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Abstract 

Spatial experience has been extensively researched in various fields, with Space Syntax being one of the most widely 
used methodologies. Multiple Space Syntax techniques have been developed and used to quantitively examine 
the relationship between spatial configuration and human experience. However, due to the heterogeneity of syntac-
tic measures and experiential issues in the built environment, a systematic review of socio-spatial topics has yet to be 
developed for Space Syntax research. In response to this knowledge gap, this article employs an ‘intelligent’ method 
to classify and systematically review topics in Space Syntax studies on spatial experience. Specifically, after identifying 
66 articles using the ‘Preferred Reporting Items for Systematic reviews and Meta-Analyses’ (PRISMA) framework, this 
research develops generative probabilistic topic models to classify the articles using the Latent Dirichlet Allocation 
(LDA) method. As a result, this research automatically generates three architectural topics from the collected literature 
data (A1. Wayfinding behaviour, A2. Interactive accessibility, and A3. Healthcare design) and three urban topics (U1. 
Pedestrian movement, U2. Park accessibility, and U3. Cognitive city). Thereafter it qualitatively examines the implica-
tions of the data and its LDA classification. This article concludes with an examination of the limitations of both the 
methods and the results. Along with demonstrating a methodological innovation (combining PRISMA with LDA), 
this research identifies critical socio-spatial concepts and examines the complexity of Space Syntax applications. 
In this way, this research contributes to future Space Syntax research that empirically investigates the relationships 
between syntactic and experiential variables in architectural and urban spaces. The findings support a detailed discus-
sion about research gaps in the literature and future research directions.
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Introduction
Traditional social-spatial theories—for example, Gib-
son’s ground theory (1950) and Kaplan and Kaplan’s 
information theory (1989)—typically used empirical 
methods to examine the collective characteristics of 
human responses to architectural and urban space. Such 
psychological methods have been shown to capture an 

environment’s social and behavioural properties. Still, 
their results are not always reproducible or able to be 
used for predictive modelling (Stamps 2005). In con-
trast, the Space Syntax set of methods, which use topol-
ogy and graph theory mathematics, is a quantitative 
method for understanding and modelling the relation-
ships between space and social patterns. Because Space 
Syntax approaches are independent of social parameters 
(Vaughan 2015), they can overcome some of the limita-
tions of traditional social-spatial research, which relies 
more on human data than spatial data. As a result of its 
emphasis on reproducibility, modelling and spatial data, 
Space Syntax theories and methods have been widely 
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used to explore complex spatial experiences in the built 
environment.

Since the earliest syntactic spatial theories (Han-
son 1998; Hillier 1996, 1999; Hillier and Hanson 1984), 
researchers have demonstrated that spatial configura-
tions have social consequences (Hillier and Hanson 
1984). Hundreds of studies have been completed using 
Space Syntax methods that examine socio-spatial rela-
tionships in cities, urban spaces, and buildings. Further-
more, recent empirical studies have measured various 
experiential or behavioural data to statistically exam-
ine syntactic and experiential relationships in archi-
tectural and urban spaces (Lee et  al. 2023). Research 
topics in these experiential studies are, however, suffi-
ciently diverse and varied that they have largely resisted 
attempts to synthesise knowledge from them. The pre-
sent study addresses this knowledge gap, the lack of a col-
lective view of syntactic and experiential issues, which is 
significant for current architectural and urban research 
and the development of future socio-spatial studies. An 
important first step to addressing this research problem 
is to answer the question: “Which topics have been inves-
tigated in Space Syntax research on spatial experience?” 
To address this question, the present research statistically 
identifies important syntactic and experiential topics in 
Space Syntax research and then systematically reviews 
these to determine their current and future implications.

Achieving this objective requires identifying and clas-
sifying socio-spatial topics investigated in the past before 
extrapolating their implications for future research. The 
present research starts by collating relevant Space Syntax 
studies using the ‘Preferred Reporting Items for System-
atic reviews and Meta-Analyses’ (PRISMA) framework 
(Moher et al. 2009; Page et al. 2021) and then it charac-
terises the topics contained in this research using Latent 
Dirichlet Allocation (LDA) (Asmussen and Møller 
2019; Blei et  al. 2003; Kee et  al. 2019). LDA, an auto-
matic method used for topic modelling, is derived from 
advanced natural language processing (NLP) models. The 
generative process of LDA has several significant advan-
tages over most current methods, including a capacity 
to reveal hidden topics and new insights (Jelodar et  al. 
2019), which is why the present research uses it. Since 
LDA automatically generates a set of topics from the 
data, it is more efficient and arguably more rigorous than 
most common, subjective manual identification methods 
(Kee et al. 2019).

Although the PRISMA framework has been widely 
used in various research communities for systematic 
reviews, there are only a few PRISMA-based reviews 
of Space Syntax research (Sharmin and Kamruzzaman 
2018). Furthermore, most systematic reviews of this 
type in architectural and urban sciences are regarded as 

“scoping” rather than “synthesising” studies (Lee et  al. 
2023), in part because they lack a rigorous process for 
extracting topics or themes from the set of works. This is 
why the present article employs a novel method, wherein 
two frameworks—PRISMA for scoping works and LDA 
for automatic, computational topic modelling—are com-
bined to both “scope” and begin to “synthesise” Space 
Syntax research about spatial experience.

