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Transit-oriented development (TOD) which is regarded as one of the most
successful planning methods for urban and transport sustainability, has
garnered much attention from academics and planners. Despite the growing
interest in TOD research, there has not been a comprehensive review of the
knowledge structure, research hotspots and emerging trends about TOD
research. This study aims to address the research gap by providing a
bibliometric overview and visualization of the TOD research. Based on the
bibliometric analysis methods, this study uses data collected from Web of
Science (WOS) and uses CiteSpace software for visualizing and analyzing
international research progress and trends in the TOD field. The results
showed that publications on TOD research increased significantly, and most
of the articles were published by the United States and China. Universities were
the mainstays of the TOD research institutions, and the most productive authors
were Dr. Ewing, Dr. Cervero, and Dr. Bertolini. The co-citation network analysis
showed that the influential articles were published by Kamruzzaman, Vale, and
Papa, and six main research area could be detected. The keyword co-
occurrence network analysis displayed three stages for the evolution of TOD
research, and popular topics in different stages were revealed. Three Frontier
hotspots were identified by the keywords burst analysis, namely oriented
development, pattern, and typology.

KEYWORDS

transit oriented development, research progress, citespace, bibliometric analysis,
literature review

1 Introduction

Rapid urbanization and population growth worldwide have led to many urban
problems, such as air pollution, traffic congestion and suburban sprawl (Pezeshknejad
et al,, 2020; Dou et al,, 2021). TOD is an effective sustainable planning strategy that
provides comprehensive solutions to the aforementioned car-based problems (Li et al.,
2019). By clustering urban developments around transit stations, TOD creates dense,
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mixed-use, and pedestrian-friendly neighborhoods (Cervero and
Landis, 1997). The common goal of TOD is to achieve the
integration of land use and transportation (Li et al., 2019).

Peter Calthorpe (1993), an American urban planner, first
proposed the concept of TOD and defined it as “mixed-use
communities within 10 min walking distance along the regional
transit systems”. Since then, TOD planning has begun to surge
worldwide (Singh et al., 2017; Su et al., 2021). There also have
been an increase in journal articles in the TOD field since TOD
projects have proliferated around the world. To date, some
scholars have offered reviews of TOD research. Ibraeva et al.
(2020) reviewed the achievements and challenges in the TOD
field, such as the TOD concept, TOD effect and TOD planning.
The research published by Knowles et al. (2020) traced the past,
current, and future development of TOD. However, they adopt
the traditional literature review method and emphasize the
development venation of TOD. It is difficult to grasp the
research progress and the Frontier dynamics of TOD in more
detail. Thus, it is essential to provide a synthetic and systematic
review of the literature on the TOD field.

Recently, the use of bibliometric analysis methods to quantify
specific research fields or journals has become more common
(Feng et al., 2022). Compared with traditional literature review
methods, the bibliometric analysis method is an effective way to
identify spatio-temporal distribution, knowledge structure, and
evolution law of literature (Yu et al., 2020; Kou et al., 2021). For
bibliometric analysis methods, CiteSpace software provides a
visual citation analysis tool, which can help effectively describe
the knowledge structure, research hotspots and emerging trends
of various literature in a research field (Feng et al., 2022). Using
the bibliometric analysis methods, our previous works revealed
some statistical trends of TOD, but the meaning of the trends was
missing (Tao et al., 2021). This study makes an effort to fill this
gap and provides a comprehensive foundation and deep
understanding of the evolution of TOD research. Based on the
data extracted from WOS and CiteSpace software, trends and
hotspots in the TOD field are visualized and analyzed. The
primary objectives of this research are to 1) summarize the
pattern of TOD publications, 2) identify the significant
contributors to TOD research, and 3) discover trending
research topics.

