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A B S T R A C T

In the recent years, building information modeling (BIM) has transformed the architecture, engineering, and
construction industry, and attracted attentions from both researchers and practitioners. However, few studies
have attempted to map the global research on BIM. This study conducts a scientometric review of global BIM
research in 2005–2016, through co-author analysis, co-word analysis and co-citation analysis. A total of 614
bibliographic records from the Web of Science core collection database were analyzed. The results indicated that
Charles M. Eastman received the most co-citations and that the most significant development in BIM research
occurred primarily in the USA, South Korea and China. Additionally, BIM research has primarily focused on the
subject categories of engineering, civil engineering and construction & building technology, and the keywords
“visualization” and “industry foundation classes (IFC)” received citation bursts in the recent years. Furthermore,
10 co-citation clusters were identified, and the hot topics of BIM research were: mobile and cloud computing,
laser scan, augmented reality, ontology, safety rule and code checking, semantic web technology, and automated
generation. This study provides researchers and practitioners with an in-depth understanding of the status quo
and trend of the BIM research in the world.

1. Introduction

Building information modeling (BIM), defined as shared digital
representation of physical and functional characteristics of any built
object that forms a reliable basis for decisions [1], has been transform-
ing the architecture, engineering, and construction (AEC) industry in
many countries [2]. From the mid-2000s, AEC industry practitioners
started to adopt BIM in projects. To enhance BIM adoption, various
researches on BIM have been conducted in the last decade. Some
researchers focus on the technical issues relating to BIM, while others
deal with the non-technical issues. Obviously, BIM is not just a
technology, but also a project management tool and process [3], which
consists of all aspects, disciplines, and systems of a facility within a
model and enables all project participants (owners, architects, engi-
neers, contractors, subcontractors and suppliers) to collaborate more
accurately and efficiently than traditional processes [4]. Thus, several
benefits brought by BIM have been reported, such as significant project
cost and time savings [5], reduced errors and omissions, reduced
rework, maintained repeat business [6], and enhanced construction
productivity [7].

In the last decade, BIM research has been diverse and more
emerging technologies have been integrated into BIM. For example,
BIM is capable of facilitating 3D printing implementation [8] and has
been used in the 3D printing of small-scale models and large-scale

buildings, respectively [9]. Mahdjoubi et al. [10] developed a model to
help deliver real-estate services by integrating 3D laser scanning and
BIM. Wang et al. [11] proposed a conceptual framework that integrates
BIM with augmented reality (AR) in order to enable the real-time
visualization of the physical context of each construction activity or
task.

Previous researches also include reviews of BIM research. For
example, Tang et al. [12] surveyed the techniques that can be utilized
to automate the process of reconstructing as-built building information
models from laser-scanned point clouds; Cerovsek [13] provided a
review of the standards for data exchange and features of over 150
AEC/O (Architecture, Engineering, Construction, and Operation) tools
and digital models, and proposed a framework for enhancing both BIM
tools and schemata; and Volk et al. [14] presented a review of BIM
implementation and research in existing buildings, and identified
challenges that hindered BIM implementation. However, limited efforts
have been made to outline and visualize the research trends of BIM
research.

Scientometrics is defined as the “quantitative study of science,
communication in science, and science policy” [15, pp.75], and
includes the measurement of impact, reference sets of articles to
investigate the impact of journals and institutes, understanding of
scientific citations, mapping scientific fields and the production of
indicators for use in policy and management contexts [16]. This study
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attempts to conduct a scientometric review of the scientific literature
relating to BIM and gain a snapshot of this research field in 2005–2016.
The findings can provide researchers with a better understanding of the
current state of the BIM research in the world and identify the hot
topics in the literature. All of the bibliographic records used in this
study have been published by the Web of Science (WOS) core collection
database.

