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Abstract: In order to draw and analyze the current status of the research on the relationship between
international urban street space (public space, public open space) and residents” health, we explore
the hotspots and frontiers of this research field and the overall evolution path from 1999 to 2019.
This study uses 4552 related research articles included in the core database of Web of Science as
the basis for data analysis, and uses the advantages of VOSviewer and CiteSpace’s bibliometric
visualization software to study countries, institutions, literature keywords, and literature co-citation
networks, combined with the Alluvial Generator analysis of landmark literature. In this research
area, the research content is constantly enriching, including urban street networks, health systems,
green spaces, road traffic, thermal comfort, and vulnerable people. The research methods are also
constantly enriching. By analyzing and sorting out the current research status, research hotspots
and possible future trends in this field of research, the paper hopes to provide more reference for
research implementation.

Keywords: urban street space; residents” health; knowledge map; quantitative analysis

1. Introduction

In the middle and late 18th century to the middle and late 19th century, the industrial revolution
brought about social changes and prompted changes in urban space. Taking the United States as an
example, the urbanization rate increased from 20% to 40% from 1860 to 1900 [1]. Edwin Chadwick
(1800-1890) once pointed out that the problem of urban space conditions, such as “crowded living
space, swollen living space, open sink and toilets, unclean domestic water” and other diseases lead
to diseases [2]. The improvement of urban life and production efficiency, and the subsequent urban
problems have also emerged one after another. The surge in urban population, the increase in urban
pollution (waste, sewage, etc.), and the spread of infectious diseases in cities have brought pressure on
urban public health. In the late 1960s, smallpox, cholera and other epidemic outbreaks brought threats
to the health of urban residents. However, the important public space components of the city, such
as streets, green spaces, and squares, could not effectively resolve these contradictions, but became
nourishing. One of the places where germs and epidemic diseases spread, has caused the public to be
strongly dissatisfied with the public health prevention and quarantine mechanism, and issued a call for
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health reform [3]. Based on progressive public health experts represented by George Wehring, it argues
that the dirty environment of public places is not only a breeding ground for various diseases, but also
a symbol of social disorder, despair, and crime [4]. According to Lewis Murnford, he stated that

Every city in the western world, more or less, has the characteristics of ‘Coketown’. The main
creativity of the 19th century produced an extremely deteriorating urban environment that
has never been achieved before; because even the ruling class settlements were polluted and
very crowded. Indeed, the richest and most ‘advanced’ metropolises don’t even have enough
sunshine and fresh air to build basic things that are indispensable to life, but backward
villages still have these things. [5]

Since the 1940s, the spectrum of human diseases has begun to change. Although the problem
of infectious diseases still exists, “chronic diseases and non-communicable diseases” have become
the main diseases that threaten the health of human residents. New urban problems such as “Urban
Sprawl” and “Suburbanization” have begun to appear, causing a series of economic and social problems,
and new spatial diseases caused by these urban problems have also begun to appear [6]. In 1946,
the World Health Organization defined the health of residents as “Not just free of disease or weakness,
but a state of complete physical, mental, and social resident health” [7]. A study by World Habitat
suggests that the well-functioning of about 50% of the city’s surface area is dedicated to public space.
Unfortunately, tfew cities in the world achieve this goal. The lack of high-quality public space reduces
the quality of life in cities, increases crime, social tension, residents” health, and traffic congestion. Public
space provides leverage for optimizing urban performance—building safer, more cohesive communities,
reducing spatial inequality, building a local economy, and bringing nature back to cities [8].

