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Abstract. Building information modeling (BIM) and prefabricated construction (PC) are increasingly applied in the con-
struction industry. Recent academic and industrial efforts indicated that the application of BIM and PC is a solution to 
reduce lifecycle costs, reduce waste, increase productivity and improve quality in construction. Although previous stud-
ies have advanced the integration of BIM and PC, extensive research scope and scattered research topics cannot form an 
overall picture of knowledge structure. Hence, this study aims to establish an up-to-date synthesis of the latest research on 
BIM for PC and identify the research gaps and future needs. First, a database with 103 journal articles on BIM for PC was 
established through data collection; second, a bibliometric analysis was applied to determine the top journals, articles and 
to map the latest mainstream research. Last, a qualitative analysis was used to determine the mainstream research areas and 
identify the research gaps and future needs. This study may contribute to enrich our body of knowledge on the use of the 
techniques in conjunction, help researchers and builders to understand the latest progress of BIM for PC research in timely 
fashion, and promote the integration of BIM with PC and other cutting-edge technologies moving forward.

Keywords: building information modeling (BIM), prefabricated construction (PC), literature review, bibliometric analysis, 
research gaps.

Introduction

The construction industry has been criticized for its low 
productivity, high lifecycle costs, and poor environmental 
performance (Abanda et al., 2017; Li et al., 2019a). These 
problems are mainly attributed to the lack of industriali-
zation principles and poor information management in 
the past (Ezcan et  al., 2013). Prefabricated construction 
(PC) and building information modeling (BIM) are recog-
nized as feasible solutions to the crisis in the construction 
industry (Cabinet Office, 2011). As an off-site, factory-
based production approach, PC incorporates the concepts 
of mass production and automation into construction to 
further streamline the process and increase worker pro-
ductivity while enhancing eco-sustainability (Goodier & 
Gibb, 2007; He et al., 2020). Featuring the product-orient-
ed tasks and the wide geographical distribution of multi-
stakeholders that form the temporary organization, a lack 
of communication between stakeholders has become the 
primary challenge for PC (Ezcan et  al., 2013). Recently, 
emerging BIM technology has been recommended as the 
ideal technology to complement PC. Put simply, BIM is an 

object-oriented building information model, which con-
tains the necessary data to plan certain phases of a build-
ing’s life-cycle (e.g., scheduling, analyses, cost evaluation, 
etc.). Meanwhile, the industry defines BIM from a more 
macro perspective. According to the U.S. National BIM 
Standard, BIM is “a digital representation of the physical 
and functional characteristics of a facility”, as well as “a 
shared knowledge resource for information about a facil-
ity that can form a reliable basis for decisions during its 
life-cycle, which is to say its existence from earliest con-
ception to demolition” (National Building Information 
Model Standard Project Committee, 2018). Due to the 
model-centric and object-oriented core of BIM and the 
product-oriented characteristic of PC, the two technolo-
gies are highly complementary, and simultaneous appli-
cation will maximize their benefits for the construction 
industry (Singh et al., 2019).

Despite the well-documented benefits, the widespread 
awareness and adoption of PC seems to be hindered (Nad-
im & Goulding, 2011; Wuni & Shen, 2020). The applica-
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tion of PC technologies and practices of management re-
mains at a low level (Li et al., 2016). Some studies attribute 
the deficiency to limited recognition of the benefits (Nad-
im & Goulding, 2011), the lack of knowledge, experience 
and skill with the core concepts of the PC method (Good-
ier & Gibb, 2007; Xue et al., 2018a), shipping limitations 
(O’Connor et al., 2016), lack of standardization (Ramaji & 
Memari, 2018), the inability to execute early design freeze 
(Blismas et al., 2005), fragmentation and discontinuity of 
the entire prefabrication supply chain (Li et al., 2016), in-
efficient collaboration culture (Ramaji & Memari, 2018), 
complex information and communication process (Nad-
im & Goulding, 2011), ineffective communication among 
participants (Larsson et  al., 2006), lack of platforms to 
increase interoperability and functionality (Annan et al., 
2009), and that diverse multidisciplinary knowledge has 
yet to be integrated (Gao et al., 2018). To cope with the 
above issues, advanced technology and management tech-
niques have been developed, such as Lean construction 
(Ballard et  al., 2003), supply chain management (Wang 
et al., 2019), and BIM (Costa & Madrazo, 2015). 

Currently, the application of BIM for PC (“BIM for 
PC” is used to represent “the application of BIM for 
PC” hereafter) is attracting increased research attention, 
and several related recent studies have been devoted to 
analyzing how BIM can be used for PC, aiming to more 
fully explore the potential benefits of BIM for PC. These 
benefits include but are not limited to: greater preci-
sion in specifying material requirements (Abanda et al., 
2017), better communication between stakeholders (Tang 
et al., 2019) and higher labor productivity (Poirier et al., 
2015). To be exact, BIM provides digital representation 
of PC components and their rich geometric and seman-
tic information, such as material composition, resource 
availability and manufacturing data, which can be used 
for simulating manufacturing strategies and determining 
a flexible production plan (He et  al., 2020). Ezcan et  al. 
(2013) investigated the interaction between BIM and PC, 
and indicated that using BIM with PC will increase the 
amount/scale of facilities that can be modeled while de-
creasing the modeling time and increasing quality (Ezcan 
et  al., 2013). Several other studies investigated the ad-
vantages of BIM in promoting information management, 
especially the interoperability between PC components 
in terms of data sharing (Babič et  al., 2010; Demian & 
Walters, 2014; Li et  al., 2019b). Furthermore, the “con-
struction process simulation” and “4D visualization of 
construction schedules” function of BIM is widely used 
for PC project management to perform logistic planning 
and control, planning resource utilization, and analyzing 
workspace congestion (Bortolini et al., 2019). Given the 
recent recognition of BIM and PC, some scholars have 
attempted to develop an effective platform to support in-
formation management and the decision-making process. 
For instance, an integrated conceptual framework was 
developed by combining the object-oriented attributes of 
BIM and the production-oriented characteristics of PC to 

support decision-making and collaboration in improving 
working efficiency (Li et al., 2019b). 