2. Method

This study analyzed all the articles in the WOS core collection
database, which consists of the most important and influential journals
in the world [17,18], and includes most publications on BIM. After pre-
analysis and comparison, the following retrieval code is used in the
WOS core collection: TS = (building information model* AND BIM*).
Here, “*” denotes a fuzzy search and “TS” means an article subject. In
this study, only journal articles were selected for analysis, while book
reviews, editorials, and conference papers were excluded. This is
because journal articles usually provide more comprehensive and
higher-quality information than other types of publications, and most
reviews in the area of construction management have only covered
journal articles [19–21]. Additionally, the research areas obviously
irrelevant to BIM (e.g., biology, medicine, agriculture, etc.) were
excluded as well. Finally, a total of 614 bibliographic records were
collected in early January 2017. The first journal article on BIM [22]
was published in 2005. Thus, the time span of these records was
2005–2016. Fig. 1 shows the distribution of the 614 bibliographic
records in 2005–2016. The total number of records significantly
increased in 2012–2015, but dropped slightly in 2016.

The software package CiteSpace can visualize and analyze literature
of a scientific knowledge domain, which is broadly defined to capture
the notion of a logically and cohesively organized body of knowledge
[23]. Domain analysis has been recognized as an advantageous
scientometric approach to discovering the implications hidden in a
vast amount of information and tracing development frontiers [18,24].
CiteSpace is strong in mapping knowledge domains through system-
atically creating various accessible graphs [23]. Therefore, CiteSpace
5.0 was used to analyze the literature of BIM.

Three types of bibliometric techniques were applied in this study: (i)
co-author analysis that seeks author co-occurrences, country co-occur-
rences, and institution co-occurrences; (ii) co-word analysis that
processes keywords or terms to analyze word co-occurrences; and (iii)
co-citation analysis that identifies co-cited authors, co-cited articles,
and co-cited journals. These techniques have been recommended by
previous studies of a similar nature [18,25]. In addition, cluster analysis
was performed based on the co-citation analysis results, and citation
bursts showing a surge of citations of publications were detected. In
CiteSpace, the burst detection is based on the algorithm developed by
Kleinberg [26].

3. Results and discussions

3.1. Co-author analysis

The information of the article authors is available from the
bibliographic records, which enables the identification of the leading
researchers, institutions and countries for BIM research. Thus, a co-
authorship network and a network of co-authors' institutions and
countries/regions were generated.

3.1.1. Co-authorship network
According to the number of journal publications, the top 10 most

productive authors were identified. As shown in Table 1, Rafael Sacks
(Technion-Israel Institute of Technology), Xiangyu Wang (Curtin Uni-
versity) and Charles M. Eastman (Georgia Institute of Technology)
occupied the top three positions.

A co-authorship network is shown in Fig. 2, where each node
represents an author and the links between the authors denote the
collaboration established through the co-authorship in the articles. The
network pruning was used to remove excessive links through Pathfin-
der, which is recommended by Chen and Morris [27]. Finally, there
were 146 nodes and 173 links in the co-authorship network. The node
size represents the number of publications, and the thickness of the
links indicates the levels of the cooperative relationships in a given
year. The colors of links, e.g., blue, green, yellow, orange and red,
correspond to different years from 2005 to 2016, as shown in Fig. 3.

In terms of the collaboration, there are several closed-loop circuits
in Fig. 2, indicating that the researchers in these circuits have
established strong collaboration, such as the circuit of Rafael Sacks,
Charles M. Eastman, and Yeon-Suk Jeong. In addition, several research
communities were identified, where many authors worked with one or
two highly productive author. For example, Xiangyu Wang and Jun
Wang were the two central authors of a research community, including
Martijn Truijens, Yi Jiao, Shih-Chung Kang, etc.; and Inhan Kim was the
central author of a research community, consisting of Zhenhua Shen,
Karam Kim, Jungho Yu, etc. In graph theory, Freeman's betweenness
centrality is defined as the ratio of the shortest path between two nodes
to the sum of all such shortest paths [28]. A node with a high
betweenness centrality usually connects two or more large groups of
nodes with the node itself in-between, and can be detected by a purple
ring in CiteSpace. With such nodes, clusters in a network can be
separated [29] and revolutionary scientific publications can be identi-
fied [30]. In Fig. 2, Charles M. Eastman (centrality = 0.13), Jun Wang
(centrality = 0.11), Jochen Teizer (centrality = 0.11) and Yong-Cheol
Lee (centrality = 0.1) are nodes with purple rings, and they connect
different groups of authors.
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Fig. 1. The number of articles on BIM in the WOS core collection in 2005–2016.

