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ABSTRACT

The relationship between spatial arrangement and social interactions is analyzed by a tool called space
syntax. This study provides a bibliometric analysis of the application of space syntax in healthcare
research. After performing a “title-abstract-keyword” search in the Scopus database, a total of 101
documents were analyzed using the software VOSviewer and R Bibliometrix. The analysis provides
an overview of how journals, authors, countries, and institutions are divided chronologically. The
citation patterns of journals, articles, the most cited journals, papers, and keywords' co-occurrence map
are all displayed in detail. Findings show, that the most often occurring keywords are space syntax
(53), wayfinding (8), evidence-based design, and hospital (6 each), privacy, and visibility (4 each),
emergency department, spatial layout, and layout analysis (3 each). The results of this study will help
researchers choose their research objectives with a better understanding of how space syntax is
currently applied in healthcare-built environment research.

Keywords: space syntax, space syntactic, hospital, healthcare, healthcare-built environment,
evidence-based design

L.Introduction

In healthcare built-environment research, space syntax has attracted a lot of attention since it is a
powerful analytical tool [1]. Researchers can better comprehend the complex interactions between
physical environments, behavioral patterns, and healthcare outcomes because of their distinctive
perspectives on the spatial organization [2], [3]. Space syntax offers important insights into how the
physical environment affects patient experiences [4], staff workflows, and overall healthcare delivery
by investigating the spatial features and connection of various spaces within healthcare environments
[5]. Space syntax is a study of spatial structures and how they affect human behavior, [6]. In the
context of healthcare research, this method entails examining the design, connectedness, and
accessibility of spaces inside healthcare facilities to comprehend how different spatial arrangements
affect aspects of healthcare [7]. Researchers can investigate how patient safety [8], wayfinding [9]—
[11], circulation [12], [13], “privacy” [4], [14], and interactions between patients and staff are affected
by architectural design, among other areas of healthcare delivery [15].

Evaluation of spatial arrangements and their impact on patient outcomes is one of the primary uses of
space syntax in healthcare-built-environment research [16]. Researchers have used space syntax
analysis to explore the relationship between physical environments and patient falls in hospitals [17].
Researchers have discovered probable design elements that cause falls, such as inadequate visibility
or ineffective spatial organization, by examining the connectedness and integration of various areas,
including patient rooms, corridors, and nurse stations [18]. The effect of spatial layouts on staff
communication and workflow in healthcare environments has also been studied using space syntax
[4]. Researchers have determined architectural elements that facilitate or impair staff interactions and
collaboration by examining the spatial aspects of work areas, staff break areas, and patient care zones
[19].

Understanding how the built environment affects patient happiness and well-being may also be learned
using space syntax analysis [1]. Researchers have analyzed how the layout of spaces affects patient
comfort, privacy [14], and access to care by analyzing the spatial characteristics of waiting areas [20],
consultation rooms, patient rooms and utilities [8], [21], [22]. This knowledge can be used to direct
the creation of patient-centred environments that encourage pleasant patient experiences and expedite
healing. Healthcare practitioners and architects can build facilities that optimize care delivery and
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improve the experiences of patients and employees by adding space syntax analysis into the design
process [5].

Bibliometric analysis has become a useful tool for examining and assessing the research landscape of
numerous disciplines. According to Van Eck and Waltman [23], bibliometric analysis is a quantitative
technique that examines patterns of publication, citation, collaboration, and emerging trends within a
particular study topic. It can offer important insights into the trends, patterns [16], [23], [24], and
effects of studies that use space syntax in the context of healthcare-built environments research. It is
crucial to comprehend the corpus of existing literature on space syntax in healthcare built-environment
research for several reasons. It enables researchers to determine the existing state of knowledge, the
publication trends over time, the most popular study topics, shifts in research focus, and emerging
topics of interest [16], [25], [26].