2 Data sources and methods
2.1 Data sources

The scientific publications for this bibliometrics analysis were
extracted from the WOS database. As a commonly accepted
database, the WOS necessary
bibliometrics analysis. To ensure high data quality, three

includes information for

classic index types in the WOS were selected, including SCIE,
SSCI, and A&HCI. The search formula was: Topic search =
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Transit Oriented Development. The publication language was set
to “English”. Only the “Article” document type was selected,
while excluding book reviews, meetings, editorials, and books
which are not the focus in this study. The search was conducted
on 20 January 2021, and 702 documents were initially obtained.
Following the manual review of titles and abstracts, we removed
the irrelevant and duplicate documents so that the selected
literature reflected its typicality and relevance. Finally, a total
of 630 articles with a time span of 1996-2020 are retained as the
basic data for analysis.

2.2 Analytical methods

Bibliometric analysis is a robust measurement method for
quantitative statistical analysis of scientific productions (Du et al.,
2021). Compared with traditional literature review methods, the
bibliometric analysis method has more advantages in better
understanding the evolution of research, such as large
capacity, —multi-dimensional analysis, visualization and
objectivity (Feng et al., 2022). A variety of software tools have
been available for bibliometric analysis, such as SC(iMAT (Yu and
Hong, 2022), BibExcel (Persson et al., 2009), VOSviewer (Eck
and Waltman, 2010) and CiteSpace (Chen, 2006). Based on a
comparison of these procedures, we revealed that they performed
similar functions, such as co-citation and co-occurrence. But
CiteSpace can draw timeline graphs and citation burst maps
which would make it more effective to demonstrate the dynamics
of a research field. Therefore, we chose CiteSpace software to
systematically perform the bibliometric analysis of the selected
documents and drew visual maps. CiteSpace software, developed
by Dr. Chaomei Chen, has been widely used in bibliometric
analysis (Chen, 2006). There are four sets of analyses in this
study. First, the publication trend of the TOD research was
the

cooperation network analysis of countries, institutions, and

presented through Dbibliometrics analyses. Second,
authors was performed to determine where the most
contributions came from. Third, the co-citation and cluster
analysis were conducted to identify the most important
citations and develop a knowledge base. Finally, cutting-edge
knowledge and research trends about TOD were identified by the

co-occurrence and burst analysis of keywords.

3 Results
3.1 Publication trend

As shown in Figure 1, the amount of annual publications
related to TOD research shows an obvious upward trend, with
four papers in 1996 rising to 106 papers in 2020. According to the
number of publications, the research trend could be divided into
three stages.
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FIGURE 1
Distribution of articles by publication year from 1996 to 2020.
The first stage lasted about 7 years from 1996 to 2002, with
few articles published on TOD topics. During this period, no
more than four articles published in any of these years, resulting STRALIA'
in a 3.5% share of the total number of publications. Despite the AN
lack of rich research, it was at this phase that the concept of TOD ©A i
was universally accepted, laying the theoretical groundwork for PLES R CHINA
subsequent research (Boarnet and Crane, 1998; Boarnet and @ANADA

Compin, 1999). Density, Diversity, and Design, the 3Ds
identified by Cervero and Landis (1997) were the main
characteristics of a TOD during this period.

In the second stage between 2003 and 2012, the number of
published papers grew steadily and accounted for 16.0% of the
total. The concept of TOD continuously matured in this stage.
The dimensions that characterized TOD expanded from 3Ds
to 5Ds, which included Destination accessibility and Distance
to transit (Ewing and Cervero, 2010). During this stage,
scholars and planners also conducted a series of case
studies of TOD in cities worldwide (Gilat and Sussman,
2003; Shelton and Lo, 2003; Cervero and Day, 2008; Dill,
2008; Cervero and Murakami 2009).