Table 1
The top 10 most productive authors.

Author Institution Country Count Percentage

Rafael Sacks Technion - Israel Institute
of Technology

Israel 20 3.3%

Xiangyu Wang Curtin University Australia 16 2.6%
Charles M.
Eastman

Georgia Institute of
Technology

USA 14 2.3%

Ghang Lee Yonsei University South Korea 11 1.8%
Burcu Akinci Carnegie Mellon

University
USA 10 1.6%

Raja R A Issa University of Florida USA 10 1.6%
Hyoungkwan
Kim

Yonsei University South Korea 10 1.6%

Jochen Teizer RAPIDS Construction
Safety and Technology
Laboratory

Germany 10 1.6%

Jun Wang Curtin University Australia 10 1.6%
Peter E D Love Curtin University Australia 9 1.5%
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3.1.2. Network of countries/regions and institutions
A network was produced based on the contributions of institutions

and countries/regions to explore the distribution of articles on BIM.
This research power network includes 135 nodes and 377 links. The
node size denotes the total number of articles published in 2005–2016.
As shown in Fig. 4, the USA (196 articles), South Korea (95 articles),
China (71 articles), Australia (63 articles) and England (54 articles) has
made major contributions to the articles on BIM. The large number of
journal publications in these countries/regions implied that BIM
research had been advanced in these countries. It was not surprising
that the USA had made the greatest contribution to BIM because this
technology originated from the USA and many American companies
have developed commercial BIM software packages. In addition,
regarding international collaborations, researchers from the USA have
widely collaborated with those from other countries, such as Canada,
Australia, South Korea, Spain, Turkey, and Germany.

The contributions of institutions were also identified. The BIM
research progress has been very active at institutions, such as Georgia
Institute of Technology (36 articles), Curtin University (26 articles),
Kyung Hee University (23 articles), Technion-Israel Institute of
Technology (20 articles), and Hanyang University (16 articles). These
institutions can be seen as the publication centers for BIM research
around the world.

Additionally, the nodes with high betweenness centrality were

identified and highlighted by purple rings in Fig. 4. Countries/regions
such as South Korea (centrality = 0.75), China (centrality = 0.51), the
USA (centrality = 0.45), England (centrality = 0.43), and Canada
(centrality = 0.26) and institutions such as Georgia Institute of Tech-
nology (centrality = 1.03), Curtin University (centrality = 0.75), Ha-
nyang University (centrality = 0.67), Kyung Hee University (central-
ity = 0.63), and Chung Ang University (centrality = 0.61) have occu-
pied key positions in the network and connected research activities
between different countries/regions.

Furthermore, citation bursts representing notable increases in
citation over a short period were found in countries/regions such as
the USA (burst strength = 5.42, 2005–2012), England (burst
strength = 3.34, 2007–2011), Israel (burst strength = 5.55,
2009–2010), and Portugal (burst strength = 3.40, 2010–2013), and
at institutions such as Georgia Institute of Technology (burst
strength = 4.10, 2005–2010), Technion-Israel Institute of Technology
(burst strength = 5.71, 2009–2010), and University of Salford (burst
strength = 3.10, 2010–2011). These suggested that the articles from
these countries and institutions attracted an extraordinary degree of
attention in the corresponding years. It is also worth attention that
there have been no citation bursts in the past three years (2013–2016),
which is consistent with the fact that BIM research has attracted world-
wide attention in the recent years. Thus, a single country/region or
institution may find it difficult to receive high citations over a short

Fig. 2. Co-authorship network.

Fig. 3. Link colors corresponding to years 2005–2016.
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period.

3.2. Co-word analysis

In the recent years, there have been various topics and themes in
BIM research. Co-word analysis can help estimate trends and frontiers
of BIM research.

3.2.1. Network of co-occurring subject categories
In the WOS core collection database, each journal publication was

assigned with one or more subject categories according to the corre-
sponding journal. A network of the co-occurring subject categories in
BIM research, including 38 nodes and 112 links, was produced to
analyze the emerging trends, as shown in Fig. 5. The node size denotes
the number of articles within each category. Engineering (463 articles),
civil engineering (368 articles), construction & building technology
(257 articles), computer science (123 articles) and multidisciplinary
engineering (70 articles) were found to have the most abundant
publication records.