The following section presents a detailed background 
to Space Syntax, its theory, and its techniques. Thereafter, 
a methodology section illustrates the research framework 
consisting of data collection and topic modelling. This 
section includes a detailed description of LDA’s origins 
and specific application. The following sections report 
the results of LDA analysis, focusing on two subsets of 
the data, architectural and urban topics, and their impli-
cations. Three architectural topics are identified using 
LDA, and the research within these is critically discussed, 
identifying synergies, lessons, and knowledge gaps. Then 
three urban spatial topics are reviewed, drawing out 
deeper observations about the relationships between 
them, which LDA assists in understanding. This article 
concludes with a discussion of syntactic and experiential 
topics for future research.

Space syntax theory and techniques
Focusing on two-dimensional (2D) spatial logic, a range 
of Space Syntax techniques have been developed and 
applied to quantify the properties of architectural and 
urban spaces. Three of the fundamental socio-spatial 
principles that underly Space Syntax theory are that 
‘people move in lines’, ‘interact in convex space’, and ‘see 
changing visual fields’ (Hillier and Vaughan 2007; Lee 
and Ostwald 2020), which are referred to as alpha analy-
sis (or ALA), gamma analysis (or CSA), and isovist anal-
ysis (ISA), respectively (Hillier 1996, 1999; Hillier and 
Hanson 1984). Most Space Syntax techniques (Fig.  1), 
developed from these three, operate by converting the 
spatial properties of the built environment into a set of 
nodes and edges in a map or graph, which is then math-
ematically measured to explore socio-spatial relation-
ships. In this way, regardless of whether the method is 
applied to buildings or cities (Hillier and Hanson 1984), it 
can be used to identify spatial topologies and social rela-
tions. However, due to the innate simplicity of topologi-
cal abstraction, the theory has continued to evolve since 
first being proposed in the 1980s. As such, new Space 
Syntax techniques and approaches have been developed 
and tested by many researchers to address limitations 
of the theory and specific contentious issues such as the 
impacts of distance, height, scale and sinuosity on meas-
urements (Netto 2016; Pafka et al. 2020; Ratti 2004).



Page 3 of 20Lee and Ostwald ﻿City, Territory and Architecture            (2024) 11:3 	

Probably, the most common syntactical method, ALA, 
examines ‘straight’ lines of human movement on streets 
or paths, which are treated as ‘axial lines’ on a 2D map 
or plan. In an axial map of a city, for example, street 
intersections become nodes and the streets are edges (or 
links) on an axial graph. The connectivity properties of 
these nodes and edges are then mathematically measured 
using graph theory (Lee and Ostwald 2020). In this way, 
ALA measurements consider the ‘collective set of all the 
possible movements’ in an environment (Hillier 1996) or 
the natural movement of ‘very large collections of people’ 
(Hillier 2012).

Complex human movements and spatial systems 
might not, however, be captured in this simplified topo-
logical view of the built environment. Consequently, 
the traditional ALA approach, often combined with 
geographical information system (GIS) data (Jiang 
and Liu 2009; Srinurak and Mishima 2017), has been 
expanded to improve its measures and their accuracies. 
For example, axial lines can be broken into axial seg-
ments and used to examine angular changes in direc-
tion (Turner 2007). This alternative to conventional 
ALA facilitates consideration of metric distance and 
navigational properties, a criticism of earlier versions 
of the approach (Abshirini and Koch 2016; di Bella 
et al. 2015). Furthermore, while distances can be topo-
logically measured (Marcus and Koch 2016) and topo-
logical (geometric and angular) distances can even be 
superior to metric ones in some urban studies (Chiang 
and Li 2019; Hillier and Vaughan 2007), refinements 
of metric weighting (Kim and Piao 2017) and conven-
tional metric-based measures (Hajrasouliha and Yin 
2014; Scoppa and Peponis 2015) continue to be pro-
posed. Interestingly, two syntactical measures—close-
ness centrality and betweenness centrality—are used 

interchangeably for ‘integration’ and ‘choice’, respec-
tively, in many studies using ALA (di Bella et al. 2015; 
Jayasinghe et al. 2017; Jiang and Jia 2011; Morales et al. 
2017; Omer and Goldblatt 2017; Omer and Jiang 2015). 
However, original centrality measures, developed for 
social network analysis (Feeman 1978), can be used to 
weight ‘metric distance’ (Lee and Ostwald 2020; Lee 
et al. 2022). Nonetheless, the syntactic versions of cen-
tralities are simply based on segmentation and radius 
(Pafka et  al. 2020). Furthermore, street segments can 
be merged either via identification with the same name 
(‘named street’) or through a clear sense of continuity 
(‘natural street’) (Jiang and Claramunt 2004; Jiang and 
Liu 2009), with the latter potentially being superior 
for predicting human activities (Ma et  al. 2018). Such 
street-based topological approaches are considered 
advanced versions of a conventional axial map.

In contrast, CSA and ISA—more commonly known as 
JPG and VGA, respectively—have been used for architec-
tural analysis and have not had the same level of develop-
ment as ALA. The JPG, a more diagrammatic variation 
of CSA, produces a ‘planar graph’ representation of ‘plan 
morphology’ (Steadman 1983), also known as a ‘justi-
fied permeability map’ (Hillier and Hanson 1984). The 
major syntactic idea underpinning CSA or JPG is that 
the enclosure of a space limits or shapes human behav-
iours (Hayward and Franklin 1974; Lee et al. 2016; Ost-
wald 2011). Thus, CSA/JPG has been used to examine the 
spatial configurations of plan layouts. The method does, 
however, usually produce a simple graph that is more 
limited in its capacity to measure experiential properties. 
For example, in the classical CSA or JPG, there cannot be 
two doors (connections or links) between the same two 
rooms (or nodes). A weighted and directed graph analysis 
can, however, overcome this limitation (Lee et al. 2022).