The third stage showed the greatest increase, from 39 articles in
2013 to 106 articles in 2020. The number of papers that published in
this period accounted for 80.5% and had not hit a peak, indicating
that TOD had generally become a Frontier research field and that the
number of articles would continue to increase. Ogra and Ndebele
(2014) proposed the concept of 6Ds, which contained the six
D-Demand management. Knowles and Ferbrache (2016) regarded
high frequency transit services as the seventh feature for successful
TODs. It is important to note that through 2 decades of development,
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FIGURE 2
Network map of country cooperation in the TOD field.

there was a surge in the number of publications in 2013. Especially
the United States, where TOD is mainly implemented, the maximum
annual publications were nine before 2012, but the publications
increased to 20 in 2013. Examples of successful TOD have led more
cities to adopt TOD as a key planning policy and attracted more
scholars to join the TOD research since then.
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FIGURE 3

Network map of institution cooperation in the TOD field.

3.2 Cooperation networks

This section examines the cooperation networks of countries,
institutions, and authors in order to better understand the major
contributors who had a substantial impact in the field of TOD.

3.2.1 Country cooperation network

Based on the CiteSpace software, the country collaboration
network is depicted in Figure 2. The figure only displays
countries with more than 10 articles published on the topic.
The United States (297 articles) and China (147 articles) clearly
are the leading source country of research articles, followed by
Australia (39 articles), Canada (34 articles), South Korea
(29 articles) and Netherlands (29 articles). All these countries
are developed countries, except for China. The United States and
China also had the highest values of centrality, 0.48 and
0.35 respectively, and they cooperated closely. This reveals
that the United States and China were two main research
forces in the TOD field, and their academic research was
closely combined with that of other countries.

The TOD principles were first adopted in US cities, and the first
paper in the field of TOD research was also published by the
United States in 1996 (Cervero 1996). Since then, there has been
no interruption of publications, making it the country with the most
publications. Later on, many European countries adopted TOD as
their key planning approach in urban regeneration, such as
Netherlands, England and Sweden. Then, Cities in Asia Pacific
Region adopted TOD strategy only in the recent decades to
distribute metropolitan growth along mass transit corridors (Kong
and Pojani 2017). The concept of TOD was first introduced into
China after 2000. After several years of silence, the study of TOD has
became popular in China since 2010, and the number of publications
increased sharply, making China the country with the fastest growth
in publications. At present, China is in a stage of rapid growth in rail
transit planning and construction (Li et al, 2020). Many local
governments implement TOD as their primary development
strategy to integrate transport and land use, while urban planners
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and policy makers promote the TOD model within a Chinese
context. Although the number of publications by China
(34 articles) is less than that of the United States (36 articles) in
2020, publications by China may exceed the United States in the near
future according to the current trend.

3.2.2 Institution cooperation network

The TOD publications’ institution cooperation network is
depicted in Figure 3. We set a threshold of 10 publications, and
15 institutions met the threshold. There were numerous TOD
research institutions in the United States, such as the University
of California Berkeley, University of Minnesota, University of
Utah, University of Maryland, and Arizona State University. The
University of California Berkeley come out on top with
27 articles, followed by the University of Minnesota
(21 articles). Many research institutions in China have also
published a large number of articles, such as the University of
Hong Kong (19 articles), Tongji University (15 articles), Peking
University (14 articles), and the Chinese Academy of Sciences
(10 articles). However, the centrality ranking differs from the
ranking of the number of publications. Tongji University (0.21)
and Peking University (0.13) are the top two institutions in terms
of centrality, highlighting the importance of these two Chinese
institutions in TOD research.

3.2.3 Author cooperation network

Figure 4 depicts the TOD publications’” author cooperation
network. Authors who published more than five articles within
this network are shown in the figure. Among these prolific
scholars, R. Ewing (16 articles) ranked first, followed by R.
Cervero (12 articles), L. Bertolini (11 articles), and S. Hamidi
(8 articles), which suggested that these authors were the most
active authors on TOD research. One of the earliest researchers
to pay attention to this field was Dr. Robert Cervero, who
published his first paper in 1996 (Cevero, 1996). Zhang
Pingyu from the Chinese Academy of Sciences, who published
his paper in 2002, was the earliest Chinese researcher in this field
(Zhang et al., 2002). Contrary to the close association shown by
countries cooperative networks, the author cooperative network
is more dispersed, just like a starry sky, and most authors did not
cooperate with each other. Two small cooperative groups have
been formed to study TOD. The first group was an American
cooperative research group including R. Ewing and other three
researchers. The other group was an Australian cooperation
research group that included Kamruzzaman and other
scholars from the Queensland University of Technology as
the core.