City managers and city researchers began to study the relationship with residents” health and
the factors that affect residents” access to residents” health from various types of urban spaces and
different professional perspectives. Jane Jacobs proposed the “street eye” (safety, public life, City fun).
The street, especially the sidewalk, is the most important place for public activities in the city and the
most vital “organ” in the city. In addition to the traffic function, urban streets have three other functions:
safety, access and assimilation of children [9]. American sociologist Erving Goffman’s “Behavior in
Public Places”, from the perspective of psychology, distinguishes the different ways and behaviors of
people gathering in public places, and studies the interaction between people, and between people
and space [10]. According to William H. Whyte, a basic point of good urban public space is supply
generates demand. Good, new public spaces will generate new users. Good, new public spaces are
driving people to produce new lifestyles—open air lunches—to create a new way to work and where
to stop. William H. Whyte analyzes the public life elements of street space from the perspective of
bench space, sunlight, wind, trees, water, and food in street space; these elements of public life are
also the basic elements for residents to obtain health in the street space [11]. In 1982, Morphologie:
City Metaphors, Wengers argued that urban structure is like a contrast between mechanical structure
and human body structure. “Human health” and “urban space” are connected in an interesting way.
Wengers likens the “urban infrastructure system” by “skeletal system,” “digestive system,” “circulatory
system” and “nervous system.” As urban expansion and functions continue to increase, urban space
has established a closer relationship with the health of human residents [12]. In the urban design and
architectural design, “resident health” is gradually incorporated into the design process, and the scope
of design thinking has also expanded from “prevention of pollution” to “spatial treatment” and even
“spatial prevention.”

In 2003, British scholar Hugh Barton and others published Shaping Blocks: Residents’ Health,
Sustainability, and Vitality, which introduced a series of design strategies for preventing diseases and
promoting residents” health, starting from the scale of block design [13]. New York issued the Active
Design Guidelines: Promoting Physical Activity and Health in Design in 2010, to promote public physical
activity and residents” health through proactive urban planning and design guidelines. In the same
year, the government proposed Guidelines for the Design of Public Resident Health Spaces in New York City.
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This guideline proposes a design strategy for the physical space level of the city in response to obesity
and related diseases, the most serious residents” health crisis in the United States [14]. Global Residents’
Health 2035 points out that the improvement of the built environment can promote the improvement of
living environment, roads and safety, physical activity and ambient air, so as to achieve the promotion
of residents” health [15]. As an important part of urban public space, street space spreads like “human
blood vessels” in all corners of the city and is the main place where residents’ daily activities occur [16].
Along with the WHO report, Non-Communicable Diseases (NCD) cause 41 million deaths every year;
that is, 71 percent of the global death toll. The impact on low- and middle-income countries is more
severe, as these countries account for more than three-quarters of the world’s NCD deaths (32 million
people) [17].

Due to historical background, geographical location, human factors, living habits and other
factors, the street spaces in different cities are different from each other and their own particularity,
thus causing different health-related problems. These are the criticisms brought about by the rapid
acceleration of urbanization caused by technological innovation. Urban residents have also put forward
new requirements for the function of urban street space. In addition to preventing and controlling
infectious epidemics, attention must also be paid to the improvement of residents’ chronic diseases,
including physical, psychological and social residents” health, and to promote social equity and social
harmony, etc. However, researchers face similar issues:

1.  The continuous emergence of new technologies and methods provides new possibilities for research;
2. How to consider other disciplines so that the research content can be an effective system for
solving problems.

2. Data Sources and Methods

2.1. Data Sources

In order to ensure the scientific and integrity of the data source, this research literature is derived
from the core collection of the Web of Science (WOS) database. Retrieved by Topic = “street public
open space” or “street space” or “street public space” and “Health”, the source of the database is
SCI-EXPANDED, SSCI, A & HCI, CPCI-S, CPCI-SSH, the time span is 1999-2019, and the retrieval time
is September 16, 2019. The document type was journal articles, and a total of 552 articles were retrieved.

2.2. Research Method

With the rapid development of data mining, information analysis and graphics rendering
technology, it becomes possible by using software programs to analyze large volumes of literature data
and implementing data expression through the outcome of data visualization. CiteSpace is a visual
analysis software based on text mining. It uses the hot word analysis function to draw a knowledge map
of the scientific field to visually display the information panorama of each discipline. The knowledge
map can reflect the research hotspots and development trends at a certain stage [18,19]. VOSviewer
is a software tool developed by Van Eck and Waltman of Leiden University in the Netherlands to
build and visualize econometric networks. It can build networks for journals, researchers, keywords,
and publications based on co-citation, coupling and co-authoring relationships, and visualize the
results [20].