Fig. 1  Space Syntax theory and related techniques
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Interestingly, Hillier and his colleagues acknowledge 
this problem in a JPG, but not in their syntactic measures 
(Hillier et  al. 1987). In contrast, both ISA and VGA are 
related through the use of an isovist—“the set of all points 
visible from a given vantage point in space” (Benedikt 
1979, p. 47)—but they have different levels of empirical 
evidence and applications (Braaksma and Cook 1980; 
Turner et al. 2001). For example, VGA may provide better 
holistic measures like integration, while ISA seems to be 
more useful for capturing the spatial viability character-
istics of specific isovists. Nonetheless, VGA is one of the 
most common Space Syntax methods and is often com-
bined with ALA and/or agent-based simulation (ABS) to 
measure both visibility and permeability structures in the 
built environment.

Space Syntax derives a variety of quantitative descrip-
tions of the topological properties of graphs or maps, 
largely using UCL Depthmap software (Turner 2001; 
Turner et al. 2001), which can then be correlated to vari-
ous aspects of human behaviour. For example, integra-
tion is a normalised measure of distance from any space 
of origin to all others in a system (Hillier and Hanson 
1984). Connectivity is the number of direct connections 
to other spaces or movement paths, and intelligibility is 
the correlation between connectivity and integration 
(Hölscher et al. 2012; Lee and Ostwald 2020). Choice is a 
global dynamic measure that reflects the “flow” or move-
ment through space (Pagkratidou et al. 2020). In ALA and 
CSA, the syntactic properties of spatial configurations 
are usually calculated using topological values derived 
from axial and convex maps. In contrast, ISA can directly 
measure the properties of isovist viewsheds—e.g., isovist 
area, isovist perimeter, max radial, min radial, and Occlu-
sivity—from architectural plans (Lee et  al. 2017). VGA 
also identifies the syntactic properties such as integration 
and connectivity from visibility graphs or maps, in other 
words, visual integration and visual connectivity.

Because of the wide variety of recent syntactic meas-
ures developed for Space Syntax research (Sharmin 
and Kamruzzaman 2018), their interpretations can be 
more complicated than those of conventional topologi-
cal analysis (Lee and Ostwald 2020). For example, the 
standard integration measure has generally been used 
to explore the spatial form of cities and their nonlocal 
properties (Hillier 1999). In contrast, Hillier and his col-
leagues (Hillier 2012; Hillier and Hanson 1984; Hillier 
and Iida 2005; Hillier et al. 2012) suggest that integration 
is more related to destination-based or ‘to-movement’ 
than choice or ‘through-movement’. Thus, mathemati-
cally, both are sometimes interchangeably used for close-
ness centrality and betweenness centrality, respectively 
(Lee and Ostwald 2020), which can lead to confusion in 
the interpretation (Pafka et  al. 2020). Conversely, these 

popular syntactic measures can be enhanced using seg-
ment analysis (SA) to consider metric (‘least length’), 
geometric (‘least angle change’), and topological (‘fewest 
turns’) properties as well (Hillier and Iida 2005). Evidence 
suggests that angular syntactic measures may be superior 
to metric or topological ones (Serra and Hillier 2019).

Space Syntax research is commonly used to com-
pare ‘syntactic’ or spatial connectivity data, with human 
experiential or experimental data relating to move-
ment, behaviour, and perception (Lee et al. 2023). Whilst 
human data can be collected by several research tech-
niques—such as using questionnaires or interviews—
various types of field observations are widely conducted 
to examine actual socio-spatial phenomena in the built 
environment. For example, movement patterns such as 
route and density are developed using ‘gate counting’ 
(Istiani et  al. 2023; Khotbehsara et  al. 2023; Mansouri 
and Ujang 2017; Omer and Goldblatt 2017; Shen and 
Wu 2022) and field observation (Can Traunmüller et al. 
2023; Esposito et al. 2020; Koohsari et al. 2016; Liu et al. 
2018; Nicoletta et al. 2022; Ozbil et al. 2021; Shatu et al. 
2019; Yang et al. 2023; Zhai and Baran 2016), where ALA 
is dominant but VGA is also used as a syntactic method. 
Furthermore, GPS or electronic tracking (Domènech 
et al. 2020; Neo and Sagha-Zadeh 2017; Zhai et al. 2018; 
Zhang et  al. 2020; Zheng et  al. 2022) and video record-
ing (Hölscher et al. 2012; Karthika et al. 2022; Tzeng and 
Huang 2009) are used for this purpose. In addition, snap-
shot observation is used to capture and categorise human 
behavioural data (e.g., playing, sitting, standing, talking, 
and walking) (Askarizad and Safari 2020; Can and Heath 
2016üş and Yılmaz 2022; Zerouati and Bellal 2020). In 
this way, observation techniques are frequently used to 
develop human movement and behavioural data in Space 
Syntax research on spatial experience.

In summary, researchers argue that the adaption of 
syntactical measures to new aspects of socio-spatial the-
ory should remain a priority (Netto 2016). Likewise, the 
socio-spatial dimension of human experience or behav-
iour in the built environment is an important area where 
complex new research is being undertaken, much of 
which is difficult to formalise or conceptualise in a col-
lective way. For this reason, the classification of syntac-
tic and experiential topics in Space Syntax research is the 
focus of the present research.