3.3 Co-citation analysis

Identifying the articles being cited in the TOD field can be
done with the aid of co-citation analysis. According to the
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FIGURE 4
Network map of author cooperation in the TOD field.
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FIGURE 5
Network map of document co-citation on TOD research.

bibliometric analysis of the data, 2,761 references were cited by
the 630 articles we extracted, among which 21 articles were cited
at least 15 times in the co-citation map (Figure 5). Based on co-
citation analysis, the articles with the most co-citation were
published by Kamruzzaman et al. (2014), Vale (2015), and
Papa and Bertolini (2015), who received 39, 37, and 33 co-
citations, respectively. Kamruzzaman et al. (2014) analyzed and
classified the TODs of the entire Brisbane metropolitan area at
the Census Collection District (CCD) level, which could enhance
their planning, design, and decision-making. Vale (2015) used
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the node-place model to evaluate and categorize station areas in
Lisbon at the local level. Using a 1-km”* grid, Papa and Bertolini
(2015) measured the TOD degree of six metropolitan areas in
Europe, expressing how urban development was concentrated
along rail corridors and stations. TOD evaluation was the
common theme of these papers.

To explore the knowledge evolution process of the TOD field,
this study uses the CiteSpace for the visual timeline analysis of the co-
citation clusters. Six primary groups that reflected the TOD research
knowledge base were detected (Figure 6). “40 TOD evaluation”
formed the most important cluster and contained the most cited
references, with a relatively long duration (2010-2020). The top three
co-cited articles mentioned above are all belong to this cluster, so the
topics about TOD evaluation were widely written. The node-place
model was the most popular method for evaluating and classifying
the performance of TODs, and it serves as the foundation for TOD
typologies in a number of studies, with or without modification
(Kamruzzaman et al., 2014; Papa and Bertolini 2015; Vale 2015; Lyu
et al, 2016; Rodriguez and Kang 2020). Other researchers proposed
different perspectives for TOD typology. Singh et al. (2014), for a
instance, divided TOD into different types relied on the actual and
potential TOD indexes. Using latent class analysis, Higgins and
Kanaroglou (2016) constructed a TOD typology for Toronto.

“#3 transit effect” appeared earliest, with publications relating to
the connection between transportation and travel behavior. Levine
and Frank (2007) developed a stated-preference scale to analyze the
transportation and land-use preference and actual neighborhood
choices. Lund et al. (2006) explored how transit and station area
investments affected transit ridership among those living and
working in rail-based TODs.

Four clusters are formed around 2007, i.e., #1 mode choice,
#2 value capture, #4 geo-spatial analysis, and #5 price effect. For
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FIGURE 6
Timeline view of document clusters on TOD research.
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FIGURE 7
Time zone perspective map of keywords in the TOD field.

cluster #1, scholars focused on the residents, such as residential
dissonance, residential mobility, resident benefits, and new transit-
oriented development residents. Olaru et al. (2011) evaluated how
households considered TOD characteristics in their location
decisions. Kamruzzaman et al. (2013) identified both the short-
term mode choice behavior and the medium-term mode shift
behavior of residential dissonance in TOD vs. non-TOD areas.
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Regarding cluster #2, Li et al. (2013) identified a value capture
framework that tightened the connection between transit funding
and TOD. Cluster #4, geo-spatial analysis, drew a large amount of
interest from 2006 to 2012. Scholars analyzed the impacts of rail
transport policy using geo-spatial data (Botte and Olaru 2012). For
cluster #5, a hedonic price model was proposed to test the effect of
TOD (Bartholomew and Ewing 2011; Duncan 2011).
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Top 4 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 1996 - 2020
growth management 1996 3.35 2005 2013 S —
oriented development 1996 494 2016 2020 [ ——
pattern 1996 3.30 2016 2020 e e e
typology 1996 3.28 2018 2020 f—
FIGURE 8

Top four keywords with the strongest citation bursts on TOD research.