It is worth reiteration that the colors of links, e.g., blue, green,
yellow, orange and red, correspond to different years from 2005 to
2016 (see Fig. 2). In the past four years, there have been an increasing
number of articles in the subject categories of environmental engineer-
ing, environmental sciences & ecology, business & economics, manage-
ment, green & sustainable science & technology, robotics, etc. This
suggested that the potential of BIM in energy and environmental
analysis, sustainable design, and life cycle assessment (LCA) had been

recognized and attracted great attention from academia [31–33]. The
building and construction industry has greatly contributed to the global
climate change [34,35], and thus experienced a shift towards green
buildings and sustainable construction [36,37]. In addition, BIM
technologies have been adopted to address management issues. For
example, Lin [38] attempted to enhance interface management by
using three-dimensional interface maps integrated into BIM; and Wetzel
and Thabet [39] developed a BIM-based framework to support safe
maintenance and repair practices during the facility management
phase. Furthermore, robotics with 3D cameras have been used to
facilitate the generation of as-built building information models [40].

Several nodes received high betweenness centrality, as indicated by
purple rings, such as the categories of construction & building technol-
ogy (centrality = 0.69), thermodynamics (centrality = 0.53), energy &
fuels (centrality = 0.48), green & sustainable science & technology
(centrality = 0.46), computer science (centrality = 0.46), multidisci-
plinary engineering (centrality = 0.39), and environmental sciences
(centrality = 0.25). They represented the turning points connecting the
research in different phases and significantly influenced the develop-
ment of BIM research. In addition, citation bursts were found in two
subject categories: architecture (burst strength = 4.42, 2009–2012)
and computer science-software engineering (burst strength = 2.57,
2011–2012), suggesting that the publications in these two categories
were the most active areas in the development of BIM research.

3.2.2. Network of co-occurring keywords
Keywords present the core contents of articles and show the

Fig. 4. Network of countries/regions and institutions.
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Fig. 5. Network of co-occurring WOS subject categories.

Fig. 6. Network of co-occurring keywords.
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development of research topics over time. In the WOS database, there
are two types of keywords: (i) “author keywords”, which are supplied
by authors, and (ii) “keywords plus”, which are identified by the
journals. Both types of keywords from the 614 bibliographic records
were used to construct a network of co-occurring keywords. Citespace
allows users to merge the nodes that are in fact the variants of the same
entity. Thus, similar keywords, such as “building information model-
ling”, “building information modeling” and “BIM”, were merged into
“building information modeling (BIM)”. Fig. 6 shows the network of co-
occurring keywords, with 278 nodes and 770 links

The node size represents the frequency with which a keyword
occurred in the dataset. The top 10 high-frequency keywords were
“building information modeling (BIM)” (frequency = 329), “system”
(frequency = 95), “model” (frequency = 86), “design” (fre-
quency = 84), “management” (frequency = 69), “simulation” (fre-
quency = 40), “project” (frequency = 36), “industry” (fre-
quency = 34), and “technology” (frequency = 34). In addition, some
keywords received relatively high betweenness centrality scores, such
as “model” (centrality = 0.23), “schedule” (centrality = 0.23), “project
management” (centrality = 0.22), “productivity” (centrality = 0.21),
“architecture” (centrality = 0.18), and “impact” (centrality = 0.18).
They connected different research topics and significantly influenced
the development of BIM research. In addition, six keywords were found
to be citation bursts: “building information modeling (BIM)” (burst
strength = 6.67, 2009–2012), “CAD” (burst strength = 2.65,
2010–2011), “interoperability” (burst strength = 3.03, 2010–2012),
“three-dimensional model” (burst strength = 2.61, 2010–2013), “vi-
sualization” (burst strength = 3.08, 2011–2012), and “industry foun-
dation classes (IFC)” (burst strength = 2.85, 2012–2013), indicating
that these were the hot topics in BIM research in the corresponding
years

3.3. Co-citation analysis

Co-citation can be defined as the frequency with which two
documents are cited together by other documents [41] and has been
recognized as a proximity measure for documents. In this study, co-
citation analysis consists of journal co-citation analysis, author co-
citation analysis and document co-citation analysis.