Research methodology and material
Research framework
As illustrated in Fig.  2, this study identifies relevant 
research articles using PRISMA and then classifies 
syntactic and experiential topics in the collected data 
using LDA topic modelling. Compared to the original 
four-phase data collection (‘identification’, ‘screening’, 
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‘eligibility’, and ‘included’), the PRISMA 2020 (Page 
et  al. 2021) framework combines screening and eligibil-
ity into a single phase, which is used in the present data 
collection. Importantly, abstracts extracted from rel-
evant research articles are used as data for topic model-
ling. Although different types of textual data could have 
an impact on topic modelling (Syed and Spruit 2017), 
abstract data is the most valuable and also the most fre-
quently used in text-mining methods (Fang et  al. 2018; 
Heimerl et  al. 2014; Syed and Spruit 2017; Wu et  al. 
2012).

Whereas topic modelling in isolation collects text 
data or documents without any preliminary filtering 
(AlSumait et  al. 2008; Blei et  al. 2003; Kee et  al. 2019), 
the present research collects document data more for-
mally through PRISMA. After the preprocessing of the 
collected abstracts (tokenization, stopwords, and stem-
ming), the topic modelling stage in Fig. 2 uses LDA, one 
of the most accepted topic modelling methods in a vari-
ety of fields (Fang et al. 2018; Wu et al. 2012). Finally, the 
present research infers and classifies syntactic and expe-
riential topics. There are several possible open-source 
Python and MATLAB codes for this type of NLP and 
topic modelling. For the present application, after assess-
ing several Python libraries, the final LDA algorithm was 
developed from Barber’s work (Barber 2023).

Data collection
As this study is concerned with syntactic and experi-
ential issues in Space Syntax research, the search string 
for online research databases used two initial keywords 
‘space syntax’ and ‘experience’, to identify studies focus-
sing on experiential data for correlational analysis. This 
study tested alternative keywords like ‘behaviour’ or 
‘social’ to find appropriate socio-spatial issues, but their 
applications resulted in thousands of articles being 

identified, a structured review of which identified that 
many were irrelevant to the theme. Finally, the keywords 
‘experiment OR test’ were included in the search string 
to target case studies rather than reviews or theoretical 
articles.

In November 2021, the first data collection, online 
database search, was conducted using nine online data-
bases (Emerald Insight, JSTOR, MDPI, SAGE Journals, 
Science Direct, Taylor & Francis Online, UCL Discov-
ery, Web of Science, and Wiley Online Library). These 
encapsulate primary refereed journals in architecture 
and urban design. The initial search identified 1317 arti-
cles. Following screening of the initial data by title and 
abstract, two researchers assessed the quality of articles 
for eligibility by an independent full-text review with a 
simple rating system. Finally, the online database search 
selected 26 articles. The second data collection, cita-
tion search, was then conducted to ensure all impor-
tant papers were included in the identification process. 
From the 26 articles, the forward and backward citation 
searches identified 1801 potential records but finally 
included 12 articles. In this way, after a methodological 
pilot test with the initial data set, the third literature col-
lection was done in June 2023, adding 28 articles. Collec-
tively, this review examines 66 refereed journal articles 
(see also Additional file 1: Table S1).

The collected data consists of 27 architectural stud-
ies that deal with various architectural spaces, ranging 
from ‘house’ (Marquardt et al. 2011; Zeng et al. 2020) to 
‘hospital’ (Alalouch and Aspinall 2007; Geng et al. 2021; 
Tzeng and Huang 2009), and 39 urban studies, the pri-
mary foci of which are ‘neighbourhoods’ (Can and Heath 
2016; Esposito et al. 2020; Hidayati et al. 2021; Ozbil et al. 
2021; Zerouati and Bellal 2020) and ‘parks’ (Chiang and 
Li 2019; Sheng et  al. 2021; Zhai and Baran 2016; Zhai 
et al. 2018). As such, two distinct categories of syntactic 

Fig. 2  Research framework consisting of data collection and topic modelling
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and experiential topics, architectural and urban, are iden-
tified and the topic modelling is separately run for both 
types.

Topic modelling
Data preprocessing
Data preprocessing uses NLP, a subfield of artificial intel-
ligence (AI), which enables machines to understand and 
analyse natural language data. There are generally three 
preprocessing steps in topic modelling, tokenization, 
stopwords, and stemming (AlSumait et  al. 2008; Barde 
and Bainwad 2017; Syed and Spruit 2017). First, tokeniza-
tion separates a text into sentences, then into words. That 
is, it breaks down the given text into the smallest units, 
so-called “tokens”. The present research uses the NLTK 
(Natural Language Toolkit) library package for statistical 
NLP for English written in Python for this purpose.

After tokenizing collected abstracts, the next step 
is removing stopwords such as “a”, “to” and “describe”. 
Whilst the NLTK package provides a list of stopwords, 
the present research uses the stop-words package, which 
provides common lists of stopwords in various lan-
guages in Python, and updates it with one of the most 
comprehensive collections of stopwords (https://​github.​
com/​stopw​ords-​iso/​stopw​ords-​en/). Furthermore, gen-
eral words in Space Syntax research articles (e.g., space, 
syntax, space, approach, finding, result, etc.) are also 
excluded. In this way, meaningful words for inferring 
syntactic and experiential topics remain in the corpus of 
abstracts. In the stemming process, the tokenized words 
are further converted and shortened into their root 
form, removing morphological affixes. For this article, 
the NLTK Porter stemmer is used for this purpose. For 
example, stemming “change”, “changed”, and “changing” 
returns “chang”, “chang” and “chang”.