3.4 Popular TOD research topics and
trends

3.4.1 Keywords evolution analysis

Keywords can help to identify popular topics in different
research periods. To clearly show the popular topics in different
years and the connection and evolution among the research
topics in the TOD field, we created a time zone perspective map
of keywords. The keywords were used as the analysis node, and
the diagram with the time zone method was acquired. Figure 7
shows how prevalent keywords vary over time. Similar to the
annual number of publications trend, the theme evolution of
TOD can also be divided into three phases: embryonic,
prosperity, and new era (Tao et al,, 2021).

In the embryonic stage from 1996 to 2002, “land use” was the
most critical keyword, accompanying the emergence and

» o« » «

evolution of TOD. “Density,” “rail transit,” “transportation,”
“policy” and “growth” were the other keywords in TOD initial
research. Although there were few hot keywords at this stage,
they were all critical throughout the whole TOD research.

In the prosperity stage from 2003 to 2012, the research topics
in the TOD field became more diverse. As TOD initiatives spread
across the globe, there have been an unprecedented amount of

»

core keywords since 2003. “Impact,” “built environment,” “travel

» o«

behavior,” “city,” etc. were the keywords with a higher co-
occurrence degree in this period. A lot of studies analyzed the
effect of TOD, such as the effect on travel behavior (Gard, 2007;
Park et al,, 2018), real-estate prices (Duncan, 2011) and urban
form (Ratner and Goetz 2013).

In the new era stage from 2013 to 2020, some new keywords have
emerged, such as “oriented development,”
“light rail transit,” “China” and “gentrification”. Deboosere et al.
(2018) reframed TOD as accessibility-oriented development (AOD)
to improve functional connections between transportation and
neighborhoods. Vale et al. (2018) evaluated the integration of land

use and transport at the local scale, so that TOD can be implemented

station,” “ridership,”

at different levels: city, region and station. Some scholars emphasized
that ridership reflected how people use the transit, and it should be
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studied as a critical indicator to evaluate TOD (Cao et al., 2020; Caset
et al, 2020). While some cities invest in new light rail transit or bus
rapid transit to promote urban regeneration, TOD also links new
transport system and can be based on LRT or BRT (Cao and Porter-
Nelson 2016; Lee and Sener 2017; Pezeshknejad et al., 2020). With the
large number of TOD projects implemented in China, the amount of
articles published by China had surged as mentioned before, and the
case study of TOD with Chinese context had become the focus (Lyu
et al,, 2016; Li et al, 2019).

3.4.2 Keywords burst analysis

Keyword burst describes the significant change in the frequency
of a keyword over a period of time, reflecting the research hotspots
and emerging trends (Shi et al., 2022). With the help of CiteSpace’s
burst feature, this study presents the top four keywords with the
strongest citation burst in TOD research, as shown in Figure 8. The
strength means the intensity of a sudden change, begin means the
start year of the sudden change, and the red part means the duration
of the sudden change. Among the four keywords, “oriented
development” had the highest burst degree, followed by “pattern,”
“growth management” and “typology”. Growth management once
attracted much attention, and the duration of this hotspot was from
2005 to 2013. The emergence of oriented development, pattern and
typology are in the new era stage, and they are not over yet. They
would be the major frontiers of TOD research. Oriented
degree of TOD supporting
characteristics, and suggested the improvement to better TOD
(Singh et al, 2017). Pattern examined how neighborhood
characteristics influenced people’s propensity to travel by transit

development measured the

(Cao, 2015). Typology aimed to categorize TOD based on
numerous station and surrounding region properties (Ibraeva
et al., 2020).