Cluster analysis was used to detect and analyze the emergence of
and abrupt changes in research trends over time and to identify the
focus of a research trend at a particular time in the context of its
intellectual basis. Clusters were arranged to reveal the significant
intellectual turning points driving research trends and the interconnec-
tions between different research trends.

3.3.1. Journal co-citation network
As shown in Table 2, the top 10 source journals for BIM research

were identified, according to the statistics from the WOS core collection
database. Automation in Construction had published 160 articles
(26.06%) on BIM research and occupied the top position, followed by
Advanced Engineering Informatics (41 articles) and the Journal of
Computing in Civil Engineering (40 articles). Out of the 10 journals,
four journals are published in the USA.

The references cited by the 614 retrieved records were analyzed,
and then a journal co-citation network with 204 nodes and 657 links
was produced to detect the most significant cited journals, as indicated
in Fig. 7. The node size denotes the co-citation frequency of each source
journal. With respect to co-citation frequency, the top five most
influential journals were Automation in Construction (fre-
quency = 451), the Journal of Construction Engineering and Manage-
ment (frequency = 253), the Journal of Computing in Civil Engineering
(frequency = 218), Advanced Engineering Informatics (fre-
quency = 213), and the Journal of Information Technology in Con-
struction (frequency = 97). It is worth noting that these five journals
were also among the top source journals, in which articles on BIM were
published. Thus, the journals with more contributions to BIM research
also attracted more citations.

In Fig. 7, it is obviously that some nodes have high betweenness
centrality and are highlighted by purple rings, such as the Journal of
Computing in Civil Engineering (centrality = 0.66), the International
Journal of Project Management (centrality = 0.52), the Journal of
Construction Engineering and Management (centrality = 0.50), MIS
Quarterly (centrality = 0.49), and Automation in Construction (cen-
trality = 0.47). These journals represented major intellectual turning
points and linked journals in different phases. Additionally, citation
bursts were found at Automation in Construction (burst
strength = 14.60, 2007–2012), the Journal of Computing in Civil
Engineering (burst strength = 7.08, 2009–2012), the Journal of In-
formation Technology in Construction (burst strength = 6.41,
2010–2012), the Journal of Construction Engineering and Management
(burst strength = 6.04, 2009–2012), Computer Aided Design (burst
strength = 5.76, 2005–2013), and Advanced Engineering Informatics
(burst strength = 5.57, 2011–2012). These findings implied that the
articles published in these journals received strong citations over a
short period and were therefore worth following.

3.3.2. Author co-citation network
Author co-citation analysis can identify the relationships among

authors, whose publications are cited in the same articles and analyze
the evolution of research communities. Fig. 8 presents the author co-
citation network, containing 284 nodes and 980 links. The node size
reflects the number of co-citations of each author, and the links
between authors represent indirect cooperative relationships estab-
lished based on co-citation frequency. Thus, the most highly cited
authors were identified, including Charles M. Eastman (fre-
quency = 325, USA), Salman Azhar (frequency = 89, USA), Rafael
Sacks (frequency = 88, Israel), Burcin Becerik-Gerber (frequency = 72,
USA), Bilal Succar (frequency = 58, Australia), Ghang Lee (fre-
quency = 56, South Korea), Timo Hartmann (frequency = 47, Ger-
many), Ning Gu (frequency = 43, Australia), Yusuf Arayici (fre-
quency = 38, Turkey), Heng Li (frequency = 36, Hong Kong), and
Umit Isikdag (frequency = 36, Turkey). The diversity in the location of
these most highly cited authors demonstrated that BIM research had
been widely performed around the world.

Authors with high betweenness centrality can be identified by the
nodes with purple rings. Based on the betweenness centrality metric,
Jennifer Whyte (centrality = 0.53), Richard Davies (centrality = 0.52),
Changfeng Fu (centrality = 0.49), Kristen Barlish (centrality = 0.38),
Bilal Succar (centrality = 0.34), and Jürgen Melzner (central-
ity = 0.30) occupied the top six positions, and they were major
intellectual drivers of BIM research and connected research in different

Table 2
The top 10 source journals for BIM research in 2005–2016.

