structure of emergent prefabricated housing industries: ) 40 0.69

D.A. a comparative case study of Australia and Sweden ’
Smart work packaging-enabled constraint-free path re-

Li, X. planning for tower crane in prefabricated products assembly 2 66 0.94
process

Pan, W. Establishing and weighting decision criteria for building ) 74 0.72

system selection in housing construction
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RBL-PHP: Simulation of Lean Construction and
Li, X. Information Technologies for Prefabrication Housing 22 1.25
Production
A model for simulating schedule risks in prefabrication
Li, C.Z. housing production: A case study of six-day cycle assembly 30 0.88
activities in Hong Kong
Li.C.Z. Schedul.e risk modeling in prefabrication housing 23 0.38
production
Developing a conceptual framework of smart work
Li, X. packaging for constraints management in prefabrication 34 0.59
housing production
Design configuration with architectural objects: Linking
Wikberg, F. customer requirements with system capabilities in 75 1.90
industrialized house-building platforms
Persson, S. Information management in industrial housing design and 138 051
manufacture
Table 6. Top 20 cited publications
Main Year Title Source title T ot-al TCbY Ref
author Citations
An embodied carbon and energy analysis of modern Eneray and (Monahan
Monahan, J. 2011  methods of Constr. in housing: A case study using a ey 435 335 ’
. Buildings 2011)
lifecycle assessment framework
Zhong, R.Y. 2017 Pre.fabrlcated Construction enabled by the Internet-of- Autom. in 309 441 (Zhong et al.,
Things Constr. 2017)
(C. Z. 1i,
FanLi,
. An Internet of Things-enabled BIM platform for on-site Autom. in XiaoHong,
L, C.Z. 2018 assembly services in prefabricated Constr. Constr. 302 503 JingkeShen,
Geoffrey
Qiping, 2018)
A comparative study of environmental performance 7. of Cleaner
Cao, X. 2015  between prefabricated and traditional residential buildings ' . 276 30.7 (Cao, 2015)
in China Production
. Schedule risks in prefabrication housing production in J. of Cleaner (C.Z.Lietal,
L, CZ. 2016 Hong Kong: a social network analysis Production 213 266 2016)
(C.Z. Li, Ray
Y.Xue,
FanXu,
Integrating RFID and BIM technologies for mitigating 7. of Cleaner GangyanChen,
Li, C.Z. 2017  risks and improving schedule performance of ' . 201 28.7 KeHuang,
. Production
prefabricated house Constr. George
GuoquanShen,
Geoffrey
Qiping, 2017)
. . . . . J. of Constr. (W.G. Pan, A.
PanW. o012 Strategies orintegraing the use of offsite production g 18 155 G FDainy,
& use buriding Manage. A.R.1.,2012)
Construction Matters: Comparing Environmental Impacts 7. of Industrial
Quale, J. 2012  of Building Modular and Conventional Homes in the ; 165 13.8 (Quale, 2012)
. Ecology
United States
Carbon emission reduction in prefabrication Constr. Science of the
Hao, J.L. 2020  during materialization stage: A BIM-based life-cycle Total 157 39.25 (Hao, 2020)
assessment approach Environment
Integrating Building Information Modeling and Autom, in (X. Li, Shen,
Li, X. 2019 cgrating Bullding Intormation Vodefing a utom. 149 29.8 Wu, & Yue,
Prefabrication Housing Production Constr. 2019)
Steinhardt, Adoption of prefabricated housing-the role of country Sl.ls.talnable (Steinhardt,
2016 Cities and 138 17.3
D.A. context . 2016)
Society
SWOT analysis and Internet of Things-enabled platform Habitat CanZ Y 1
Li, C.Z. 2016 Lyst ; mnes p . 129 16.1 JingkeXue,
for prefabrication housing production in Hong Kong International FanShen
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Geoffrey
QipingXu,
XiaoxiaoLuo,
Lizi, 2016)
(M. H.
. Conventional versus modular Constr. methods: A Energy and Kamali,
Kamali, M. 2019 comparative cradle-to-gate LCA for residential buildings Buildings 122 244 K.Sadiq, R.,
2019)
L. C . . . I o J. of Constr. (W.D. Pan, A.
Panw. 2012 Fablishing and weighting decision criteria or building gy g o 20 RIGibb,A
M & ’ Manage. G.F., 2012)
Li X 2018 RBL-PHP: Simulation of Lean Constr. and Inf. J. of Manage. in 106 177 (C. Z. Li, Xue,
> Technologies for Prefabrication Housing Production Eng. ’ etal., 2018)
Johnsson, H. 2009 Defects. in fosne Construction: Timber module Constr. Manz_ige. 96 192 (Johnsson,
prefabrication and Economics 2009)
' A m(?del for slm}llatlng schedule I“ISkS. in prefabrication 7 of Cleaner (C.Z.Li, Xu,
Li, C.Z. 2018  housing production: A case study of six-day cycle . 75 12.5
AR Production etal., 2018)
assembly activities in Hong Kong
Li CZ 2017 Schedul.e risk modeling in prefabrication housing J. of Cle‘aner 74 106 (C.Z.Lietal,
production Production 2017)
. . . American J. of
Begum, R.A. 2010 Waste generation a o regyglmg. Cf)“?p arison of Environmental 70 5.0 (Begum,
conventional and industrialized building systems . 2010)
Sciences
Sustainable (R. L.
Masood, . 2021 Perforn'lance of the supply chains for New Zealand Cities and 66 220 Masood,'J .B.
prefabricated house-building Societ P.Gonzalez,
Y V. A.,2021)