Although space syntax has emerged as a useful analytical tool in several research fields [27], the
literature has not given much attention to its usage and impact in healthcare research. This dearth
emphasizes the demand for thorough bibliometric analyses to examine and comprehend the state of
the art in this field of study. This bibliometric analysis of space syntax on healthcare-built environment
research will aid in identifying patterns of publication over time, prominent authors, participating
countries, contributing journals, knowledge gaps, and new research avenues.

II.Methods

The Scopus database was searched during the first week of October 2023 to obtain the bibliographic
information needed for this research. The search was carried out with the term "TITLE-ABS-KEY,"
which stands for "title-abstract-keyword." The keywords include: (“space syntax” OR “space
syntactic” OR “visibility graph analysis” OR “space syntax analysis”) AND ("healthcare-built
environment" OR hospital OR healthcare OR clinic). The search resulted in 101 documents in the
Scopus database.

The bibliometric data were analyzed with the software VOSviewer, R Bibliometrix and MS Excel to
determine the status of published literature on space syntax in healthcare-built environment research:
its publication trends, number of citations, citation network with countries, prominent authors in terms
of number of publications and citations, number of organizations, prominent keywords etc.

II1.Results
The result is presented in the following themes: trends of publication; analysis of countries/regions;
analysis of authors; analysis of organizations; analysis of documents; analysis of keywords; analysis
of sources etc.
3.1 Publication Trends
A total of 101 manuscripts of space syntax in healthcare-built environments were analyzed. The
publications were categorized as journal articles, conference papers, reviews, and conference reviews
based on the type of publication (Figure 1A). The majority of the documents (59%) were journal
articles, with conference papers coming in second (35%). Most of the included articles were written in
English language. Figure 1B depicts the annual distribution of articles over a decade. In 2003, the first
article on space syntax in a healthcare-built environment study was published. The figure shows that
before 2013, a very limited number of papers were published. However, a considerable number of
articles on this topic were published after 2021.
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Figure 1 Trends in publication on space syntax in healthcare-built environment research. (A)
Document type (B) Single-year publication over a decade

3.2 Analysis of countries/region Figure 2A depicts the top ten nations with the most publications.
While 31 countries contributed to the publication on space syntax in healthcare-built environment
research, only 11 countries published four or more publications demonstrating the deficiencies of this
kind of research in many nations. In terms of the number of publications, the United States contributed
the most publications (34, 38% of all publications), followed by the UK (15, 17%). More than 60% of
the papers in this field came from three countries: the US, the UK, and South Korea.

Figure 2B lists the top ten nations with the most citations. The US ranked first in terms of citation
counts (595), followed by the UK (142). Figure 3 describes the network of bibliographic coupling with
countries having three or more documents. In this figure, there are four clusters (red, green, blue, and
yellow) and 13 items that represent the countries. Cluster 1 (red cluster) has 8 items (Italy, Japan,
Netherlands, South Korea, Sweden, Turkey, United Kingdom, and United States), cluster 2 (green) has
3 items (Australia, China, and Iran), cluster 3 (blue cluster) has 1 item (Iraq), and cluster 4 (yellow
cluster) has 1 item (Egypt). The size of the circle represents the strength, and the thickness of the
curved lines represents the link strength. The US has the highest total link strength (958), followed by
the UK (614).
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Figure 2 Countries publication status (A) Top 10 countries with most publications (B) Top 10 nations
with most citations
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Figure 3 Network visualization of Bibliographic coupling with countries having three or more
documents
Table 1 represents the co-authorship data visualization with countries. A nation's minimum document
count was set at 4. Out of 31 countries, 11 met the threshold. China and the UK had ranked first in
terms of the number of papers co-authored with scholars of other countries having total link strength
(6 each), followed by Australia and the US (5 each).
Table 1 Network of Co-authorship network with nations

Nation Documents Citations Total link strength
China 6 56 6
United Kingdom 15 142 6
Australia 4 54 5
United States 34 595 5
Iran 4 57 4
Netherlands 4 41 2
Italy 5 18 1
South Korea 8 37 1
Sweden 4 17 1
Turkey 5 15 1
Iraq 4 9 0