In summary, the collected abstracts are transformed 
using NLP through these three data preprocessing steps 
into clean and consistent texts. For example, a sentence, 
“this paper argues that the evaluation of architectural 
spaces as numerical entities can identify seemingly ran-
dom patterns of movement behaviour”, is converted 
to a set of tokens, [‘argu’, ‘evalu’, ‘architectur’, ‘numer’, 
‘entiti’, ‘identifi’, ‘seemingli’, ‘random’, ‘pattern’, ‘movement’, 
‘behaviour’], which is then fed into the LDA model for 
Machine Learning (ML).

LDA topic modelling
LDA, first introduced in 2003 (Blei et al. 2003), is a gen-
erative probabilistic model that extracts topics from 
collections of texts or documents, based on topic prob-
abilities (AlSumait et  al. 2008; Blei et  al. 2003; Jelodar 
et al. 2019; Kee et al. 2019) and semantic similarities (Blei 
et al. 2003). Overcoming the limitations of previous topic 

modelling methods—such as Latent Semantic Index-
ing (LSI), Probabilistic Latent Semantic Analysis (PLSA) 
and Vector Space Model (VSM)—LDA is widely used to 
capture the heterogeneity of large research topics and to 
identify a set of core topics using particular words (AlSu-
mait et al. 2008; Jelodar et al. 2019; Syed and Spruit 2017). 
LDA topic modelling treats a document as a combina-
tion of topics (Barde and Bainwad 2017) and each topic 
as a “multinomial distribution” over the fixed vocabulary 
or dictionary (Blei et al. 2003; Syed and Spruit 2017). A 
word (or token in this research) is the basic unit and an 
item from a vocabulary (Blei et  al. 2003) After convert-
ing documents to a “bag of words” (BoW) representation 
using the vocabulary, LDA topic models identify a set of 
topics consisting of a set of words and their topic propor-
tions, based on probability distribution (Blei et al. 2003). 
In addition, LDA models were built using the Gensim 
Python library, which has been frequently adopted for 
this purpose (Barde and Bainwad 2017; Syed and Spruit 
2017). In this way, LDA topic modelling identifies mean-
ingful topical mixtures within the given abstract data. In 
LDA, the best model (the number of significant topics) 
could be determined by perplexity and coherence scores 
(AlSumait et  al. 2008; Blei et  al. 2003; Syed and Spruit 
2017), which were also used in the present research. In 
the Gensim library, ‘log_perplexity’ is calculated for this 
purpose. Since it returns per-word likelihood bound, a 
small ‘log_perplexity’ score implies deterioration. Thus, 
topic models with bigger scores are selected in the Gen-
sim algorithm. In contrast, a coherence score reveals the 
degree of semantic similarity between words related to a 
topic. A higher coherence score generally indicates a bet-
ter model. There are two coherence measures (CV and 
CUmass) frequently used for this purpose (Mimno et  al. 
2011; Röder et al. 2015; Stevens et al. 2012). The former is 
based on pointwise mutual information and cosine simi-
larity, while the latter focuses on a word co-occurrence 
statistic dealing with topic quality (Dahal et al. 2019). The 
present research uses CUmass in the Gensim library to vali-
date the quality of topic models  (Röder et al. 2015; Ste-
vens et al. 2012).

Another crucial factor is the quantity of iterations 
(trains). Theoretically, coherence scores increase over the 
iterations (Bunk and Krestel 2018; Katarya et  al. 2022). 
That is, more is better, but training time increases with 
the number of iterations. The precise figure varies in 
applications. For example, Katarya et  al. (2022) use 30 
iterations, while AlSumait et al. (2008) use 500 iterations. 
Finally, classifying topics in topic modelling tends to tar-
get a small number of topics, often three (Kee et al. 2019; 
Stracqualursi and Agati 2022; Syed and Spruit 2017). 
Given the scope of the current research, a small topic 
number (e.g., k = 3 to 6) is both viable and desirable. In 

https://github.com/stopwords-iso/stopwords-en/
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summary, following standard practice in past research 
(AlSumait et  al. 2008; Blei et  al. 2003; Syed and Spruit 
2017), when determining and validating the best topic 
model, this research considers perplexity and coherence 
scores, as well as the number of iterations.

Classification and interpretation
The final process of LDA topic modelling is the classifi-
cation and interpretation of the model outputs. Again, 
the LDA produces a set of topics with a mixture of words 
(AlSumait et al. 2008; Jelodar et al. 2019; Syed and Spruit 
2017). That is, each topic cluster is labelled by the most 
frequent words. To do this, the LDA topic modelling 
produces the three most frequent words per topic. Each 
word or token is also presented with a respective beta 
value which is the probability of its occurrence within a 
topic (Kee et al. 2019). In addition, the final topic model 
is verified using an inter-topic distance map using prin-
cipal component analysis and multidimensional scaling 
using the LDAvis library, because LDA using a Bayesian 
model is based on random mixtures over latent topics 
(Blei et al. 2003). Finally, a simple word cloud is presented 
to help readers intuitively understand topic words in a 
topic model.

Results
LDA topic model training
The architectural corpus for the first LDA topic mod-
elling consists of 27 abstracts. After multiple trials, 
the LDA topic model training focuses on the optimal 
topic number (k). First, the number of iterations can be 

determined with k as illustrated in Fig.  3, where coher-
ence scores (CUmass) are used as the index. Unexpect-
edly, the coherence scores in the figure fluctuated every 
5 iterations. Nevertheless, over the first 200 iterations, 
both k = 3 and k = 6 displayed relatively higher coher-
ence scores. Using perplexity scores for confirmation, the 
combination of k = 3 and 155 iterations was identified as 
ideal for the Architectural corpus topic modelling. Using 
the same process, the urban corpus consisting of 39 
abstracts uses the combination of k = 3 and 165 iterations 
for the topic modelling.