Table 6 presents the list of top 20 cited papers and main authors related to this research field from 2009 to 2020,
with more than 66 citations out of the 68 selected papers with at least one citation. It is noted that duplicate
contributions from research groups were removed, with only one entry attributed to the main author being
considered. Li, C. Z., as the main author, was the most active researcher based on six papers published, and the
author had the highest number of citations, totaling 926, although Monahan, J., and Zhong, R. Y., had the most
cited articles, with 435 and 309 citations per publication, respectively. Pan, W., and Li, X., followed with two
papers, receiving 296 and 255 citations, respectfully. As shown in Table 5, the most cited paper compared the
embodied carbon of an MMC house with an equivalent home constructed using traditional masonry construction
and was published in Energy and Buildings in 2011. In this paper, information on embodied carbon of an offsite
panelized modular timber frame system was managed by an LCA framework (Monahan, 2011). The other two
of the top three papers addressed an IoT-enabled BIM platform in prefabricated construction (C. Z. Li, FanLi,
XiaoHong, JingkeShen, Geoffrey Qiping, 2018; Zhong et al., 2017).

Interestingly, five papers of the top 20 cited papers were published in The Journal of Cleaner
Production, which does not cover a wide range of OSC research, but its coverage includes discussing theoretical
and practical cleaner production, encompassing environmental and sustainability issues in corporations,
governments, education institutions, regions, and societies (B.V.). The most cited papers seemed to originate
from Energy and Buildings and Automation in Construction, primarily focusing on energy use in buildings
(B.V.) and the application of information technologies in design, engineering, construction technologies,
maintenance, and the management of constructed facilities (B.V.).

Comparing citations between articles over a specific timespan, as done in this study, does not
necessarily reflect a greater or lesser impact based solely on the total number of citations (TC). Therefore, total
citations by year (TCbY) were normalized to determine the most influential articles. As indicated in Table 5, the

article with the highest total citations (TC = 435) did not align with the one having the greatest impact on the
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scientific community (TCbY = 50.3), which ranked third on the list of the top 20 cited papers in terms of total

citations.