This research is based on the literature data of the research area of street space and residents
health. It uses two kinds of bibliometric analysis tools, VOSviewer and CiteSpace, to perform
quantitative analysis on the relevant literature to form the corresponding knowledge map, identify

7

the knowledge base of the research area, and provide the latest progress of related research, frontier
hotspots, evolution paths, and future development trends of street space and residents” health research
which are intended to provide references and basis for related domestic research.
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3. Analysis of Developments in Research Fields

3.1. Literature Development Trends

As can be seen from Figure 1, the number of literatures in the study area in the Web of Science
database was on the rise, year by year between 1999 and 2019 (Note: the main types of literatures are
articles, proceeding papers and book chapters). There was a fluctuation in 2000, 2001 and 2003; and in
2015, the number of articles published in this field increased significantly. The results show that the
overall degree of research and attention in this field is increasing.
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Figure 1. Schematic diagram of document quantity.
3.2. Country and Research Institute Analysis

Based on the author’s cooperation relationship, VOSviewer is used to visually analyze the cooperation
and influence of the country and research institutions. From 1999 to 2019, there are 109 major research
countries involved in the research of street space and residents’ health. The threshold was set as 5 and 67
countries reached this threshold. It can be seen from Figure 2 that with its absolute cooperative influence,
the USA has become the main research country in the research field of the relationship between street
space and residents’ health. United Kingdom, People’s Republic of China and Australia accounted for
12.93%, 8.67%, and 6.45% of the global total. The total link strengths were: 247, 227, and 152.

From 1999 to 2019, a total of 3039 research institutions were involved in the research field of the
relationship between street space and residents’ health. The threshold was set to 5, and a total of 326
research institutions reached this threshold. It can be seen from Figure 3 that the most influential
research institution is University College London (UCL). The institution’s documents are 66. The main
research contents are virtual reality, street-scale, number recognition, remote memory, spatial scale,
space syntax, and so on.

The second-ranked institution, University of Melbourne, has 50 documents. Its main research
contents include urban climate, thermal infrared remote sensing, network analysis, disruptive innovation,
community engagement, climate change adaptation, etc.

The third is University of Hong Kong, whose documents are 47. The main research contents are
urban greenspace, compact city, sustainable city, stress reduction, 3-D visual media, thermal comfort,
urban morphology, etc.
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Figure 3. Influence chart of institutional cooperation in research field.

4. Theme and Domain Co-occurrence Analysis

Word frequency analysis method refers to the method of extracting keywords or subject words that
can express the core content of the document from the document’s information and distributing them in
high and low order to study the development trend and research hotspots in this field. Compared with
the co-citation of literature, co-word analysis is a very intuitive method. Based on the results of the
co-word analysis, this article analyzes the topics in the research field of the relationship between street
space and residents’ health, so as to analyze the hot content, topic distribution, and subject structure of
the research field.
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4.1. Keywords Co-occurrence

The analysis of the knowledge evolution path in the subject area can help researchers systematically
grasp the evolution track of the subject area research, predict the development trend of the research
area, and provide researchers with further research objects. In previous studies, some researchers used
quantitative calculations based on the occurrence frequency or co-occurrence frequency of vocabulary
or phrases that express the research content, based on the strength of the correlation between the topic
words to cluster them, and draw a network of subject topics in different periods” atlases to observe the
evolution track of subject knowledge [21,22].

Compared with the analysis based on word frequency or co-occurrence word frequency, the analysis
of the research evolution path based on emergent words can more easily detect the emerging fields
and development trends of scientific research. This research uses CiteSpace for burst detection. Burst
detection in CiteSpace is mainly based on the Kleinberg algorithm [23]. By examining the word
frequency, those words with a high rate of change in word frequency in a certain period of time are
detected from a large number of subject words.