Figure 4 is the graphical network visualization of co-authorship with at least 4 documents of a nation.
The links show the strength of their co-authorship, and the sizes of the spheres show the strength of
their publication. In this mapping, there were four clusters (red, green, blue, and yellow) with 10 items.
Cluster 1 (red cluster) and Cluster 2 (green cluster) had 3 items each with a total link strength of 6 and
5 respectively, cluster 3 (blue cluster) and Cluster 4 (yellow cluster) had 2 items each with a total link
strength of 2 and 6 respectively.
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Figure 4 Co-authorship network with countries

3.3 Analysis of authors
Figure 5A represents the citation network visualization with authors. In terms of the number of
citations, Haq S.; and Zimring C. were the most cited authors (135), followed by Haq S.; and Luo Y.
(68). The authors Pachilova R.; Sailer K. had the most publications (3), followed by Haq S., Kim Y.;
Lee H.W., Rashid M; Khan N.; Jones B, and Bai L.; Nasu S. (2 each) (Figure 5B).
Figure 6 depicts the graphical visualization of the bibliographic coupling network with authors. The
threshold for documents of an author was set to 2. Out of 92 authors, 5 met the threshold. In this
mapping, there are two clusters (red and green), and 5 items in total. Cluster 1 had three items (Bai L.;
Nasu S., Kim Y.; Lee H.W., Rashid M.; and Khan N.; Jones B.) and Cluster 2 had two items (Haq S.,
and Pachilova R.; Sailer K.).
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Figure 5 Citation network with authors (A) Top 10 authors with the most citations (B) Top 10 authors
with the most publications
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Figure 6 Bibliographic coupling network with authors
Figure 7 shows the corresponding author countries. According to the figure, the US had the highest
number of corresponding authors (22) in the category of single-country publication (SCP), followed
by Korea (7). United States had also ranked first in corresponding authors (4) in the category of
multiple country publication (MCP), followed by Australia (2).
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Figure 7 Corresponding author countries

3.4 Analysis of organizations

Figure 8 shows the performance of organizations with two or more publications in terms of space
syntax in healthcare-built environment research. A total of 182 organizations contributed to this
research area. “Civil and Environmental Engineering Department, University of California, Berkeley,
United States” and “Department of Architecture, the University of Kansas, Lawrence, KS, United
States” are the most productive organizations in terms of the number of citations (25 each), followed
by University College London, United Kingdom (18).
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Figure 8 Citation and co-citation visualization: Top 10 organizations with the highest number of
citations
3.5 Analysis of documents
Table 2 represents the citation network visualization with documents based on the number of citations.
Haq & Zimring [6]: Just down the road a piece: The development of topological knowledge of building
layouts has ranked first in terms of the number of citations (135), followed by Hagq et al., [7]: Space

Syntax in Healthcare facilities research: A review (68).
Table 2 Top 10 documents with the highest number of citations

First author Year Title Source Citation

Haq S; [6] Just down the road a piece: The Environment and 135

Zimring C development of topological knowledge Behavior
of building layouts

HaqS.;LuoY. [7] Space Syntax in healthcare facilities Health Environments 68
research: A review Research and Design

Journal

Zamani Z. [4] Effects of Emergency Department Health Environments 40
Physical Design Elements on Security, Research and Design
Wayfinding, Visibility, Privacy, and Journal
Efficiency and Its Implications on Staff
Satisfaction and Performance

Morgareidge  [22] Performance-driven design with the Frontiers of 40

D.; CAI Hj; support of digital tools: Applying Architectural

JIA L. discrete event simulation and space Research
syntax on the design of the emergency
department

Haqg S. [28] Investigating  the syntax line: Environment and 38
Configurational properties and cognitive Planning B: Planning
correlates and Design

Trzpuc S.J.; [5] Application of space syntax theory in the Health Environments 37

Martin C.S. study of medical-surgical nursing units Research and Design
in urban hospitals Journal

Halawa  F.; [17] Advancing evidence-based healthcare Health Care 35

Madathil facility design: a systematic literature Management Science

S.C.; Gittler review

A.;