Source journal Host country Count Percentage

Automation in Construction Netherlands 160 26.06%
Advanced Engineering Informatics UK 41 6.68%
Journal of Computing in Civil Engineering USA 40 6.51%
Journal of Construction Engineering and
Management

USA 31 5.05%

Journal of Information Technology in
Construction

Sweden 27 4.40%

Journal of Management in Engineering USA 17 2.77%
Journal of Civil Engineering and
Management

Lithuania 12 1.95%

Energy and Buildings Netherlands 11 1.79%
Journal of Asian Architecture and Building
Engineering

Japan 11 1.79%

Journal of Professional Issues in Engineering
Education and Practice

USA 11 1.79%
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research communities. A highly cited author does not necessarily
receive a high betweenness centrality. However, when an author
simultaneously receives a high citation count and a high betweenness
centrality, this author is very likely to have a fundamental influence on
the development and evolution of BIM research.

Furthermore, several authors had citation bursts, with rapid in-
creases in citation frequency over short periods, including Charles M.
Eastman (burst strength = 15.34, 2005–2012), Rafael Sacks (burst
strength = 10.49, 2007–2012), Lachmi Khemlani (burst
strength = 8.60, 2011–2013), Rob Howard (burst strength = 6.10,
2011–2014), Bilal Succar (burst strength = 4.87, 2012–2013),
Godfried Augenbroe (burst strength = 3.20, 2012–2014), Ghang Lee
(burst strength = 3.67, 2012–2013), Carrie S. Dossick (burst
strength = 3.28, 2013–2014), Tomo Cerovsek (burst strength = 3.12,
2013–2014), John E. Taylor (burst strength = 2.98, 2013–2014), and
Timo Hartmann (burst strength = 2.81, 2011–2014). They tended to
affect the direction of BIM research and their articles were worth
following. Although Bilal Succar was not among the most productive
authors, he received a high co-citation frequency, high betweenness
centrality and was among the citation bursts. According to the WOS
database, his article [3] had received a total of 141 citations till the end
of 2016.

3.3.3. Document co-citation network
Document co-citation analysis can analyze the underlying intellec-

tual structures of a knowledge domain and demonstrate the quantity
and authority of references cited by publications. In this process, co-

citation clusters were identified. According to the WOS citation metric,
the top 25 cited documents are summarized in Table 3. According to the
WOS citation metric, Succar [3], Howard and Björk [42] and Gu and
London [43] received 141, 88 and 84 citations, respectively, and
occupied the top three positions. Succar [3] developed a BIM frame-
work with defined knowledge components, setting a research and
delivery foundation for industry stakeholders. Howard and Björk [42]
collected a series of experts' views on BIM standards and proposed a
framework that can help identify where particular BIM standards and
solutions should be adopted in building projects. Gu and London [43]
investigated the readiness of the industry with respect to the product,
processes and people, to implement BIM, and highlighted the con-
sideration into both technical and non-technical issues.

A network of document co-citations and co-citation clusters, which
contains 147 nodes and 441 links, is presented in Fig. 9. Each node
represents a document and is labeled with the first author's name and
the publication year. Each link denotes the co-citation relationship
between the two corresponding documents. The node size represents
the co-citation frequency of the node document. It should be noted that
the node documents were among the 16,129 documents cited in the 614
retrieved records, and were not necessarily included in the 614
retrieved articles. Eastman et al. [31] and Eastman et al. [44] received
107 and 77 co-citations, respectively, and thus occupied the top two
positions, followed by Succar [3] (frequency = 53), Azhar [2] (fre-
quency = 41), and Gu and London [43] (frequency = 36).

Documents with high betweenness centralities, as indicated by
purple rings in Fig. 9, are also worth attention. The representative

Fig. 7. Journal co-citation network.
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Fig. 8. Author co-citation network.

Table 3
The top 25 cited articles and an article with high betweenness centrality.

No. Total citations Cluster ID Betweenness centrality Article No. Total citations Cluster ID Betweenness centrality Article

1 141 #0 0.23 Succar [3] 14 47 #2 0.06 Goedert and Meadati
[59]

2 88 #0 0 Howard and Björk [42] 15 45 #2 0.13 Dossick and Neff [60]
3 84 #0 0.28 Gu and London [43] 16 40 NA NA Geyer [61]
4 74 #9 0 Zhang et al. [62] 17 40 #0 0 Becerik-Gerber et al.