In general, scholars have attempted to explore the 
application of BIM for PC from different perspectives, 
but the existing research trend is to focus on one topic 
in particular. The broad scope of research and disparate 
research topics cannot form an overall picture of knowl-
edge structure. Although some recently published BIM 
for PC-related review articles were found (Abanda et al., 
2017; Ezcan et al., 2013; Jin et al., 2018), they have some 
limitations. For instance, Jin et al. (2018) made a holistic 
review of the PC-related literature published between 2008 
and 2018 and realized the potential of combining BIM and 
PC, but the study mainly focused on PC rather than BIM 
for PC specifically. Ezcan et al. (2013) and Abanda et al. 
(2017) qualitatively reviewed the research related to BIM 
for PC and proposed possible future opportunities with 
an emphasis on the technological potential of BIM for PC. 
However, these studies contained subjective speculation 
and a limited number of articles were selected, which may 
have produced biased results. A quantitative method may 
go a long way to bridge the research gap. In review, the ex-
isting literature review is insufficient, preventing research-
ers from the state-of-the-art development of BIM for PC 
based on both academic research and industrial practices. 

To compensate for the deficiencies in the existing re-
search, this study combines quantitative and qualitative 
methods in a holistic review of the literature on the re-
search of BIM for PC by targeting the following objectives: 
to discover the most influential journals and top articles 
in this domain; to examine the latest mainstream research 
areas focus related to BIM for PC; to identify research 
gaps and propose research directions for future work on 
BIM for PC. The findings can help academic researchers 
and builders to understand the latest progress of BIM for 
PC research in a timely fashion, and promote the integra-
tion of BIM with PC and other cutting-edge technologies 
moving forward. To obtain a comprehensive review, the 
following three-step review approach was conducted: (1) 
collecting data utilizing appropriate keywords to select 
articles from Scopus; (2) determining the top journals, 
articles, and mapping the latest research through a biblio-
metric analysis and then highlighting the state-of-the-art 
of each area; and (3) determing the mainstream research 
areas and identifying the research gaps and future needs 
by qualitative analysis.

1. Methods

This study uses a holistic literature review to examine the 
latest mainstream research and identify gaps and future 
trends in the field of BIM for PC. Previous studies advo-
cated this method in reviewing the literature, because it 
combines quantitative and qualitative methods for inte-
gration and analysis of available literature (Jin et al., 2018, 
2019). The overall workflow is illustrated in Figure 1 and 
consists of three steps, namely, data collection, a biblio-
metric analysis, and quantitative analysis.
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1.1. Data collection 

In this study, Scopus was selected as the database, because 
it covers a wider variety of journals and recent publica-
tions than other available databases (e.g., PubMed, Web 
of Science) (Meho & Rogers, 2013). Data collection began 
with using appropriate keywords to search the title, ab-
stract, and keyword sections of publications in the Scopus 
database. The search rule was:

TITLE-ABS-KEY ((“building information model*” OR 
“*BIM” OR “virtual design and construction” OR “VDC” 
OR “as-built model*” OR “virtual model*” OR “CAVT*”) 

AND
(“prefabrication” OR “prefabricated building” OR “pre-

fabricated housing” OR “prefabricated construction” OR 
“precast concrete” OR “precast fabrication” OR “off*site 
construction” OR “off*site manufactur*” OR “off*site pro-
duction” OR “modular construction” OR “modular build-
ing” OR “industriali?ed construction” OR “industriali?ed 
building*” OR “industriali?ed housing” OR “modern 
method* of construction”)).

Notably, to obtain all valuable related publications, the 
search had no timeframe limitation.

Based on the aforementioned keywords, 370 journals 
were selected. However, some articles outside of the re-
search scope were included in the search results. Thus, two 
additional criteria for article selection were employed to 
determine the research boundary.

(1) The papers selected for the study were all peer-
reviewed scientific journals in English to ensure 
the quality of the data. Conference papers were 
excluded because they are published with more 
frequency but less detail than journal papers (Jin 
et al., 2018).

(2) The focus of the selected articles was strictly lim-
ited to the application of BIM for PC. Articles be-
yond the scope of the Engineering, Construction 
and Architecture (ECA) industries were excluded.

Subsequently, each article in the search results was 
screened to exclude those that did not match all of the 
above criteria. Finally, a dataset of 103 articles was estab-
lished for the present study.

1.2. Bibliometric analysis

A bibliometric analysis, is a quantitative method used for 
mapping the domain of scientific data on a given subject 
(van Eck & Waltman, 2010), and has gained popularity 
among scholars of various disciplines (Oraee et al., 2017). 
Consequently, this paper adopts VOSviewer, a text-mining 
tool for bibliometric analysis that is available for free, to 
analyze and visualize the dataset in the domain of BIM 
for PC. The objectives of this step was to: 1) import the 
downloaded articles from Scopus; 2) visualize the distri-
bution of articles according to year, journal title and cita-
tions contained, and analyze publication trends and the 
influence of key journals and articles; and 3) mapping the 
mainstream research areas based on co-occurrence of key-
words analysis.

1.3. Qualitative analysis

Following the bibliometric analysis, a qualitative analysis 
was conducted to determine the mainstream areas and 
identify the potential research gaps and future needs. A 
qualitative method was chosen because it furnishes the 
broadest comparison of different studies and can help 
identify any blind spots in the existing research (Oraee 

Figure 1. The three-step workflow of the literature review
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et al., 2017). It should be noted that this method requires 
a detailed understanding of the content of each article. Al-
though time-consuming, careful reading can help identify 
preliminary but significant research topics that are difficult 
to locate with a bibliometric analysis alone. 