Khasawneh

M.T.
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Alalouch C.; [14] Spatial attributes of hospital multi-bed Facilities 32

Aspinall P. wards and preferences for privacy

Tzeng S.-Y.; [29] Spatial forms and signage in wayfinding Journal of Asian 29

Huang J.-S. decision points for hospital outpatient Architecture and
services Building Engineering

Chen X. et.al. [30] Keratoconus detection of changes using BM]J Open 28
deep learning of colour-coded maps Ophthalmology

Figure 9 shows the bibliographic coupling network visualization with documents having five or more
citations. Again, the size of the circle represents their strength of publications, the thickness of lines
represents link strength and the colour represents their clusters. There are six clusters in this mapping,
clusters 1, 2 and 3 had 11,10 and 8 items respectively, clusters 4 and 5 had 3 items each, and cluster 6
had 2 items. The largest blue circle symbolizes the author Haq S; Zimring C [6], has the most citations
(135) and has a total link strength of 29.
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Figure 9 Bibliographic coupling visualization of documents with five or more citations
3.6 Analysis of keywords
Table 3 represents the co-occurrences network visualization with author keywords. The minimum
number of occurrences of keywords was set to 3 in VOSviewer. Out of 359 keywords, 24 met the
thresholds. “Space syntax™ scored first rank with total link strength (54); followed by evidence-based
design (12); hospital and wayfinding (10 each).
Table 3 Co-occurrence network with author keywords

Keyword Occurrences Total link strength
Space syntax 53 54
Evidence-based design 6 12
Hospital 6 10
Wayfinding 8 10
Agent-based 3 8
Privacy 4 8
Visibility 4 8
Emergency department 3 7
Spatial analysis 3 7
Layout analysis 3 6

Figure 10 shows the network visualization map of co-occurrences with the author's keywords. There
were seven clusters with 24 items and 92 total link strengths in this mapping. Cluster 1-4 had the
highest number of items (4 each), followed by Cluster 5 and 6 (3 items each), and cluster 7 (2 items).
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Figure 10 Co-occurrences network with author keywords

3.7 Analysis of sources

Table 4 represents the citation network visualization with source. According to the table the source
“Health Environments Research and Design Journal” scored the highest citations (288), followed by
“Environment and Behavior” (135). Figure 11 shows the network visualization of bibliographic
coupling with sources having two or more documents. The mapping displays four clusters (red, green,
blue, and yellow) with 14 items. The red cluster had the highest number of items (4) with a total link

strength (236), followed by the green cluster with items (4) and total link strength (139).

Table 4:Top 10 sources with the highest number of citations

Source Documents Citations
Health Environments Research and Design Journal 16 288
Environment and Behavior 1 135
Facilities 2 54

2013 International Space Syntax Symposium 8 52
Frontier of Architectural Research 2 40
Environment and Planning B: Planning and Design 1 38
Healthcare Management Science 1 35
Journal of Asian Architecture and Building Engineering 3 33

BMJ Open Ophthalmology 1 28
Journal of Cataract and Refractive Surgery 2 24

Lean Construction Journal 1 18
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Figure 11 Network visualization of Bibliographic coupling with a source having at least three
documents of source

3.8 Analysis of space syntax research in hospital departments

Several authors have explored different hospital departments through the perspective of space syntax,
offering insightful contributions to the field of healthcare research and design. Analysis revealed that
the “spatial layout”[31]—[35], “inpatient ward” [8], [14], [18], [36], [37], “nursing unit”[5], [18], [21],
[38], “emergency department” [22], [27], [39], “outpatient department”[29], [40], have been examined
for improved healthcare outcomes and patient & staff experiences. The authors' collaborative efforts
highlight the importance of space syntax in deciphering hospital departmental complexities and
cultivating a comprehensive understanding of the field of healthcare architecture.