Co-occurrence of keywords is a co-occurrence analysis of keyword fields provided by authors in
the Web of Science dataset. The CiteSpace software was used to analyze public space thesis papers
with a time slice of 4 from 1999 to 2019, and 10 keywords co-occurrence clustering was detected.
As can be seen from Figure 4, the high-frequency keywords ranked among the top 10. They are
space, city, public space, street, environment, model, physical activity, politics, build environment,
health. It is found from Figure 5 that CiteSpace also analyzed the emergence of keywords. The top
10 emergence strengths are homelessness, flow, women, circular cylinder, infrastructure, violence,
dynamics, system, risk, and temperature. Among them, mobility, street art, pedestrian, graffiti, street
tree, and infrastructure are emergent words appearing in 2015-2019. Combining the displayed temporal
emergent words, the evolutionary path of literature keyword topics, and the co-occurrence clustering
of literature keywords (Figure 6), it can be seen that the research on street space and residents’ health
in the past 20 years can be significantly divided into 3 stages.
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Figure 4. Keywords co-occurrence network.
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From 1999 to 2003, it can be seen from the keywords co-occurrence map that the research areas
of street space and residents” health during this period were space, noise, model, design, system,
atmosphere, simulation, dynamics; urban, gender, land use, behavior, urban space; environment,
children, etc. As the forefront branch of later research, with the development of subsequent research,
it can be seen from the co-occurrence map of keywords from 2007 to 2011 that the street space and the
health of residents are public spaces during this period; city, street vendor; physical activity, community;
street canyon, vegetation, etc. During 2015-2019, impact, pollution; street tree, benefit; accessibility,
network; biodiversity, ecosystem service; space syntax, movement; walk ability, etc.; it can be seen
that the research methods and methods of street space and residents” health during this period were
more abundant and scientific, and entered a comprehensive, diversified, humane, three-dimensional
research stage.

4.2. Domain Co-occurrence

The domain co-occurrence network diagram is obtained according to the analysis by CiteSpace
software (Figure 7). The following information can be obtained from the analysis of the data: the
total number of network nodes is 93 (N = 93), the nodes are connected by 113 links (E = 113), and the
density of the research field network is 0.0264 (Density = 0.0264). As a result, it indicates that
there are fewer cross-references between literatures. The top ten high-frequency domain words are
Environmental Sciences and Ecology, Geography, Urban Studies, Environmental Studies, Engineering,
Public Administration, Regional and Urban Planning, Engineering, Civil, Transportation, Architecture,
Environmental Sciences. According to Figure 8, the top 10 mutation domain words detected by
CiteSpace software are: physics, fluids and plasmas, humanities, multidisciplinary, physics, arts and
humanities, other topics, and mechanics. Among them, education and educational research is a field
emerging discipline from 2015 to 2019 (Figure 8).
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Top 12 Subject Categories with the Strongest Citation Bursts

Subject Categories Year Strength Begin End 1999 - 2019
MATHEMATICS 1999 8.0613 1999 2014
MECHANICS 1090 11.7596 1999 2012
PHYSICS, FLUIDS & PLASMAS 1099 20,1209 1999 2011  pf——
PHYSICS 1090 155754 1999 2011 p—
PHYSICS, MATHEMATICAL 1999 72727 1999 2010  p————
ENGINEERING, MECHANICAL 1090 7.6941 1999 2000  —
ACQUSTICS 1090 10.2284 2001 2013 T
COMPUTER SCIENCE, INTERDISCIPLINARY APPLICATIONS 1099  10.0222 2005 2014 e
EDUCATION & EDUCATIONAL RESEARCH 1099 7.6921 2015 2019 —
HUMANITIES, MULTIDISCIPLINARY 1090 17.4044 2015 2017 —
ARTS & HUMANITIES - OTHER TOPICS 1099 12.4307 2015 2017 S
ART 1099 9.9069 2016 2019 —

Figure 8. Sorting of emergent lists in the literature area by burst intensity.
5. Co-cited