2. Results

2.1. An overview of the literature sample

After data collection, a database containing 103 journal 
articles was established in September 2020. The earliest 
article in the database was published in 2005 (Sacks et al., 
2005). Sacks and Eastman, the authors of the article, are 
outstanding scholars in the BIM field. Figure 2 illustrates 
the distribution of the selected articles published yearly 
throughout the selected timespan. It reveals a pronounced 
upward trend in publications from 2005 to September 
2020, suggesting an increasing interest in the application 
of BIM for PC. Published research related to BIM for PC 
rapidly increased in 2015, and for the first time reached 10 
papers per year. The current trend predicts that study in 
this field will continue to increase in the future.

2.2. Citation analysis of journal sources

The selected articles involve 36 journal sources. Iden-
tifying the key journals regarding BIM for PC can help 
readers to search for the highest quality articles (Hosseini 
et al., 2018). In the present study, the journal sources were 
analyzed using VOSviewer. The authors set the minimum 
number of documents (articles) and the minimum num-
ber of citations of a source at 1 and 30, respectively. This 
threshold selection was based on two main reasons: (1) ex-
isting bibliometric literature review (Hosseini et al., 2018; 
Oraee et al., 2017); (2) multiple experiments to generate to 
create a readable and manageable network. In total, 18 out 
of 36 journals met al. conditions and were included in a 
network as shown in Figure 3. Each journal is represented 
by a node and a label. The number of articles published in 

each journal determines the size of the node. Most articles 
can be traced from their journal of origin to a larger body 
of research through the citations, represented by a path 
to a larger node. The connection lines indicate the direct 
citation between journals. The thicker the lines between 
two journals, the more mutual citations between them. 
The clusters of various colors represent the relatedness of 
journals in terms of direct citations. Note that some jour-
nals with low citations are not displayed in the figure, and 
some journal names may not be fully visible. Detailed in-
formation and quantitative measurements of the journals’ 
influence are presented in Table 1. The main findings are 
summarized as follows.

As illustrated in Figure 3 and Table 1, Automation in 
Construction, with 28 articles and 1256 total citations, 
stands out as the most prominent journal in the field of 
BIM for PC. Journal of Cleaner Production (10 articles, 290 
total citations), Journal of Computing in Civil Engineering 
(6 articles, 220 total citations) round out the top three 
journals in terms of the number of articles and total cita-
tions. The total link strength between them shows that the 
three journals also have the highest connection with other 
journals. However, some scholars believe that the quality 
of journals cannot be evaluated simply by the number of 
papers and the total citations. It is necessary to evaluate 
the average quality of the articles published in journals (Jin 
et al., 2018). Therefore, the average citations (Avg. citations) 
per article and the average normalized citations (Avg. 
norm. citations) are introduced. The Avg. citations and 
Avg. norm. citations were calculated according to Eqn (1)  
and Eqn (2): 

Total CitationsAvg. citations = ;
Number of articles

 (1)

Avg. citationsAvg. norm. citations = ,
t

 (2)

where t denotes the average publication year of the articles 
published by a journal.

Figure 2. Distribution of published articles per year (2005–September 2020)
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In terms of Avg. citations per article, International 
Journal of Project Management, Resources, Conservation 
and Recycling, Construction Management and Economics, 
and Automation in Construction were shown to have a 
high influence. Owing to the fact that older articles have 
more time to be cited than recent ones, journals that have 
only made contributions to the field in recent years may 
be buried. The Avg. norm. citations reduce the impact 
of the time since publication and can be used to evalu-
ate the contribution of the journal more accurately. The 

results indicate that International Journal of Construction 
Management, Computer-Aided Civil and Infrastructure En-
gineering, Construction Management and Economics, and 
International Journal of Project Management were shown 
to have a high influence per article per year. Besides, Au-
tomation in Construction, Engineering, Construction and 
Architectural Management, Habitat International, Journal 
of Building, Journal of Cleaner Production, and Journal 
of Management in Engineering were categorized in the 
same cluster, indicating a high degree of interrelatedness.  

 Figure 3. Mapping of influential journals in the research of BIM for PC

Table 1. Quantitative measurements of journals’ influence

Journal Number  
of articles

Total link 
strength

Total 
Citations

Avg. 
citations

Avg. norm. 
citations

Automation in Construction 28 55 1256 45 1.25
Computer-Aided Civil and Infrastructure Engineering 1 5 63 63 2.00
Computers in Industry 1 2 37 37 1.04
Construction Management and Economics 1 1 65 65 1.83
Electronic Journal of Information Technology in Construction 2 6 79 40 0.60
Engineering, Construction and Architectural Management 4 11 213 53 0.66
Habitat International 1 6 45 45 1.42
International Journal of Construction Management 4 3 32 8 2.83
International Journal of Project Management 1 5 90 90 1.77
Journal of Building Engineering 1 11 34 34 1.19
Journal of Cleaner Production 10 28 290 29 1.58
Journal of Computing in Civil Engineering 6 9 220 37 0.78
Journal of Construction Engineering and Management 3 4 40 13 0.60
Journal of Management in Engineering 2 10 30 15 0.72
Malaysian Construction Research Journal 1 0 32 32 0.90
PCI Journal 1 5 47 47 1.00
Resources, Conservation and Recycling 3 5 197 66 1.72
Sustainability 4 4 32 8 0.30
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This is remarkable because these journals are not only 
deeply connected and reinforced by mutual citations, but 
also the top journals in the construction industry, which 
indicates that research of BIM for PC is a high priority for 
the construction industry.

2.3. Citation analysis of top articles

Citation information from the journal articles with the 
highest impact was extracted from VOSviewer. The 15 
most cited articles in the database are listed in Table 2. 
Similar to the concept of the citation analysis used in Sec-
tion 2.2, the measurement indicators of total citation and 
normalized citation were combined to analyze the articles 
to ensure objectivity in the citation analysis.