[63]
5 73 NA NA Lee et al. [64] 18 40 #5 0.12 Taylor and Bernstein

[65]
6 71 #3 0.3 Xiong et al. [57] 19 39 #3 0.01 Brilakis et al. [66]
7 70 #2 0 Singh et al. [55] 20 39 #1 0 Zhang and Hu [67]
8 58 #0 0.03 Azhar et al. [36] 21 38 #5 0.01 Hartmann et al. [68]
9 58 #7 0.05 Grilo and Jardim-Goncalves

[69]
22a 37 #6 0.37 Irizarry et al. [47]

10a 57 #5 0.43 Jung and Joo [46] 23a 36 #6 0.31 Sacks et al. [49]
11 56 #0 0.09 Bryde et al. [5] 24 36 #4 0.12 Jeong et al. [70]
12 54 #5 0.05 Barlish and Sullivan [71] 25a 36 #7 0.33 Sacks et al. [48]
13 52 NA NA Basbagill et al. [72] a 31 #6 0.67 Park et al. [45]

NA = not applicable.
a Represents an article with high betweenness centrality.
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documents were: Park et al. [45] (centrality = 0.67), Jung and Joo
[46] (centrality = 0.43), Irizarry et al. [47] (centrality = 0.37), Sacks
et al. [48] (centrality = 0.33), Sacks et al. [49] (centrality = 0.31), and
Anil et al. [50] (centrality = 0.31). They can be seen as the major
intellectual turning points in BIM research, and most of them were
included in the top 25 highly cited articles, as shown in Table 3. In
addition, strong citation bursts were found at the five documents:
Eastman et al. [44] (burst strength = 17.76, 2005–2013), Sacks et al.
[51] (burst strength = 4.10, 2005–2010), Howard and Björk [42]
(burst strength = 6.38, 2011–2014), Succar [3] (burst strength = 6.35,
2012–2013), and Cerovsek [13] (burst strength = 2.57, 2013–2014).
These findings suggested that the citations of these documents in-
creased significantly over a short period in the corresponding years.
Both Cerovsek [13] and Howard and Björk [42] focused on the
standards for data exchange and proposed frameworks to enhance
BIM adoption, indicating that data exchange standardization was still a
recent trend of BIM research.

A total of 10 significant co-citation clusters were identified based on
the keywords of the documents cited in each cluster, by the log-
likelihood ratio (LLR) algorithm. This is because the LLR method can
select the best cluster labels in terms of uniqueness and coverage [52].
In Table 4, alternative labels with the second and third highest LLR
scores are also shown, and clusters are sorted by size, i.e. the number of
members. Thus, cluster #0 “innovation”, with 21 members, was the
largest one, while cluster #10 “4D CAD” was the smallest one, with
only three members. In cluster #0, several yellow, orange and red links
appeared, suggesting that these relationships were formed in 2014,

2015, and 2016, respectively. The top 25 highly cited articles were
representative of clusters #0 to #9, but no article was within cluster
#10. In addition, three articles in the top 25 list did not represent any
co-citation clusters.

The silhouette metric measures the average homogeneity of a
cluster [53]. For the clusters of similar sizes, a higher the silhouette
score represents more consistency of the cluster members [52]. The
silhouette scores of the clusters ranged from 0.731 to 1.000, suggesting
that the members of each cluster were consistent enough. The average
year of publication, i.e., mean year, of a cluster implies whether it is
formed by recent documents or old documents. Thus, cluster #10 is
formed by older documents than other clusters. In addition, the
representative document of each cluster was the document with most
co-citation frequency within a cluster. These representative documents
influence the label of clusters and are worth attention.