Co-citation of a document refers to the fact that two documents (or multiple articles) appear in the
third bibliographic reference list, then the two documents form a co-citation relationship, which can be
explored through literature co-citation research which has become the development and evolution of
a discipline. Figure 9 demonstrates the analysis of co-citation to 4552 related research papers in the
WOS from 1999 to 2019, and the results in Table 1 were obtained according to the frequency of citations.
From the analysis of the data, the following information can be obtained: the total number of network
nodes is 436 (N =436), there are 688 connections (E = 113) between the nodes, and the density of the total
cited literature network is 0.0073 (Density = 0.0073 ), indicating that there are fewer cross-references
among literatures. In the figure, the size of the circle is affected by the “cited frequency.” At the same
time, the distance between circles can be seen to realize which literatures are closely related (the strong
connection indicates that these literatures will often appear together in later research publications).
Among them, the most cited literature is Tzu-Ping Lin’s Shading Effect on Long-Term Outdoor Thermal
Comfort; Andreas Matzarakis’s Modelling Radiation Fluxes in Simple and Complex Environments: Basics of
the RayMan Model; third place is Limor Shashua-Bar’s (2011), The Influence of Trees and Grass on Outdoor
Thermal Comfort in a Hot-Arid Environment; fourth place is Jennifer R. Wolcha’s (2010), Urban Green
Space, Public Health, and Environmental Justice: The Challenge of Making Cities 'Just Green Enough’; fifth
place is Diana E. Bowler’s Urban Greening to Cool Towns and Cities: A Systematic Review of the Empirical
Evidence. In the citation list of the top 10 documents in Table 1, there are 4 documents cited more than
30 times; 6 documents cited more than 20 times.

Table 1. Literature co-citation list.

Count Cited References Year
39 LIN TP, BUILD ENVIRON, V45, P213 2010
39 MATZARAKIS A, INT ] BBOMETEOROL, V54, P131 2010
33 SHASHUA-BARL, INT ] CLMATOL, V31, P1498 2011
32 WOLCH JR, LANDSCAPE URBAN PLAN, V125, P234 2014
29 BOWLER DE, LANDSCAPE URBAN PLAN, V97, P147, 2010
29 GEHL]J,2011, LIFE BUILDINGS USING, VO, PO 2011
26 LI XJ, URBAN FOR URBAN GREE, V14, P675 2015
26 LIN TP, BUILD ENVIRON, V44, P2017 2009
23 LEE H, 2016, LANDSCAPE URBAN PLAN, V148, P37 2016

MULLANEY ], 2015. LANDSCAPE URBAN PLAN,

2 V134, P157

2015
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Figure 9. Document co-citation cluster diagram.

6. Knowledge Topic Identification and Landmark Literature Analysis

6.1. Knowledge Topic Recognition

The research field can be conceptualized as a time map from the research front to the knowledge
base [24]. The cited literature in the literature data set constitutes the knowledge base of the research
field, and the corresponding cited literature forms the research front. Therefore, subject clustering of
citing documents based on the co-citation relationship of the highly cited documents that constitute the
knowledge base can, to a certain extent, identify the frontier knowledge base of the research field. On
the one hand, it reveals important knowledge turning points in the research frontier evolution. On the
other hand, it also lays the foundation for clarifying the relationship between research fronts. This study
uses CiteSpace to draw a knowledge map of the research area based on the literature co-citation
network to identify research topics in the field of street space and residents” health. The specific
parameter configuration is the time cutting is set to 4 years, and the source of the topic words is title,
abstract, author keywords, topic type selects noun phrases, node type selects cited literature, threshold
selects TOP50 as the threshold, and pruning scheme selects the minimum spanning tree algorithm to
trim the time zone segmented network. The map includes 436 nodes and 688 edges. The module’s
Q value is 0.9122 and the average contour S value is 0.5521. These two indicators are an important
basis for evaluating the effect of graph drawing. For Figure 10, such Q and S values indicate that the
clustering structure is significant and the clustering is reasonable.

As can be seen from Figure 10, there are 12 clusters in the topic clustering map of the research
area of street space and residents” health from 1999 to 2019. These clusters reflect the hot topics in the
field in the past 20 years. The number of documents in each topic cluster show that there are large
differences in scale, with a maximum of 33 articles and a minimum of 11 articles, and the time span
covered by the cluster is also different (Figure 11), such as 0 cluster destination, which lasted from 2006
to 2018. Some research topics have appeared intensively since 2010 and have continued to the recent
(2018) studies, such as 5 cluster street, 8 cluster ecosystem services, and 10 cluster pedestrian-level
thermal comfort.
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Combined with the graphical conditions of Figures 10-12, the clustering literature of continuous
research in recent years is analyzed, and the results are as follows:
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1099 2003 2007 2011 2015 2018
Figure 12. Research topic time zone view.