Lee et al. (2006) was the most cited study, which in-
dicates that it is one of the earliest studies in the field of 
BIM for PC, and had a high impact on subsequent studies. 
Eastman et al. (2010) and Jeong et al. (2009) received the 
second and third highest citation numbers, respectively, 
but their normalized citation numbers were a little higher 
than Lee et al. (2006). These studies focus on the topics 
of information exchange and interoperability and made 
vital contributions to the application of BIM for PC. The 
outstanding scholars Eastman and Sacks contributed to 
all three studies. For all of the aforementioned reasons, 
this study ranks these as the top three articles. Although 

the study by Zhong et al. (2017), focusing on the integra-
tion of BIM with the Internet-of-Things (IoT), received 
the fourth-highest total citation number, it received the 
highest normalized citation. Two other articles, Li et  al. 
(2018a) and Li et al. (2016), which have achieved higher 
standard citation rates, also developed the platform by in-
tegrating BIM and IoT to support decision making for PC. 
Therefore, it can be inferred that the IoT may be a high 
impact keyword in the field, which is verified in the next 
section. The study by Sacks et al. (2010) is strongly cor-
related with the top three studies, and also focused on the 
topics of information exchange and interoperability. Based 
on analysis from previous studies, Babič et al. (2010) and 
Chen et al. (2015) discussed the potential of BIM for PC 
and put forward a BIM-based implementation framework 
for PC. Kim et al. (2015, 2016) devoted themselves to the 
study of laser scanning for automatic quality inspection 
and their articles, Kim et al. (2015) and Kim et al. (2016) 
are cited in the top 15 most relevant articles. Akinade et al. 
(2015) and Ajayi et al. (2015) focused on how to reduce 
waste from PC projects to improve environmental sustain-
ability, and they both received a high number of citations 
and standard citations. The last two studies, Kaner et al. 
(2008) and Demian and Walters (2014) focused primar-
ily on defining the tangible benefits of BIM for PC and 
exploring potential applications.

Table 2. Top 15 articles with the highest impact in BIM for PC

Author Title Citation Norm. 
citation

Lee et al. (2006) Specifying parametric building object behavior (BOB) for a building information modeling 
system 223 1.00

Eastman et al. (2010) Exchange model and exchange object concepts for implementation of national BIM 
standards 136 1.30

Jeong et al. (2009) Benchmark tests for BIM data exchanges of precast concrete 104 1.79
Zhong et al. (2017) Prefabricated construction enabled by the Internet-of-Things 98 3.42
Babič et al. (2010) Integrating resource production and construction using BIM 92 0.88
Chen et al. (2015) Bridging BIM and building: from a literature review to an integrated conceptual framework 90 1.77

Li et al. (2016) Schedule risks in prefabrication housing production in Hong Kong: a social network 
analysis 87 2.74

Kim et al. (2015) A framework for dimensional and surface quality assessment of precast concrete elements 
using BIM and 3D laser scanning 86 1.70

Sacks et al. (2010) The rosewood experiment – building information modeling and interoperability for 
architectural precast facades 85 0.81

Akinade et al. (2015) Waste minimisation through deconstruction: a BIM based deconstructability assessment 
score (BIM-DAS) 74 1.45

Ajayi et al. (2015) Waste effectiveness of the construction industry: understanding the impediments and 
requisites for improvements 74 1.45

Kaner et al. (2008) Case studies of BIM adoption for precast concrete design by mid-sized structural 
engineering firms 67 1.00

Demian and Walters 
(2014) The advantages of information management through building information modelling 65 1.83

Li et al. (2018a) An internet of things-enabled BIM platform for on-site assembly services in prefabricated 
construction 64 2.96

Kim et al. (2016) Automated dimensional quality assurance of full-scale precast concrete elements using laser 
scanning and BIM 63 2.00
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2.4. Co-occurrence of keywords

To provide an accurate picture of the main research 
stream and topics covered in the domain of BIM for PC, 
a co-occurrence network of keywords was created using 
VOSviewer software. In the Scopus database, there are 
two types of keywords: (1) “author keywords”, provided 
by authors, and (2) “index keywords”, derived from the 
title and abstract of the article. The present study used 
both of the keywords extracted from the database con-
taining 103 articles associated with BIM for PC. Notably, 
(1) some keywords with semantically consistent meaning 
were normalized, shown in Table 3, internet of things and 
internet of things (iot) were merged into “iot”; (2) general 
keywords, such as “BIM”, “construction”, “construction in-
dustry”, were excluded because they do not add value to 
the present study. A total of 46 keywords connected by 
351 links were selected. Figure 4 illustrates the keyword 
network, where the node size represents the frequency 
at which a keyword occurs, the line represents a link be-
tween two keywords, and the distance between two key-
words indicates their relatedness. Moreover, the different 
colored nodes divide keywords into 6 clusters, which will 
be discussed later. Detailed quantitative information is 
presented in Table 3. Due to rapid innovation in the field, 
Table 3 contains as much information as possible for all 
keywords from Figure 4 to avoid overlooking newer topics.

As shown in Figure 4 and Table 4, except for PC, the 
top 5 items with the highest occurrence frequency were 
“Prefabricated components”, “Decision making”, “De-
sign”, “Information management”, and “Project manage-

ment”. This reveals that the mainstream research on BIM 
for PC is from the perspective of using BIM technology 
to provide information management support for design, 
product management, and decision-making. The nodes 
of different colors categorize the keywords into 6 clusters. 
The keywords in each cluster are closely related, and usu-
ally, the keywords represent the primary content of exist-
ing research, so a cluster represents a mainstream area of 
research. The following section will determine the main-
stream research areas by defining these clusters.