4.4 Co-occurrence analysis of countries and research institutions

Figure 7 highlights the top seven countries in terms of the number of publications. Hong Kong (19 papers) led
OSC in housing research, followed by China (16 papers), the UK (13 papers), Australia (13 papers), South
Korea (eight papers), the USA (seven papers), and Sweden (seven papers), which were the most active countries
in information management and OSC in housing. Notably, most of these countries are all developed countries.
This is due to the higher labor costs and the rising interest in modular construction in these countries,
particularly in the residential sector. Besides, the USA, the UK, and Sweden have a relatively mature OSC
market, and they possess more market shares in the residential construction sector (R. Masood, James B.
P.Gonzalez, Vicente A.Roy, KrishanuKhan, Khurram Igbal Ahmad, 2022). This spatial distribution highlights
global recognition of, and response to, the demand for information management and OSC in housing caused by
housing shortage, high labor costs, insufficient manpower, safety, and environmental concerns. This ensures the

representativeness of the reviewed publications.
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Figure 7. Number of publications by countries

As with the number of publications by countries, Hong Kong had the highest number of citations (2,205), which
is consistent with the fact that this is where OSC is applied in housing construction due to inefficient housing
supply (C. Z. Li, Xu, et al., 2018). This is followed by China (2,065 citations), which ranks similarly in terms of
the number of publications. The origins of industrialized construction, such as prefabrication and OSC, were
closely linked to developments in other countries, such as the United States, the UK, and Australia (Sanchez-
Garrido, 2023), and they had a high number of citations, reporting 514, 970, and 716 citations, respectively.
This means that a higher number of publications can lead to a greater impact. South Korea, Sweden, and New

Zealand, with eight, seven, and four papers, respectively, rounded out the top eight countries with the most
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1
2
3 impactful scientific publications in housing OSC. In terms of the region, Asia stood out with a total of 4,377
4
5 citations, compared to 2,838 citations from other regions.
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27
28 The minimum number of documents for a country and the minimum number of documents for an organization
29 were set to 0 and 2, respectively. A total of 26 countries met this threshold to create a collaborative network of
2(1) countries (as shown in Figure 9), and a total of 22 out of 97 organizations met this threshold to visualize the
32 relationships between research institutions (as seen in Figure 10).
gi Figure 9 shows a collaborative network map of countries based on their research output on information
35 management and OSC in housing, and the size of each node reflects the number of publications from a country,
36 whereas the links among nodes indicate co-authorship relationships across countries. This network map
37
38 facilitates the recognition of the location of critical contributions and publication interactions and visualizes that
39 Hong Kong, Brazil, Australia, and the UK are well connected and play a leading role in international
40 . . . . . . . .
41 collaboration on this topic. However, global collaborative studies on information management and OSC in
42 housing remain limited to only a few countries.
43
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56 Other active countries in this research area include New Zealand, Canada, Pakistan, and Germany. These
57 countries are less connected in the network map, suggesting that their research on this topic is more
>8 independent.
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Figure 10. Number of publications by countries

Figure 10 highlights the top 20 out of 87 research institutions engaged in studying OSC in housing in terms of
the number of publications, while the rest of the research institutions published only one paper on this research
topic. As shown in Figure 10, the Hong Kong Polytechnic University and the University of Hong Kong were the
most active research institutions in this field of research with 15 publications, followed by Shenzhen University
(China, seven publications), Curtin University (Australia, six publications), Lulea University of Technology and
Lund University (Sweden, four publications), and The University of Auckland (New Zealand, four
publications). Of the 87 research institutions, most were higher education establishments, primarily universities,
and only 13 of the research institutions were either commercial companies or government research
organizations.

Figure 11 illustrates a strong collaborative network of research institutions, including the Hong Kong
Polytechnic University, Curtin University (Australia), Chongqing University (China), and the University of
Auckland (New Zealand). Similar to the collaborative network among countries, research collaborations on this
topic were limited to just a few institutions. This limited interconnectivity indicates a notable lack of

collaboration among research institutions in the study of OSC in housing.

curtin univer§ity, australia

th‘e hong kong polytecw university, hofg kong

the university of augkland, newgealand

chonggqing university, china

Figure 11. A collaborative network of research institutions

22

http://mc.manuscriptcentral.com/ecaam

Page 22 of 38



Page 23 of 38

oNOYTULT D WN =

Engineering, Construction and Architectural Management

Figure 12 represents the global geographic distribution of OSC in housing research on a world map to

demonstrate the location of critical contributions and the number of publications by countries.
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Figure 12. World map of the number of publications by countries

4.5 Frequency analysis on classification, project phases, and information types
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Figure 13. Sankey diagram of information management for offsite construction in housing