3.9 Analysis of current themes

The current themes and the potential research areas were identified through keyword analysis. The
analysis revealed that “privacy” [4], [14], [41], [42], “visibility” [4], [5], [18], [43], "wayfinding” [4],
[9]-[11], [13], [29], “evidence-based design” [17], [27], [31], [43]-[45], "healing environments” [1],
[46], “hospital ward layout” [36], [37] are frequent themes in the literature. These topics demonstrate
the varied ways in which space syntax analysis is used to comprehend how spatial arrangements affect
patient experiences [47], employee productivity, and health outcomes [5]. Numerous research studies
have investigated how the physical layout of healthcare facilities affects the likelihood of patient falls
[48], [49]. Researchers have found architectural elements that cause falls, such as long corridors [50],
low visibility [51], and complex design, by utilizing space syntax analysis to investigate the
connectedness and integration of various areas within hospitals.

The analysis also revealed the influence of spatial layouts on staff communication and processes as an
important research issue [1]. The relationship between spatial layouts and staff performance [4], and
collaboration in healthcare settings has been investigated through research using space syntax analysis
[5], [21], [40]. Researchers have discovered design elements that help or impede staff collaboration
and workflow by examining the spatial characteristics of workspaces, nursing stations, and patient care
zones [38], [40]. According to Alalouch et al. [14], spatial syntax analysis can demonstrate the value
of closeness and visibility in fostering good staff communication, which ultimately improves patient
care.

3.10 Analysis of Country, keyword, and source relationship

Figure 12 shows the relationship of the author’s country, keywords, and sources (journals) in three
field plots using the Sankey diagram. Sankey diagrams are a kind of graphic that illustrates the flow
of values from one set to another. Sankey diagrams are used to visualize quantitative data regarding
flows, their connections, and their change [52]. The author's country (AU _CO) is on the left, keywords
(DE) are in the centre and cited sources (CR_SO) are on the right. The size of the rectangle represents
the frequency which is proportional to the nodes it contains, and the thickness of connecting lines
represents the strength of the relationship.
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The figure displays the top 10 countries in the left field, the middle field containing the keywords used
by these countries, and the right field containing the primary cited sources. It is evident from the middle
field that the researchers are more interested in "space syntax," "evidence-based design," "hospital,"
"wayfinding," and "healthcare." These are hot topics that academics are paying more attention to. It is
evident from the left field that the United States has produced the most publications.

AU CO DE CR SO

Figure 12 Three field plot

IV.Discussion

This bibliometric analysis of space syntax in healthcare built-environment research yielded useful
insights into the trends of publication, patterns, major themes, prominent countries, influential authors,
participating organizations, highly cited documents, frequently used keywords, and rising fields of
research. The analysis of publishing trends offers an overview of the evolution of space syntax in
healthcare-built environment research. Data analysis reveals that the first paper on this topic came out
in 2003, and very few articles were published before 2018. The highest number of publications was
recorded in the year 2019. This reflects an increasing interest in space syntax in healthcare-built
environment research. The publishing trends shed light on the geographical dispersion of this field's
study. Data analysis shows a concentration of space syntax research in healthcare originating
predominantly in the US, the UK, South Korea, and China.

The author productivity and author collaborative networks have been identified by this bibliometric
analysis. It identified writers who have significantly advanced the study of space syntax in healthcare
research. These authors have produced a sizable number of articles, received many citations, or
maintained a steady research output throughout time. Data revealed that the author Haq S.; Zimring C.
has the highest number of citations (135), whereas the author Pachilova R.; Sailer K. has the highest
number of documents (3) in this field of study. This data not only sheds light on the contributions of
certain scholars but also points to potential multidisciplinary cooperation.

Citation analysis offers important insights into the significance and influence of space syntax studies
in built environments and healthcare research [53]. The relevance of the research can be determined
by examining citation counts. The articles “Just down the road a piece: The development of topological
knowledge of building layouts” authored by Haq et al., [6]; “Space Syntax in healthcare facilities
research: A Review” by Hagq et al., [7]; “Effects of Emergency Department Physical Design Elements
on Security, Wayfinding, Visibility, Privacy, and Efficiency and its Implications on Staft Satisfaction
and Performance” by Zamani Z. [4]; “Performance-driven design with the support of digital tools:
Applying discrete event simulation and space syntax on the design of the emergency department” by
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Morgareidge et al., [22]; and “Investigating the syntax line: Configurational properties and cognitive
correlates” by Haq [28] are some of the articles which received highest citations. These publications
helped establish space syntax as a useful tool in healthcare-built-environment research.