Table 3. Normalized keywords list

No. Original keywords Normalized keywords

1 scanning 3d laser scanning
2 laser applications 3d laser scanning
3 components prefabricated components
4 precast concrete elements prefabricated components
5 sustainable development sustainability
6 internet of things iot
7 internet of things (iot) iot
8 building buildings
9 structural design design

10 architectural design design

11 industry foundation  
classes – ifc ifc

12 radio frequency  
identification (rfid) rfid

Figure 4. Mapping of co-occurrence keywords in the research of BIM for PC



492 S. Zhang et al. A holistic literature review of building information modeling for prefabricated construction

Table 4. Co-occurrence keywords in the articles of BIM for PC

Label Total link 
strength Occurrence Avg. pub. Year Avg. citations Avg. norm. citations

PC 95 28 2018 17.96 1.20 
Prefabricated components 49 17 2017 24.35 0.87 
Decision making 49 14 2018 29.57 1.40 
Design 47 13 2016 19.31 0.84 
Information management 39 12 2016 37.58 0.83 
Project management 32 11 2015 44.36 0.84 
Manufacture 27 10 2019 12.70 0.86 
Modular construction 32 10 2018 14.60 0.61 
Productivity 29 10 2015 30.40 0.65 
IFC 32 9 2016 49.67 1.13 
Interoperability 29 9 2014 64.11 1.41 
Life cycle 34 8 2019 11.50 0.96 
3D laser scanning 23 7 2016 35.57 1.01 
Automation 19 7 2019 8.86 0.98 
Sustainability 21 7 2018 19.86 0.71 
Decision support systems 31 7 2018 45.29 1.77 
IoT 24 7 2018 37.71 2.04 
Performance 15 6 2017 34.33 1.00 
Collaboration 26 6 2018 15.00 1.08 
Communication 19 6 2018 39.50 1.73 
Quality 19 6 2017 21.67 0.72 
Coordination 16 6 2018 24.50 1.25 
Simulation 21 6 2016 51.17 0.85 
Integration 22 5 2017 14.00 0.89 
PHP 13 5 2018 29.80 1.45 
Cost 19 5 2017 13.40 0.50 
Optimization 11 5 2018 8.40 0.87 
China 15 5 2018 35.20 1.65 
Information delivery 14 5 2014.8 53.40 0.94 
Information exchanges 21 5 2016.4 36.20 0.62 
Barriers 8 4 2019 17.00 2.46 
Benefits 9 4 2018.5 14.75 1.86 
Performance assessment 9 4 2016.25 42.75 1.18 
Conceptual frameworks 16 4 2017 32.25 1.26 
Efficiency 20 4 2018.75 12.25 1.15 
Supply chain 9 4 2015.5 37.50 1.15 
Construction automation 14 4 2019.75 7.25 1.06 
Inspection 10 4 2018 31.50 1.26 
Lean 10 4 2017.75 28.50 1.49 
Artificial intelligence 20 4 2018.5 38.75 1.58 
Hong Kong 14 4 2016.5 53.50 1.55 
Real-time 12 4 2017 49.75 1.69 
RFID 16 4 2017.5 62.25 2.43 
Energy efficiency 17 4 2016.5 20.75 0.74 
Product design 16 4 2016.5 18.00 0.46 
Three dimensional 11 4 2009.75 82.75 
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3. Qualitative analysis and discussion

3.1. Current research trend

The keywords were categorized into intuitive clusters, 
which indicate the mainstream areas under the subject 
BIM for PC; however, the clusters are difficult to be de-
fined and explained without a deep understanding of the 
literature’s content. Therefore, on the basis of the co-oc-
currence network of keywords, we further read and com-
pared the literature carefully and defined the 6 clusters in 
the present study as follows:
(1) Information exchange and interoperability (Red cluster)

Efficient information management is the key to PC 
success (Tang et al., 2019). The necessity of information 
management for PC has been emphasized extensively in 
previous studies (Ezcan et al., 2013; Turk, 2006). BIM is 
intended to increase data interoperability, information de-
livery quality and collaboration between stakeholders in 
construction projects (Ezcan et al., 2013). Consequently, 
some studies have been devoted to improving the infor-
mation management capability of BIM for PC. The fre-
quent keywords “IFC”, “Information delivery”, “Informa-
tion exchanges”, “Information management”, and “Interop-
erability” in the cluster, and the close relationship between 
them, reflect the researchers’ attention to these aspects. 
As early as 2005, Sacks et al. (2005) discussed the shared 
goal of integrating software applications used by differ-
ent companies and to provide seamless data exchange 
between various participants in PC projects. Jeong et al. 
(2009) carried out a benchmark test of BIM data exchange 
for PC using a small but complex building model. The test 
results indicated that although the research and applica-
tion of IFC have made significant progress, substantial ef-
forts are necessary to achieve interoperability (Jeong et al., 
2009). At present, BIM can provide communication and 
information exchange services for all participants through 
interoperable BIM components (Tang et  al., 2019). IFC 
is an open standard data schema for data management 
and information exchange in the construction industry. To 
achieve interoperable digital exchange of product infor-
mation in modular buildings, Ramaji and Memari (2018) 
defined new IFC concepts for representation of compo-
nents and assemblies that are specific to modular build-
ings. Moreover, Eastman et al. (2010) outlined a precise 
procedure for developing information delivery manuals 
(IDM), which captures the use cases and the precise in-
formation to be exchanged (Eastman et  al., 2010). Note 
that use of BIM is encouraged in the life cycle information 
management of PC to maximize the application benefits 
of BIM, however, the standard for the generation and ex-
change of data must be solved in the design stage, espe-
cially in parametric 3D modeling. Accordingly, we can see 
that “Design” and “Life cycle” also appear in this cluster 
and are closely linked with the other keywords.
(2) Decision support through integration of BIM with 

other innovations (Green cluster)
Previous studies highlighted that discontinuity of in-

formation is the key issue that hinders the intrinsically 

collaborative decision-making in PC projects (Li et  al., 
2018b, 2019b). In recent years, some scholars have tried 
to overcome this difficulty by integrating BIM with other 
innovative technologies, such as RFID, Sensing, IoT, and 
Artificial Intelligence technologies (Chen et al., 2015; He 
et  al., 2020; Li et  al., 2019b). As stated by He et  al., re-
search needs to expand IoT and Artificial Intelligence to 
collect the many-layered data from PC progress, perform 
predictive analysis, and optimize the control decisions for 
the project operations (He et al., 2020). They developed 
a data-driven decision making system for the design and 
digital fabrication of PC by integrating these technolo-
gies with BIM. Li et al. (2018b) analyzed the importance 
of real-time data for managerial decision-making during 
component manufacture, transportation and on-site in-
stallation, and designed an IoT-based BIM platform (Li 
et al., 2018b). The developed platform can provide a vari-
ety of decision support services to managers, for improv-
ing the efficiency of daily operations, decision making, 
collaboration, and real-time tracking. In their research, 
many advanced data acquisition, processing and tracking 
technologies were integrated into the platform, including 
RFID, virtual reality (VR) and IoT. Note that, China and 
Hong Kong (China) appear in this cluster. The two key-
words not only appear over 10 times but also get a high 
score in average published citations and average normal-
ized published citations. This indicates that scholars in 
these areas have made remarkable achievements. Related 
research, including but not limited to the above examples, 
has made great contributions to the study of BIM-based 
decision support tools for PC. 
(3) BIM-based simulation and optimization to improve 