Figure 13 presents a Sankey diagram illustrating an overview of the 68 selected publications, which displays
four distinct categories represented as columns from left to right. As shown in the first column, the studies are
classified into four categories according to the different terms by countries and publications: “Prefabrication (31
papers),” “Modular Construction (20 papers),” “Offsite Construction (12 papers),” and “Modem Methods of
Construction (five papers).” The second column represents the phases/stages of a construction project lifecycle,
while the subsequent two columns depict the interaction with the types of information and the types of
information management for OSC in housing, such as BIM (26 publications), data assessment (18 publications),

construction management (15 publications), and lifecycle management (nine publications), with the different
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types of information on the third column. The thickness of curved flow lines between elements displays the

frequency of co-occurrence between them.
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5. SUMMARISED FINDINGS AND FUTURE TRENDS

5.1 Summary and key findings

OSC is an innovative approach that enhances efficiency, safety, and sustainability significantly by
manufacturing key components in a factory and assembling them onsite. However, the varying terminology
used across different countries, such as MMC in the UK and PPVC in Singapore, can complicate international
collaboration and information sharing. To address this, the adoption of a unified term such as “Offsite
Construction (OSC)” was proposed to standardize global practices and facilitate clearer communication across
the industry.

OSC has become a crucial strategy for addressing global housing demands by enabling faster, high-
quality, and sustainable building processes. The adoption of various OSC methods tailored to regional needs and
materials highlights their versatility and effectiveness in both rural and urban settings. However, fully
integrating OSC principles, such as DfMA, remains challenging, requiring better tools and multidisciplinary
collaboration to optimize their benefits.

The bibliometric and scientometric analysis of the 68 selected papers in this study revealed a growing
interest in information management and OSC in housing, with a notable increase in publications since 2009. The
research is thematically clustered, covering diverse topics, such as MMC, BIM, and modular design, with key
contributions from top journals, such as Automation in Construction and Journal of Cleaner Production,
Elsevier. This analysis highlights the evolving focus on OSC in housing, reflecting its increasing relevance and
the need for continued research in this area.

The keyword co-occurrence analysis of the 68 selected papers on information management and OSC in
housing revealed that “building information modelling (BIM)”, “prefabrication” and “internet of things (IoT)”
are central themes, reflecting their significant impact on the field. Recent studies have demonstrated how these
technologies are transforming OSC practices. For instance, (Kordestani, Babaeian Jelodar, Paes, Sutrisna, &
Rahmani, 2024) showed that BIM integrates and visualizes data across design, manufacturing, and installation
in OSC, enabling collision detection, enhanced collaboration, waste reduction, and sustainability improvements.
These capabilities contribute to increasing project efficiency and accuracy while reducing costs and time.
Furthermore, the integration of BIM and IoT digitizes and automates all aspects of data management, assembly
processes, collaboration, and maintenance, significantly improving the overall efficiency and precision of OSC
projects . These technologies play a pivotal role in transitioning OSC from traditional construction methods to a
future-oriented construction approach.

The co-author co-occurrence network analysis identified key researchers in the field of information
management for OSC in housing, with Geoffrey Qiping Shen, Clyde Zhengdao Li, and Fan Xue emerging as
influential figures based on their citation frequency and interconnectedness. The document co-citation network
highlights that the most frequently cited papers focus on integrating advanced technologies, such as IoT with
BIM, to improve efficiency in prefabricated construction. Although the total number of citations provided
insight into an article’s reach, normalizing TCbY revealed which articles have had the greatest impact on the
scientific community over time.