0 Clustering—The research theme of the cluster is destination. There are 33 research references
in this cluster. In addition to the destination topic, these references also involve building, reflective
roof, Barcelona, visual, energy, urban accidents, social environments and other related research
topics. Based on the topic distribution and frequency of citations, the core literature of the topic
clustering can be obtained. In the core literature, Diana E. Bowler and others comprehensively analyzed
research data on the cooling effect of parks through Meta-Analysis. The temperature of the green
park is about 1 °C lower, but the result still needs to be properly monitored in multiple urban green
spaces (monitoring content should include comparing temperature data collected before and after the
greening implementation plan with data collected from corresponding non-green spaces) to test this
hypothesis [25]. Terry Hartig further discussed the definition of “nature,” reviewed the four ways to
gain health through exposure to nature in urbanized societies (air quality, outdoor activities, social
interaction, and stress relief), and emphasized the intersection and diversity of research approaches [26].
Related directions for further research are discussed.

5 Clustering. Jan Gehl’s Life Between Buildings: Using Public Space has indicated the landmark
significance in the field of public space research centering on the images of street view. It classifies the
outdoor space activities of the building into three categories, and analyzes the people in the place of
stay in detail activities [27]. Sandra Oliveira found that the impact of small- and medium-sized green
spaces in the city on the atmospheric environment in the surrounding space. Through the study and
analysis of Lisbon, it emphasized that the cooling effect of green space on the surrounding environment
should be enhanced in combination with the characteristics of urban space [28].

8 and 10 Clustering—There were climate models used to predict “heatwave days” in central Europe
for next summer’s weather, proving that trees are more effective than grasslands in terms of combating
human heat stress [29]. Research by Riccardo Buccolieri and others showed that the correlation between
air permeability in the urban canopy and building density provides a practical method for identifying
the air permeability of urban spaces, and constructed a layout pattern of neighborhood building spaces
in order to reduce pollution [30]. Wind speed, air temperature, and solar radiation affected human
thermal perception. Edward Ng et al.’s research on the thermal comfort of Hong Kong believed
that there are changes in the layout of buildings which are set up in urban open spaces and streets.
The shading facility is beneficial to space users and emphasizes the effectiveness of plants in reducing
local heat load [31]. Angeliki Chatzidmitriou carried out environmental measurements on 18 street
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canyons in the dense area of the center of Thessaliki, Greece, in summer and winter, respectively. The
geometry of the street canyons is most beneficial for pedestrian thermal comfort experience [32]. In
line with the concern of comfort experience, Ruey-Lung Hwang suggested that by conducting outdoor
thermal environment experiments on urban streets in central Taiwan, as well as planting trees and
installing awnings in street spaces, are recommended for improving the thermal environment of the
original space [33].

Moreover, there are additional arguments such as human stress level from the surrounding
environment and the concern about environmental justice. For example, Thompson tried to experiment
with salivary cortisol as a biological way to measure changes in stress levels in humans. This approach
is more objective and supports previous experimental research on the relationship between green
space and stress relief [34]. Jennifer R. Wolch and others discussed the issues of environmental justice
caused by the uneven distribution of green space in cities, and explained the duality of the problem.
The increase in green space may raise the cost of housing, make the land aristocratic, and cause new,
unfair events where managers and practitioners should pay attention and understand the concept
of “just green enough” [35]. As such, they all provide various points of view to indicate the possible
engagements for not only improving quality of street space but also residents” health in urban areas.

6.2. Analysis of Street Space and Residents” Health Evolution Based on Iconic Literature

This paper first uses CiteSpace to convert the literature from 1999 to 2019 by co-citation network,
and then inputs the annual network information files into the Alluvial Generator one by one.
After information screening and layout adjustment, we got 2012, as shown in Figure 13. The alluvial
flow map of the landmark literature on street space and residents’ health was taken from year to
year up to 2019. In the picture, four iconic documents are highlighted. Among them, Cohen et al.’s
is a document about trees that can effectively improve the heat of urban open spaces [36], and this
document has a long shock streamline, which has received concentrated attention from 2012 to 2015.
Edward Ng et al. conducted research on outdoor thermal comfort in Hong Kong. According to the
analysis of the research results, Hong Kong’s summer neutral physiological equivalent temperature
(PET) is about 28 °C. This result helps to establish thermal comfort in hot and humid tropical and
subtropical cities” wind performance standards [33]. At the same time, they believe that air humidity,
wind speed, and solar radiation intensity are factors that determine the thermal sensation of outdoor
people. The alluvial flow generated by the above two documents was introduced by Tzu-Ping Lin et al.
The research focuses on the acceptable thermal comfort range of park users, the impact on park
utilization, and the characteristics of thermal adaptation that will affect the difference in utilization of
various methods in different spaces [37], and reveal the importance of shading facilities in parks in
those hot climate areas.