PC performance (Blue cluster)
Although previous studies have proclaimed tremen-

dous advantages to the use of PC, scholars argue these ad-
vantages must be verified by quantitative methods (Wuni 
& Shen, 2020), while PC processes must be optimized for 
productivity (Nath et al., 2015). As a digital facility that 
integrates construction-related quantitative data into a 3D 
model, BIM provides a virtual platform based on which 
many simulation and optimization works can be per-
formed prior to the implementation of the construction 
of the physical facility (Hao et al., 2020). For example, the 
productivity of the manufacturing plan for prefabricated 
components was assessed by BIM-based 4D simulation 
technology (Lee & Kim, 2017). Gbadamosi et al. (2019) 
developed a BIM-based assembly optimizer to improve PC 
productivity (Gbadamosi et al., 2019). Wang et al. (2018b) 
provided a 4D-BIM-based workspace modeling method 
for installation workspace analysis, which can promote 
the optimization of prefabricated components design. 
Interestingly, these studies on productivity improvement 
often suggest the adoption of Lean principles. Besides, 
BIM-based simulation related to cost also received con-
siderable attention. For instance, Qi et  al. (2018) devel-
oped a BIM-based incremental cost analysis model, which 
can greatly help investors to identify the most significant 
expenses and form effective cost optimization strategies. 
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Further, the average published year of “sustainability” was 
2018, shown in Table 4, which indicates BIM-based sus-
tainability analysis is a more recent topic. Scholars believe 
that BIM offers an advanced tool for sustainability analy-
sis in construction projects because of its advantages in 
visualization, coordination, simulation, and optimization 
(Hao et al., 2020). By analyzing carbon emission reduc-
tion during the materialization stage of a PC project, the 
BIM-based method proved to be efficient and capable of 
realizing significant emission reduction (Hao et al., 2020). 
To propose a comparative environmental analysis of con-
ventional and prefabricated construction techniques, a 
BIM-based platform was used to measure relevant envi-
ronmental merits and for supporting decision-making of 
appropriate construction techniques. Given that the above 
studies are enough to prove the potential of BIM-based 
analysis methods aiming to improve PC performance, the 
remaining studies will not be listed one by one. Future 
research should combine BIM with new technologies or 
optimization methods to further enhance the capability 
of BIM-based simulation and optimization.
(4) Laser scanning for automatic quality inspection (Yel-

low culster)
Prefabricated components are popular in PC projects, 

and there is increasing demand to ensure the dimension-
al quality of the components during the manufacturing 
(Kim et al., 2016). Currently, however, quality inspection 
is imprecise and time-consuming due to being operated 
manually (Wang et al., 2016). Scholars posit the need for 
vision-based sensors in quality inspection (Martinez et al., 
2019), and an autonomous and intelligent quality inspec-
tion system is interoperable with BIM (Kim et al., 2015). 
Through the analysis of the co-occurrence keywords in 
Table 4, in conjunction with the content of the literature, 
reveals that some studies are trying to combine 3D laser 
scanning technologies with BIM for automatic quality in-
spection of prefabricated components (Guo et  al., 2020; 
Martinez et al., 2019; Wang et al., 2018a). The 3D point 
cloud model of a prefabricated component with high pre-
cision, high density, fast speed, wide range and low sen-
sitivity to light conditions can be obtained with 3D laser 
scanning (Guo et al., 2020). By comparing the 3D point 
cloud model with the pre-designed model, quality prob-
lems, such as deviations in dimensions (Kim et al., 2016), 
surfaces (Kim et al., 2015), and positions (Guo et al., 2020) 
can be detected. To leverage the potential of laser scanning 
in quality inspection and reduce manual operation, some 
studies try to integrate laser scanning technology with 
BIM to generate an as-built model automatically (Wang 
et al., 2018a). Furthermore, scholars have put forth a new 
algorithms which can ensure accuracy in quality detection 
and integrate it with BIM. For example, Xu et al. (2020) 
designed a more automated and more accurate quality 
control process by integrating the K-nearest neighbors 
(KNN) algorithm with laser scanning and BIM. Current 
research focuses primarily on automatic quality inspec-
tion of small, prefabricated components under experimen-
tal conditions, further studies are needed to determine its 
feasibility with large-size prefabricated components.

(5) BIM-enabled collaboration and communication in PC 
projects (Purple cluster)
Previous studies highlighted the significance continu-

ous collaboration among stakeholders in the construction 
process for the success of PC projects (Hu et  al., 2019). 
BIM’s capacity for seamless and timely information shar-
ing and exchange between stakeholders has a significant 
impact on PC implementation (Ezcan et  al., 2013; Mo-
stafa et  al., 2020), leveraging BIM capabilities may im-
prove collaboration and communication between different 
stakeholders distributed throughout the PC supply chain. 
Hwang et al. investigated the significant constraints that 
demotivate the adoption of PC, and proposed that the 
use of BIM to improve coordination and facilitate com-
munication between project stakeholders is a key strat-
egy to overcome the limitations (Hwang et  al., 2018). 
Similar proposals have been proposed and validated by 
other scholars in the industry (Hwang et al., 2018; Tang 
et al., 2019). Furthermore, the BIM-based digital model/ 
concept framework was widely studied to integrate key 
stakeholders during the life cycle of a project (Chen 
et al., 2015; Zhai et al., 2019). For example, Abedi et al. 
(2016) developed a system architecture and prototype of 
Context-Aware Cloud Computing Building Information 
Modelling for effective communication and enhance col-
laboration among stakeholders in the supply chain. Nawi 
et al. (2014) proposed an integrated approach by combin-
ing BIM and Integrated Project Delivery (IPD) to ensure 
highly effective collaboration among stakeholders of PC. 
Many of the above studies mentioned the potential of BIM 
for stakeholder cooperation in PC projects. However, the 
literature focused on how BIM can facilitate the collabora-
tion of stakeholders in PC projects, but limited systematic 
solutions were proposed.
(6) Drivers and barriers of BIM for PC (Pale blue cluster)