Syntactic and experiential topics
Architectural topics
Considering LDA’s random distribution, the sets of archi-
tectural topics generated by LDA were examined with 
their inter-topic distance maps. After multiple runs were 
completed, a topic model consisting of three topics was 
identified (Table  1) and then verified by the inter-topic 
distance map in Fig. 4. The first topic labelled ‘wayfinding 
behaviour’, encompasses the combination of ‘wayfinding’, 
‘behaviour’, and ‘location’, covering 43.1% of tokenized 
words. Following this same method, the next two topics 
are ‘interactive accessibility’ (A2) and ‘healthcare design’ 
(A3). Considering the fourth and fifth tokenized words of 
the second topic such as ‘visibility’ and ‘physical’, the sec-
ond topic encapsulates research about accessibility issues 
in various spatial units. Since medical space is a popu-
lar subject in recent Space Syntax research (Lee et  al. 
2023), it is not surprising that the LDA topic modelling 

Fig. 3  Coherence scores for the first 200 iterations for the architectural corpus by the number of iterations topic (k = 3 to 6)

Table 1  Three architectural topics with topic words

No. Topic label Topic words with a contribution Token coverage

A1 Wayfinding behaviour wayfinding (0.019), behaviour (0.012), location (0.012) 43.1%

A2 Interactive accessibility unit (0.019), interact (0.015), access (0.013) 34.4%

A3 Healthcare design hospital (0.019), pandemic (0.015), macrocognition (0.013) 22.5%
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developed a distinct healthcare topic. ‘Pandemic’ also 
contributes 15% to the last health-related topic.

As the last step in the LDA process, Fig.  5 is a word 
cloud developed from the architectural data. Excluding 
stopwords, the top 10 key words in order of frequency 

are wayfinding, design, behaviour, visibility, location, hos-
pital, environment, social, interaction, and patient. These 
ten words could also encapsulate the most frequent and 
potentially important keywords in this architectural 
area of Space Syntax research. They reflect the growing 
research focus on process, place and people, as key syn-
tactic and experiential factors. For example, wayfinding, 
visibility, and interaction can be categorised as part of 
the socio-spatial process dimension. Likewise, location, 
hospital, and environment belong to the place dimen-
sion. Lastly, future socio-spatial research should expand 
consideration of the people dimension (e.g., patient and 
visitor). This additional categorisation of socio-spatial 
factors potentially offers some insights which could be 
explored in a follow-up study.

Urban topics
Table 2 identifies three significant urban topics with their 
top topic words as determined by the LDA topic model-
ling. Based on topic words, the three topics are ‘pedes-
trian movement’, ‘park accessibility’, and ‘cognitive city’. 
The first observation about these topics is that they are 
quite different from the architectural ones in Table 1. For 
example, whilst ‘wayfinding’ is the most frequent topic 
word in the architectural data, ‘pedestrian movement’ is 
the most significant factor in the urban research. Several 

Fig. 4  The inter-topic distance map of three architectural topics

Fig. 5  LDA word cloud developed from the architectural abstract corpus (higher word frequency is reflected in larger words)

Table 2  Three urban topics with topic words

No. Topic label Topic words with a respective beta value Token 
coverage 
%

U1 Pedestrian movement pedestrian (0.022), movement (0.014), function (0.010) 35.3

U2 Park accessibility park (0.032), street (0.018), access (0.011) 33.7

U3 Cognitive city activity (0.013), city (0.013), cognition (0.012) 31.0
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urban topic words also focus on place (e.g., ‘park’ and 
‘city’) and user (e.g., ‘pedestrian’). In this context, the 
first topic, accounting for 35.3% of topic coverage, rep-
resents the combination of ‘pedestrian’, ‘movement’ and 
‘function’. The second topic highlights ‘park accessibility’, 
including ‘park trail’ or ‘urban trail’. In contrast, the last 
topic focuses on socio-spatial activities to improve the 
image of a city.

Figure  6 presents a word cloud derived from the 
abstracts of the urban articles, identifying the 50 most 
frequent specific words. The top 10 words in order of 
frequency are street, park, pedestrian, social, public, city, 
accessibility, behaviour, walkability, and movement. The 
urban research was focused on both environmental and 
socio-spatial factors, which were also captured by the 
LDA (Table 2), in the ‘place’ dimension (street, park, and 
city). This result is noteworthy because the architectural 
research highlights ‘wayfinding’ and ‘interaction’. For 
example, ‘accessibility’, ‘walkability’, and ‘movement’ are 
addressed in the data. Collectively, Fig.  6 indicates the 
complexity of spatial experiences in urban environments, 
which is discussed in the following section.

Space Syntax topics and their implications
Since the syntactic and experiential topics identified in 
this article have multiple implications for current and 
future research, each topic generated by the LDA topic 
modelling is further discussed with relevant articles in 
the collected data and key references.