From economic viewpoints, there are related factors affecting housing price such as space pattern
and greenery of urban planning. Xiao’s research analyzes the impact of urban spatial pattern and
economic capacity on housing prices in China, of which public green space, private green space and
paid green space are three types of green space influencing factors of spatial pattern [38]. For instance,
Stephen Law used the topology of the street network in his study. The structure is connected on
how to define and perceive local areas; and from the perspective of real estate economists, it will
have an impact on house prices, which is an important aspect of house price prediction models [39].
Barthelemy Marc’s opinion on the conditional probability distribution of the shape factor in a given
area defines the constituent factors of urban fingerprints, which will be the basis for classifying cities
based on street patterns [40]. Additionally, in Lu’s study, it emphasizes the importance of walking
behavior in Hong Kong city, and the decision of walking behavior and the length of time are related
to the greenery which people visually perceive in the street space, and the validity and reliability of
evaluation through Google Street View is proposed, too [41].
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Figure 13. Alluvial flow map of the iconic literature.

The above analysis shows that “open space comfort,” “the impact of different types of green
space on living choices” and “street networks” are the main evolutionary contexts of street space and
residents’” health.

7. Discussion

This study uses the core of Web of Science to centrally integrate literature related to street
space and residents” health research as a data source, fully integrate the advantages of bibliometric
visualization software of CiteSpace and VOSviewer, and visualize the field of street space and residents’
health research from a 1999 to 2019 analysis. First of all, based on the development trends of street
space and residents’ health research fields, subject categories, countries and research institutions, the
preliminary analysis of street space and residents” health research development trends is conducted.
Secondly, based on the knowledge-based analysis, knowledge topic recognition and knowledge topic
evolution path analysis of the research field, this paper explores the research hotspots and frontiers
in the past 20 years. By organizing the overall development path of this field, the paper intends to
find out the regular patterns and future development trends to provide reference and basis for the
development of the field. Through the classification of related researches in this field, the research
scope and elements, methods and related contents are summarized and organized, and the following
classifications are shown in Table 2.

Based on the co-citation from various literatures about street space and residents” health literature,
it is found that the clustering characteristics of this research area are scattered to many research clusters,
and there are no clear research characteristics formed. However, from the co-occurrence clustering
and the emergence of this field, it is noticeable that Environmental Science and Ecology, Geography,
Urban, Education and Educational Research, Multidisciplinary, Arts and Humanities are prevalent,
revealing cross disciplinary research tendency in this area.
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Table 2. Positive correlation analysis of research fields.

Research Categories and Elements

Research Method

Relevant Research Contents

Positive correlation
between urban street
space and residents’
health

Natural
Environment

temperature, plants
and geographical
location

sensor measurement,
ENVI-met model,
literature meta analysis

Psychological restoration and physical activity to explain the health
promoting value of green space [42,43]; Regional climate change [44]; Living
away from green spaces may increase the risk of obesity [45]; High-albedo
materials [46]; The sky view factor (SVF), significantly affects outdoor
thermal environments [47,48]; Google Street View (GSV), urban greenery
assessment tool [49,50];Three mechanisms through which greenery might
exert its positive effect on health: stress reduction, stimulating physical
activity and facilitating social cohesion [51-53].