The yearly trend themes produced by R software are depicted in Figure 13. According to the figure,
"hospitals,” “human,” and “space syntax,” are some of the trend themes in this area having the highest
term frequency (26 each) in the year 2019. “Syntactics” scored the highest term frequency (41) in the
year 2017.

CHW AT sty >

Term
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T X R

Figure 13 Trend topics during one decade

The study found gaps in the body of literature that offer prospects for further research. While studies
have examined the effects of space syntax on wayfinding, visibility, and privacy, there is still room for
more investigation into how spatial layouts affect patient outcomes like satisfaction, stress, and
healing. The investigation also uncovered a dearth of research on the use of space syntax in healthcare
settings, including long-term care facilities, pediatric facilities, and specialized healthcare units
opening possibilities for future research.

The findings indicate several implications for upcoming work on space syntax in healthcare-built
environments. To effectively utilize the potential of space syntax analysis, there is a need for expanded
interdisciplinary collaboration. A thorough understanding of the effect of spatial arrangements on
healthcare outcomes can be attained by involving architects, healthcare experts, and researchers from
various disciplines. Future studies should also focus on addressing the geographic disparity found in
the reviewed studies.

V.Conclusion

This research provides a comprehensive view of space syntax in healthcare-built environment research.
Though space syntax has been around for over 40 years, its application in healthcare research has been
encouraging in the last decade. This analysis shows that, before 2013, there was a dearth of research
in the field of space syntax in healthcare. However, the rise in the number of recently published articles
reveals that there has been significant study in this field. It is interesting to note that work in healthcare
research appears to follow the general development pattern of space syntax. While some researchers
closely examine the plan and, depending on their focus, suggest new, frequently composite variables,
others reexamine previous studies to provide greater confidence in the published results. To show
converging results and bolster robust evidence-based design decisions, enough studies should be
conducted of the first kind.
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Despite the vast array of disciplines that comprise healthcare research, the integration of spatial
analysis, as offered by space syntax, is relatively unexplored. This study reveals that few countries
actively participate in the cooperative initiatives, indicating a lack of attention paid to the use of space
syntax in healthcare research. Space syntax has been used in healthcare research by very few authors.
The findings show that the United States is a significant contributor in terms of the number of papers
and number of citations; followed by the United Kingdom. The author Haq S & Zimring C has received
the most citations. The United States has the highest number of corresponding authors. Civil and
Environmental Engineering Department, University of California, Berkeley, United States is the most
productive organization in terms of the number of citations. The document “Just down the road a piece:
The development of topological knowledge of building layouts” authored by Haq et al., [6] in the year
2003 has received maximum citations. The maximum number of journal articles were published in
“HERD: Health Environments Research and Design Journal.”

The analysis illustrates the development of space syntax in healthcare research, identifies major
research subjects, evaluates author productivity and collaboration networks, and highlights the
significance of space syntax studies through citation analysis. By highlighting the necessity of
interdisciplinary cooperation, global representation, and examination of understudied themes, this
analysis adds to the body of existing knowledge and influences future research orientations.
Researchers can increase the use of space syntax in healthcare-built-environment research and improve
healthcare outcomes and patient-centred environments by utilizing the insights provided by this
bibliometric analysis.

The topic in the healthcare-built environment research includes “privacy,” “visibility,” "wayfinding",
"spatial layout", “evidence-based design,” and "healing environments". These limited findings
revealed the need for additional research on space syntax in the built environment of healthcare. The
systematic application of space syntax can provide researchers with fresh approaches for creating an
efficient healthcare-built environment. A thorough investigation of each identified publication could
be done in the future to provide a systematic in-depth perspective on this growing research topic.
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