Cluster #0 “innovation” has 21 members, and the representative
document was published by Succar [3], who developed an innovative
BIM framework for industry stakeholders. Cluster #1 had 16 members
and was labeled with “mobile computing”. The representative docu-
ment was published by Redmond et al. [54], who attempted to employ
cloud computing as an integration platform for improving the BIM
usability experience for various disciplines in making key design
decisions at a relatively early design stage. Cluster #2 had 15 members
and was labeled with “return on investment”. The representative
document was published by Singh et al. [55], who proposed a frame-
work of a BIM-based multi-disciplinary collaboration platform and
found that cost savings may result from using a decision support system

Fig. 9. Document co-citation network.
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that may facilitate identification of various dependencies within the
processes and between people and activities. In addition, clusters #3,
#4 and #5 also had 15 members. Cluster #3 was labeled with “laser
scan”. There are two representative documents, with a co-citation
frequency of 12. Bosché [56] presented a new approach for automated
recognition of project 3D CAD model objects in large laser scans. Xiong
et al. [57] developed a new algorithm capable of modeling the main
visible structural components of an indoor environment and automa-
tically creating 3D building models from the data of laser scanners.
Cluster #4 was labeled with “BIM tool”. Its representative document
was published by Eastman et al. [58], who examined five major rule
checking systems for assessing building designs and identified the major
issues of these systems. Cluster #5 was labeled with “three-dimensional
model”. The representative document was the BIM handbook published
by Eastman et al. [44], which provided a full picture of BIM
implementation for owners, managers, designers, engineers, and con-
tractors.

4. Conclusions

BIM has transformed the AEC industry and attracted increasing
attention from researchers and practitioners. This study provides a
scientometric review to explore the status and trends of global BIM
research. A total of 614 bibliographic records were collected from the
WOS core collection database. Co-author analysis, co-word analysis and
co-citation analysis were used to identify and visualize the status and
trends of BIM research.

As for the contributions and influence of the lead researchers
identified in the co-authorship and author co-citation analysis, Rafael
Sacks, Xiangyu Wang and Charles M. Eastman were the top three most
productive authors in the field, and Charles M. Eastman, Salman Azhar,
Rafael Sacks obtained the top three most co-citations. Additionally,
when comparing the most productive authors with the most influential
authors, it was found that not all highly productive researchers have
received the same high level of influence on BIM research. Some
researchers (e.g., Rafael Sacks) without many publications can still
receive a great number of co-citations and citation bursts. With respect
to the distribution of journal articles on BIM, most of them originated
from the USA, South Korea and China. In addition, Georgia Institute of
Technology, Curtin University, and Kyung Hee University were the
most productive institutions in the field of BIM. These countries and
institutions also connected research activities between different coun-
tries and institutions.

Regarding the subject categories of BIM research, engineering, civil
engineering and construction & building technology had the most
publication records. However, environmental engineering, environ-
mental sciences & ecology, business & economics, management, green &
sustainable science & technology, and robotics were the emerging
categories of focus in the recent years. In terms of the keywords,
“construction”, “system” and “model” had the most frequency, while

“visualization” and “industry foundation classes (IFC)” received the
citation bursts in more recent years.

Several core journals have published most significant findings in
BIM research, such as Automation in Construction, Advanced
Engineering Informatics, the Journal of Computing in Civil
Engineering, the Journal of Construction Engineering and
Management, and the Journal of Information Technology in
Construction. These journals also received high co-citation frequency
and citation bursts in the past decade, indicating they had strong and
continuous influence on BIM research. The majority of the top 25 highly
cited articles were published in these journals, and Succar [3] received
the most citations, according to the WOS citation metric.

According to the document co-citation analysis results, the two BIM
handbooks published by Eastman et al. [31] and Eastman et al. [44]
received the most co-citations. In the past five years, Eastman et al.
[44], Howard and Björk [42], Succar [3] and Cerovsek [13] had
citation bursts, and BIM data standardization was a recent research
trend. Additionally, 10 co-citation clusters were identified based on the
keywords associated with the analyzed documents. Thus, some hot
topics related to BIM research can be summarized: mobile and cloud
computing, laser scan, augmented reality, ontology, safety rule and
code checking, semantic web technology, and automated generation.

This study provides valuable information for both researchers and
practitioners in the field of BIM research. The key scholars and institutions,
the state of the research field, and hot topics on BIM research were
identified for researchers. In addition, this study will allow practitioners to
obtain the key findings to enhance their BIM implementation and develop
better BIM products. The scientometric review method can also be used to
visualize the research trend in other topics.
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