4 Discussion and conclusion

TOD, which is regarded as one of the most successful planning
methods toward urban and transport sustainability, has garnered
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much attention from academics and planners. Accordingly,
numerous studies have been conducted in the TOD field over the
past few decades. However, there has not been a comprehensive
review of the knowledge structure, research hotspots and emerging
trends on TOD research. Compared with traditional literature review
methods, the bibliometric analysis method has more advantages in
better understanding the evolution of research. Therefore, this study
analyzed the publications from the beginning of the TOD research to
the present with the assistance of the CiteSpace software, displaying
the leading research countries, institutions and authors, theme
evolution and research frontiers. 630 publications retrieved from
the WOS database with a time span of 1996-2020 were used for
bibliometric analysis.

In terms of the distribution of articles by publication year, there
has been an obvious upward trend, with four papers published in
1996 and 106 articles published in 2020, especially in the past decade.
With the emergence of TOD projects worldwide, discussion on
implementation of TOD strategy has attracted much attention, and
the number of publications has surged since 2013. Especially in the
United States, where TOD strategy is mainly implemented, the
number of publications doubled to 20 in 2013.

In terms of cooperation network analysis, the major resources
for the TOD research were from the United States and China. The
TOD principles were first adopted in US cities to re-centering
urban development around transit stations (Cervero and Landis,
1997). The concept of TOD has received increased attention and
investigation in the United States. Later on, to redevelop the
existing station area, many European countries adopted TOD
as their key planning approach (Bertolini and Spit 1998). Asia
Pacific Region adopted TOD strategy in the recent decades to
distribute metropolitan growth along mass transit corridors (Kong
and Pojani 2017). At present, the amount of publications by China
is less than that of the United States. However, considering the
exponential increase in publications, China may surpass the
United States in the near future. University of California
Berkeley, University of Minnesota, University of Hong Kong,
University of Utah and University of Maryland have published
more articles and are the top five contributing institutions in the
TOD field. Among the TOD research institutions, universities are
the mainstays. Most of the research institutions are universities,
except the Chinese Academy of Sciences. At the level of authors,
Dr. Ewing, Dr. Cervero, and Dr. Bertolini are the most prolific
authors (Tao et al,, 2021). Two typical research teams have been
established, while Ewing and Kamruzzaman are the core members
of the two teams respectively.

In term of research topics and trends, this study carried out co-
citation analysis and keyword co-occurrence analysis. The results of
the co-occurrence analysis on TOD research showed that the most
co-cited documents were those published by Kamruzzaman et al.
(2014), Vale (2015), and Papa and Bertolini (2015), and TOD
evaluation was the common theme of these articles. The co-
citation cluster analysis revealed that “TOD evaluation,” “mode
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transit effect,

“price effect” were the main research area. The keyword co-

choice,” “value capture, geo-spatial analysis,” and
occurrence displayed the popular topics in different years and the
connection and evolution among the research topics. Through a time
zone perspective map of keywords, we identified three stages for the
evolution of TOD research: the embryonic stage from 1996 to 2002,
the prosperity stage from 2003 to 2012, then followed by the new era
stage from 2013 to 2020. Scholars have laid the theoretical foundation
for subsequent research at the embryonic stage. At the prosperity
stage, the concept of TOD was continuously mature and the research
topics became more diverse. At the new era stage, some new
keywords have emerged. The keywords burst analysis revealed
four keywords with the strongest citation burst. “oriented

>» o«

development’,” “pattern,” and “typology” would be the major
frontiers of TOD research.

Nevertheless, this study has several more weaknesses. Firstly, all
the publications were only derived from WOS, and only publications
written in English were considered. This may lead to the mission of
some valuable publications and affect the research results. Secondly,
we did not draw the most significant path among the citation
network, which can be optimized by main path analysis (Yu and

Sheng 2020; Yu and Pan 2021) in the future.
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