As we have seen, the benefits of BIM can be applied to 
PC to help solve a variety of practical problems, such as 
how to achieve digital fabrication (He et al., 2020), trans-
portation and storage tracking (Liu et al., 2020), as both 
academia and industry. The benefits have also been con-
firmed by some qualitative or quantitative studies. Ezcan 
et al. (2013) analyzed the challenges facing PC, and dis-
cussed how PC can benefit from BIM in order to enhance 
overall PC performance (Ezcan et  al., 2013). This study 
illustrated that providing an improved design, facilitating 
organizational collaboration, and the storage and sharing 
of precise information are among the most evident ben-
efits of BIM for PC. Tang et al. (2019) and Ji et al. (2019) 
used quantitative methods to study the impact of BIM 
benefits on PC performance (Ji et  al., 2019; Tang et  al., 
2019). Improvements in environmental sustainability are 
being increasingly discussed. For example, waste of mulch 
material can be reduced with BIM-based prospective de-
sign and through the planning of the installation of roof 
coverings for PC buildings (Liu et al., 2019). Despite the 
benefits of BIM, the adoption of BIM for PC still faces 
challenges. Ji et  al. (2019) summarized three main bar-
riers: 1) existing business models are difficult to adapt to 
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BIM applications; 2) many designers accustomed to CAD 
are not willing to change over to BIM, and 3) it is hard 
to change the existing pattern of cooperation and infor-
mation sharing between the teams of different projects (Ji 
et al., 2019). Many other studies have found similar results, 
and meanwhile, further barriers have been identified, such 
as lack of BIM standards (Nawari, 2012), increased design 
cost (Tan et al., 2019), and the heterogeneity of the data 
involved (Rahimian et al., 2019). We also found that there 
are many investigations of the drivers of and barriers to 
BIM implementation, which do not distinguish between 
PC and traditional construction, but are highly relevant to 
the focus of this study.

In addition to the above 6 research topics determined 
by clustering, an unexpected result was obtained from Ta-
ble 4 and Figure 4. According to the average year of publi-
cation, “construction automation” received more attention 
around 2020, which indicates that the integration of BIM 
and PC to realize the automatic construction of PC is the 
latest research topic. However, through qualitative analysis 
of the literature, it can be found that most of the relevant 
research is focused on the manufacturing stage in the fac-
tory, and the “automation” related research is focused on 
laser scanning for automatic quality inspection. Although 
there are also researches on BIM-based automatic design 
(Alwisy et al., 2019; Liu et al., 2019), production (He et al., 
2020), the numbers are very small and cannot cover the 
entire construction process. To be exact, existing research 
has not yet systematically investigated automated con-
struction for PC, only the exploratory studies on the par-
tial realization of automation. This means that automation 
construction is a goal worth striving toward, and may be 
a very hot research topic in the future.

3.2. Research gaps and future needs

Drawing upon the analysis of the current status of BIM for 
PC, several research topics and novel insights are summa-
rized in the previous sections. On this basis, further quali-
tative analysis was presented to identify potential research 
gaps and future needs. 
(1) Weaknesses in information exchange and interoper-

ability among heterogeneous BIM applications can-
not fully support PC. Research about information 
exchange and interoperability has made significant 
progress; however, we found that most of the relevant 
studies are based on specific cases, which leads to some 
discrepancies between research and application. Ac-
cording to Ramaji and Memari, existing information 
exchange standards cannot fully support PC (Ramaji 
& Memari, 2018). PC project is essentially a tempo-
rary organization composed of relatively autonomous 
stakeholders (Xue et al., 2018b). Heterogeneous BIM 
applications may be adopted by different stakeholders 
within the same project. The data generated by one 
BIM application may be difficult to apply elsewhere, 
which means that the data cannot be effectively shared 
and processed. To support information exchange and 

interoperability of heterogeneous BIM applications in 
practice, BIM data requires many modifications which 
weakens the design benefit (Lu et al., 2017). Accord-
ing to a survey conducted by Tang et al., most of the 
PC projects involved in the survey use BIM for 3D 
modeling, but few projects can convert the informa-
tion in a BIM model to other applications such as cost, 
schedule, or sustainability analysis (Tang et al., 2019). 
Therefore, improving the efficiency of information 
exchange and interoperability between heterogeneous 
BIM applications and applying the research results to 
practical projects need further research in the future.

(2) Research on the integration of BIM with other innova-
tive technologies for PC is not adequately systematic. 
In recent years, many studies explored the possibil-
ity of integrating BIM with other new inventions to 
release the potential of BIM for PC. According to the 
aforementioned research areas in Section 3.1, existing 
studies mainly include data-driven decision-making 
and automated quality detection. These studies not 
only offer new perspectives in the area of BIM for 
PC, but also serve as a solid foundation for further 
research. However, they are experimental research 
under controlled conditions, which leaves them still 
a long way from developing practical applications. 
These studies mainly focus on the development of 
the functions related to cost, schedule, and quality 
management, without considering the management 
of safety, environmental and social impact. In addi-
tion, most research focuses on the component manu-
facturing stage and rarely involves the field assembly 
stage, while research covering the entire life cycle re-
mains absent. Therefore, future research needs to be 
improved in light of existing results, try to develop 
more functions, cover more stages, and provide more 
systematic decision support and automated construc-
tion solutions for PC projects. 