A1. Wayfinding behaviour
Research on wayfinding behaviours is dominant in the 
architectural data. First, holistically investigating ver-
tical and multilevel wayfinding behaviours, Hölscher 
et  al. (2012) confirm the predictive power of syntactic 

measures such as connectivity and integration. Although 
their study reviews past wayfinding experiments and per-
formance measures, the combined route-based approach 
of ALA and VGA was used to distinguish between expe-
rienced and inexperienced participants’ wayfinding per-
formances. Li and Klippel (2012) also investigate the 
relationship between spatial configurations and wayfind-
ing behaviours in a multiple-level building and echo the 
view that syntactic measures such as visibility (VGA) and 
connectivity (ALA) are effective for examining human 
wayfinding performance. In contrast, Nubani et al. (2018) 
carefully validate the relationship between VGA-focused 
data (visual integration and isovist area) and the num-
ber of visits a person makes to a space. Specifically, they 
measure the visual saliencies of specific locations using 
an object-based salience rating. In this way, affirming 
general socio-spatial phenomena in past studies, they 
validate individual cognitive mapping assumptions in 
Space Syntax research. De Cock et al. (2022) also inves-
tigate individual spatial cognitions by VGA and isovist 
measures. Interestingly, unlike conventional Space Syn-
tax research on wayfinding, they focus on the differences 
in wayfinding and gaze behaviours in a virtual reality 
(VR) environment to reveal the impact of route instruc-
tion types on cognitive load or attention. Recent wayfind-
ing research in architecture, like these examples, is often 
focused on individual spatial cognition processes. Along 
with individual experience, visual salience, signage, and 
sense of direction should all play a role in influencing 
wayfinding performance.

To compare wayfinding behaviours in Chinese and 
Australian hospitals, Geng et  al. (2021) adopt a visi-
bility-focused approach using a combined VGA, ISA, 
and ABS method Their observations include considera-
tion of building typologies and design elements such as 

Fig. 6  LDA word cloud developed from the urban abstract corpus (higher word frequency is reflected in larger words)
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colour-coded floors, family-friendly design, and nature-
integrated environments. Their study is, however, limited 
to differentiations of syntactic variables using descriptive 
observations. This type of comparative research is use-
ful in the Space Syntax community, but it would be more 
valuable if conducted in conjunction with the appropri-
ate experiential variables identified in this review. In 
contrast, Tzeng and Huang (2009) conduct an in-depth 
investigation into behavioural (e.g., stop, search, decide, 
and legibility) and visual (e.g., signage) content for way-
finding design. Specifically, in their research data are ana-
lysed in terms of wayfinding frequency and distribution. 
The categorisation of wayfinding content is also applica-
ble to future behavioural research in the built environ-
ment. However, rather than the relationship between 
socio-spatial variables, their analyses are focused on the 
individual influence of spatial, behavioural and visual 
factors on wayfinding. Interestingly, these two wayfind-
ing articles dealing with ‘medical space’ include a greater 
level of consideration of design elements than the way-
finding research in the rest of the ‘architecture’ set of 
articles. Recently, Khotbehsara et  al. (2023) investigate 
the impact of the COVID-19 pandemic on visitors’ way-
finding behaviours in hospitals, using a hybrid method 
of syntactic measures and simulations (ALA, ABS, VGA, 
and ISA) as well as diverse empirical data (gate counting, 
people following, and interview). A comparison between 
the collected data before and after the pandemic strongly 
suggests the need for accessibility and legibility in post-
pandemic healthcare centres.

A2. Interactive accessibility
In terms of ‘social interaction’, the research of Ferdous 
and Moore (2015) presents a rigorous ‘spatial behaviour 
interaction model’ consisting of spatial variables (visibil-
ity and proximity) and behaviour (visible co-presence, 
movement, and interaction), which might be major 
socio-spatial properties in Space Syntax research. Specifi-
cally, their two levels (low and high) of social interactions 
are useful for interpreting the interactional outcomes of 
architectural configuration. However, the use of VGA 
measures in isolation might be limited to comprehen-
sively investigating people’s behaviours with dementia. 
Büyükşahin (2023) also uses VGA to examine the impact 
of the COVID-19 pandemic on spatial preferences and 
behaviours in shopping malls, focusing on human-
space interaction. The results of survey discover some 
changes in spatial preferences and usage habits after the 
pandemic, but the relationship between spatial configu-
ration and human behaviour is rarely discussed in the 
article. In contrast, O’Hara et al. (2018) present an ISA-
focused approach to examine situated macro-cognitive 
interactions in a healthcare environment, providing an 

in-depth analysis of observation and focus group data. 
Furthermore, their study explains formal and informal 
interactions with Space Syntax constructs (not syntac-
tic measures) developed from the human data analysis, 
which would be useful for examining more qualitative 
characteristics in the built environment. This focused 
ethnographic approach could offer an alternative to expe-
riential data analysis in terms of qualitative evidence, 
that is rarely applied in Space Syntax research. In con-
trast, Zeng et  al. (2020) develop a novel framework to 
investigate physical and psychological changes in cultur-
ally initiated spatial regeneration. Specifically, a bilinear 
measurement model of acculturation is used to quantify 
complex cultural identity, while a JPG is used to measure 
spatial transformation and develop architectural geno-
types. In this way, the relationship between spatial and 
cultural data is presented in their study.

‘Interactive accessibility’ is also associated with envi-
ronmental psychology. For example, Keszei et  al. (2019) 
examine the capacity of Appleton’s prospect-refuge the-
ory to capture the causes of different interactive behav-
iours in the built environment. While Space Syntax 
methods have been used in environmental psychology, 
the comparison of two distinct types of social situations 
(prospect-demanding and refuge-demanding) is novel. 
However, their simulated case study using VGA is based 
on a simple spatial program and the impacts of design-
ensembles in the 3D space on syntactic measure and 
seating choice are not clearly discussed. Visibility should 
be a major socio-spatial factor in architectural research, 
but environmental factors (e.g., nature and ceiling height) 
might be more important psychologically, than simple 
spatial layout. For example, Yaseen and Mustafa (2023) 
present a syntactic study on biophilic design param-
eters in school buildings, highlighting the visibility of 
nature-connectedness. Although their research is based 
on VGA, it develops new parameters such as visibility of 
nature, visual permeability, and naturalness of view. In 
this way, spatial syntax can be complementary to ‘nature 
syntax’ in design evaluation.