Economic
Environment

Physical Space
Environment

a topological network
model, space syntax re-
search, questionnaire
investigation

economic level and
house price of
different cities

computational fluid

dynamics (CFD),
. standard ke3 turbulence
transportation, street
. . model,
grid, built . .
. micro-meteorological
environment
measurement,

ENVI-met model,
space syntax

Balancing the interests of all parties (local governments, different community
groups, real estate developers, environmental advocates) [35]; The concept of
Street-based Local Area (SLA), SLA associate with house price [39]; By
estimating network accessibility variables across a variety of spatial scales,
Evaluate the relationship between urban allocation and real estate price;
Urban Street centrality and densities of commercial and service activities [54].
The influence of thermal comfort of urban outdoor space environment on
pedestrians [55,56]; Geometric elements and physical properties are related
to microclimate and thermal comfort parameters as well as data from
different climatic regions [32]; Long-street models [57]; The urban air
permeability in the urban canopy is closely related to the building density
[58]; A small building arrangement and pollutant dispersion in street
canyons [59-61]; Environmental sensitivity and heat island intensity in
high-density cities [62,63]; The betweenness centrality (BC) of nodes in large
complex networks [64]; Planners and community police, the quality of life in
urban neighborhoods [65]; The large urban street networks form
small-world networks [66,67]; Cognitive space, metric space, spatial
topological [68]; Built environment space perception [69].

Social
Environment

gender, age,
gentrification of land,
environmental
justice

salivary cortisol data,
sampling survey

Measurement of salivary cortisol was used as a basis for exploring the
relationship between happiness and green space [34]; The degree of urbanity
and level of income deprivation [70]; The association between greenery filled

public areas that are nearby a residence and easy to walk in and the
longevity of senior citizens in a densely populated, developed megacity
[71,72]; The obesity epidemic in minority children [73];Ethno-racially
differentiated [74-76]; The relationship between children’s health and
community, green plants and sports activities [77]; The time of outdoor
activities are influenced by regional culture [78].
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From the perspective of countries and institutions, there are 67 major research countries involved
in this research field. United States has become the main research country in this field with its absolute
cooperative influence, followed by the United Kingdom and China. Among the 326 major research
institutions involved, the most influential institution is UCL, followed by University of Melbourne and
University of Hong Kong. In the knowledge base, Matzarakis [79], Lin [80], Shashua-bar [81] and other
cited documents appear with a strong indication due to their co-citation relationship with other related
researches. Academic influence and those highly cited literatures constitute the knowledge base in the
research field on street space and residents’ health. In terms of research topics, there are 12 clusters in
the topic clustering map related to street space and residents’ health reflecting the hot topics in the past
20 years. It appears that pedestrian-level thermal comfort also establishes the research hotspot and
frontier of street space and residents” health.

This paper provides researchers with an overview on studies related to urban street space and
residents” health. Of course, this is only a part of the studies available, and is not comprehensive.
Overall, the research object of this study is mainly centered on the daily life of residents. The space
environment is unfolded, but the urban space environment has its own ecosystem. The paper aims to
transform the urban space in order to build up an appropriate environment with the awareness of
human health in urban areas. In the process of achieving this regard, it is worthwhile for researchers to
re-think the ecological balance for the entire environment of cities. On the other hand, there are issues
which are valuable for in-depth discussion under the contemporary urban context, such as how should
urban street space respond to the occurrence of public health incidents; or through urban planning and
design, whether it is possible to avoid likely problems from happening.

In addition, from the aspects of research content, the future trends may turn from the focus on
correlation exploration to the study of causality. The level of research methodology including sampling
questionnaire surveys and cross-sectional surveys will follow the constant advancement of technical
tools and software models such as GIS and ENVI-met that provide more reliable data for research
development. Additionally, there are scholars that have begun their study via research methods
in physics and biology. Most of them are related to the uncertainties, for example, the diversity of
research objects and the unknowingness of causality. In future research, related contents may be
more extensive, and it should be further specific to different research objects. With the attention to
these details, choosing a suitable research method still needs the research front to work harder in
developing multi-dimensional exploration and in-depth expansion. Undoubtedly, research hotspots
are closely related to social formations, and they have shifted from macro theoretical research in the
past to concrete empirical research by focusing on the urban street space in the era of “new urban
science” covering more scientific and effective guidance through urban data obtained. To sum up, the
positive and negative impacts of urban street space on residents’ health have been proven in many
ways. However, how to effectively use street space to better serve residents” health is a need for urban
design researchers to collaborate with the public, for future studies.
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