(3) Existing studies regarding BIM for PC seldom involve 
the Lean principle. Lean construction has already been 
widely adopted in PC projects (Ballard et  al., 2003; 
Hosseini et al., 2018). Li et al. (2020) took Lean as one 
of the primary principles of industrialization. Schol-
ars affirmed that Lean construction is an unavoidable 
topic in PC-related research (Li et al., 2019a). Moreo-
ver, the integration of Lean and BIM in construction 
has been widely discussed in previous studies (Sacks 
et al., 2010; Zhang et al., 2020), but according to the 
results in Figure 4 and Table 4, the keyword “Lean” 
is not prominent, very few studies have explored the 
integration of the BIM, PC and Lean. Li et al. (2018a) 
analyzed the interaction between BIM and the Lean 
principle, and developed a hands-on learning tool to 
simulate the PC process, from manufacturing and lo-
gistics to onsite assembly by integrating the BIM plat-
form with Lean construction, as well as the training of 
students and practitioners. Nath et al. (2015) utilized 
the Lean principle to identify non-value adding activi-
ties in PC drawing design, and combined with BIM 
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tools, proposed a simplified and coordinated design 
workflow. Bortolini et  al. (2019) proposed the com-
bined use of the Lean principle and BIM to cope with 
the complexity of site logistics planning and control 
of PC projects. Although these early studies explored 
the interaction and benefits of BIM and Lean in PC 
projects, they did not propose a systematic framework 
that integrates BIM with Lean for PC projects. Future 
research should explore and verify the feasibility of 
integrating BIM and Lean based on the requirements 
of PC projects and should propose a guiding imple-
mentation framework.

(4) Lack of research on organizational change adapted 
to the changing technological environment. Change 
is vital for organizations to remain competitive as 
new working paradigms and technology emerge (By, 
2005; Erdogan et al., 2014). Wong et al. (2017) inves-
tigate the driving forces behind organizations adapt-
ing better uses of PC (Wong et  al., 2017). Lindblad 
and Vass (2015) studied what changes organizations 
need to make with respect to BIM implementation. 
Almost all the studies mentioned that BIM can ben-
efit from greater collaboration and communication 
among stakeholders. However, out of the 103 studies 
selected, few have analyzed the role and organizational 
relationship of stakeholders in the field of BIM for PC. 
Nevertheless, the significance of organizational change 
research can be found from 103 selected articles. For 
instance, in a study on the relationship between BIM 
implementation and PC project performance, coop-
eration of organizations was proven to have a dra-
matically positive effect on improving project perfor-
mance (Tang et al., 2019). Nawi et al. (2014) proposed 
an integrated approach by combining BIM and IPD, 
and also explored a new organizational collaboration 
framework of BIM for PC. Yet, these studies need 
further investigation to refine a viable strategy for or-
ganizations to adapt and for stakeholders to play more 
useful roles.

(5) Few studies speculated on how to enhance the integra-
tion of BIM and PC through the improvement of PC 
technology. It is widely recognized that BIM can facili-
tate the delivery of PC projects (Tan et al., 2019). For 
that reason, numerous studies have been devoted to 
maximizing the benefit of BIM for PC (Ballard et al., 
2003; Hosseini et al., 2018; Li et al., 2020; Ramaji & 
Memari, 2018; Tang et al., 2019). However, the inte-
gration of BIM and PC not only requires improving 
BIM Technology, but PC technology as well. The fact 
is, PC is still in its infancy (Luo et al., 2015), its tech-
nological and managerial systems need to be further 
improved to better function in cooperation with BIM. 
For instance, the development of standardized and se-
rialized prefabricated components could increase the 
amount/scale of facilities that can be modeled, while 
decreasing the modeling time and increasing the qual-

ity. Standardized interface design could greatly reduce 
the in-depth design work of BIM technology. Innova-
tive project delivery modes, such as IPD, can reduce 
the difference of BIM systems between different par-
ticipants and improve the interoperability of data.

Conclusions

Due to the advantages of BIM and PC for reducing lifecy-
cle costs, eliminating waste, increasing productivity, they 
are gaining increasing attention in both academia and in-
dustry. This study presented an in-depth review of the re-
search on BIM for PC in pursuit of the state-of-the-art of 
this field. First, a total of 103 journal articles were selected 
to define the scope of the review through data collection. 
Then, a bibliometric analysis was performed to determine 
the top journals, articles and mapping the latest research 
areas. Lastly, the mainstream areas were defined and the 
research gaps and future needs were identified by qualita-
tive analysis. The highlights of our findings are as follows:

 – Since 2005, the research on BIM for PC has shown a 
pronounced increase, as does the higher number of 
publications on the subject in 2015. It is expected that 
studies in this field will continue to improve. The top 
journals and top articles were also presented herein.

 – The latest mainstream areas were identified and di-
vided into 6 categories: information exchange and in-
teroperability, decision support by integration of BIM 
with other recent innovations, BIM-based simulation 
and optimization to improve PC performance, laser 
scanning for automatic quality inspection, BIM-en-
abled collaboration and communication in PC pro-
jects, drivers and barriers of BIM for PC. 

 – An in-depth quantitative analysis was carried out and 
identified 5 research gaps that need to be bridged in 
the future: Weaknesses in information exchange and 
interoperability among heterogeneous BIM applica-
tions cannot fully support PC; Research on the in-
tegration of BIM with other innovative technologies 
for PC is not adequately systematic; Existing stud-
ies regarding BIM for PC seldom involve the Lean 
principle; Lack of research on organizational change 
adapted to the changing technological environment; 
and few studies speculated on how to enhance the 
integration of BIM and PC through the improvement 
of PC technology.

This study can help academic researchers and the 
construction industry to understand the latest research 
on BIM for PC in a relatively short order, and promote 
the integration of BIM with PC and other advanced tech-
nologies. The limitation of this study is that to ensure the 
quality of selected articles, journal articles are used as the 
main source of the database, and some influential con-
ference papers may have been ignored. Also, engineering 
practice issues are not included in this study, because the 
study focuses instead on the status of academic research.
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