Research on OSC in housing is led by Hong Kong, China, and the UK, driven by factors of high labor
costs and a focus on modular construction. Hong Kong, in particular, has successfully implemented OSC in

public housing projects, aiming to enhance quality and productivity, and it stands out as a leading example with
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the highest citation impact in this field. However, global collaboration in OSC research remains limited to a few
key countries and institutions, and the gap between countries that have successfully adopted OSC and those
facing challenges is evident. For instance, South Korea struggles with barriers such as high initial investment
costs, a lack of standardized technologies, and limited availability of skilled labor, which hinder the widespread
adoption of OSC. These challenges highlight the need for policy support and the development of technical
infrastructure to facilitate OSC implementation. In contrast, Hong Kong and the United Kingdom have
overcome these obstacles through strong policy frameworks, standardized design systems, and continuous
technical education, achieving significant success in OSC adoption and expansion. This comparison underscores
the importance of tailored strategies and policy approaches that account for country-specific contexts to promote

OSC adoption effectively.
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5.2 Implications and future trends

Based on the insights gathered in this study, several possible paths for future trends in OSC in housing can be
proposed as OSC can help meet the demand for affordable housing by enabling faster delivery and public-
private collaborations. One promising direction is to enhance international and institutional collaboration. By
strengthening networks between countries and institutions, particularly those less represented in current
research, the field can benefit from a broader exchange of knowledge and innovative practices. This
collaborative approach could lead to accelerated advancements and a combined global effort in addressing
challenges in OSC.

Another area for future work involves investigating emerging technologies and keywords that have not
yet been executed fully. Identifying and integrating these emerging trends can open up new research
opportunities and contribute to the evolution of best practices in the industry for technical integration in digital
tools to enhance the precision and scalability of modular projects. For example, evaluating the impact of specific
information management tools, such as BIM and IoT, is another valuable direction. Future studies can analyze
how these tools enhance efficiency, cost-effectiveness, and sustainability in real-world applications of OSC. By
assessing their effectiveness in practical scenarios, researchers can provide actionable insights for optimizing
these technologies.

Exploring regional variations in OSC adoption is also crucial. Research could investigate why certain
regions, such as Hong Kong and China, lead in this field while others lag. Understanding the factors
contributing to these disparities can help develop targeted strategies to overcome barriers and promote the
adoption of OSC methods in less active areas. The different regulations and practices are another key factor that
creates invisible barriers in the adoption, which requires further studies for mutual advancements.

Continued focus on sustainability and lifecycle assessment is also essential. Future research should dig
into how modular and prefabricated construction methods impact environmental performance and resource
efficiency as they reduce waste, lower greenhouse gas emissions, and promote material reuse and energy
efficiency. A suggestion could be to collaborate between OSC management and construction material studies.
The OSC and manufacturing environment can offer a controlled setting to adopt, test, and implement new
materials with reduced impact. Investigating these aspects will be vital for advancing green construction

practices and ensuring that OSC methods contribute positively to sustainability goals.
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6. CONCLUSION AND LIMITATION

The analysis in this study highlights the growing relevance of digital technologies, such as BIM, artificial
intelligence, and the Internet of Things, which are expected to influence future research and practice
significantly in this field. The study also identifies key areas of interest, including sustainability, circular
economy, advanced manufacturing techniques, policy implications, collaboration tools, health and safety, and
social impacts. By examining the most relevant keywords, influential journals, and productive authors, the study
offers valuable insights into the state of research and its potential future directions.

There are still limitations to this study that must be acknowledged. First, the research relies heavily on
existing publications and may not fully capture emerging trends or the most recent advancements from the OSC
practices and ongoing (but not presented yet) research efforts. The scope of the review is limited to the selected
publications, which might not encompass all relevant research or innovative practices. Additionally, the study's
focus on academic sources may overlook practical insights and industry experiences that are not yet widely
published. Future research should address these limitations by incorporating a broader range of sources,
including recent industry reports and case studies, to provide a more holistic view of the field.

The study’s conclusions also suggest several areas for future investigation. Future research could
explore the integration of advanced technologies, such as robotics and 3D printing, in OSC and their
implications for productivity and quality. The emphasis on sustainability and circular economy highlights the
need for more studies on the environmental impacts and lifecycle analysis of modular housing. Additionally, the
evolving regulatory frameworks and policy impacts on housing affordability warrant further exploration.
Enhancing collaboration tools and knowledge management systems, along with addressing health and safety
challenges in offsite environments, is also another critical area for future research. Finally, examining the global
and regional trends, particularly the adoption of OSC in developing countries, will be essential for

understanding the broader implications and opportunities in the field.
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