Particularly, ‘accessibility’, a fundamental Space Syn-
tax issue in both architectural and urban studies, is often 
closely related to the other topics. For example, it can be 
linked to ‘A1. wayfinding behaviour’ as well as healthcare 
research. Omer and Goldblatt (2017) use ALA and SA 
to investigate the structure of movement patterns and 
flows in two shopping malls. They adopt Q-analysis as a 
segment-based approach, capturing connectivity as well 
as topological and metric mean depths. Consequently, 
their combined approach has the potential to reveal 
both individual movement paths and their aggregate 
patterns at the same time, which are rarely addressed in 
past research. Q-analysis is a complementary technique 
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to traditional SA and eccentricity measure is a promising 
development. Their applications and interpretations in 
socio-spatial research do, however, require further clari-
fication and assessment. In addition to the use of axial 
line-based approaches, ABS can be a useful technique 
for this purpose. For example, Kim and Kim (2023) reveal 
that ABS can explain pedestrian interactive behaviours 
seeking the shortest paths between ticket gates and sta-
tion entrances in a subway station. In contrast, Aknar 
and Atun (2017) present a unique approach to reveal-
ing ‘sub-integration’ locations that are neither integrated 
nor segregated spatially. Their approach using VGA is, 
however, limited to one dimension of syntactic variables, 
visual integration, disregarding other socio-spatial fac-
tors like spatial function. In addition, although their use 
of Fibonacci retracements can improve the predictive 
capacity of syntactic results, spatial selection behaviours 
(choosing seating, for example) might be more impacted 
by other design elements such as light, material, and 
furniture. In contrast, ALA using a fully furnished plan 
layout could provide a complementary approach to this 
problem. These new topological measures over tradi-
tional approaches might be valuable, but the definitions 
and interpretations of various measures might be on-
going issues in the Space Syntax communities.

A3. Healthcare design
In addition to wayfinding behaviours (Geng et  al. 2021; 
Tzeng and Huang 2009) in hospitals, discussed in the first 
topic (A1), the architectural studies dealing with medical 
spaces have multiple ramifications for socio-spatial inter-
action or usability in healthcare facilities (Ferdous and 
Moore 2015; Li et al. 2022; Neo and Sagha-Zadeh 2017; 
O’Hara et al. 2018; Rashid et al. 2014, 2016). Rashid et al. 
(2014), for example, explore behavioural and psychologi-
cal responses in ICUs using a combined method of ALA 
and JPG, presenting statistically significant correlations 
between interactive behaviours and syntactic proper-
ties. Although there is a limitation arising from the data 
collection method, Rashid et  al.’s work offers a cogent 
description of the socio-spatial factors in the built envi-
ronment. The discussion, however, about different types 
of integrations (axial and node) and their relationship 
with different behaviours could be further articulated 
using Hillier’s (1999) line and topological representation 
of space. Researchers also suggest that the use of snapshot 
observations (Askarizad and Safari 2020; Can and Heath 
2016; Zerouati and Bellal 2020) could capture additional 
interaction behaviours. In a similar study, Rashid at al. 
(2016) highlight physical (ALA) and visual (VGA) acces-
sibilities to investigate staff perception and interaction in 
ICUs. Interestingly, they find that axial integration might 
be less important than visual integration in predicting 

social interactions. This result also reinforces the deci-
sion, seen in many architectural studies in this review, 
to use VGA to examine socio-spatial factors. However, 
although experiential data is collected from both a sur-
vey and observations, Rashid at al.’s (2016) regression 
analysis is limited to the effect of syntactic properties on 
interaction frequency and length. The quality of interac-
tion or behaviour is not addressed. Ferdous’ and Moore’s 
study (2015) and O’Hara et al.’s research (2018) discussed 
in the previous topic (A2. Interactive accessibility) are 
both pertinent for this purpose. In contrast, Neo and 
Sagha-Zadeh (2017) measure visibility and global traffic 
flow scores based on Space Syntax theory, to optimise 
the locations of hand sanitising stations (HSS) in health-
care environments. Specifically, they present statistically 
significant regression models using electronic tracking 
data. Recently, in response to the COVID-19 pandemic, 
Li et al. (2022) examine the social organisations of Fang-
cang shelters (large-scale, temporary hospitals in China), 
using interview and social media data. Even in the most 
isolated spaces—akin to ‘total institutions’—spatial struc-
tures have an impact on patients’ collective interactions 
and emotional stimulation.

Architectural research on healthcare design also 
addresses specific users’ behaviours and perceptions 
(Alalouch and Aspinall 2007; Cai and Spreckelmeyer 
2022; El-Hadedy and El-Husseiny 2022; Joshi et al. 2023; 
Nicoletta et  al. 2022). The research of El-Hadedy and 
El-Husseiny (2022), for example, examines the spatial 
configuration of a healthcare facility, with a focus on 
sites where workplace violence has occurred. They iden-
tify crime prevention through environmental design 
(CPTED) features as important socio-spatial factors that 
influence human behaviours. Cai and Spreckelmeyer 
(2022) analyse nursing unit designs using a combination 
of VGA and ISA, comparing with the post-occupancy 
evaluation (POE) results of hospital patients. However, 
in both articles, experiential data—field observations, 
interviews, and POE—are only treated descriptively and 
subjectively with reference to syntactic measures. In 
contrast, comparing six wards, Alalouch and Aspinall 
(2007) use VGA to statistically reveal that the general 
perception of private locations in plan layouts is posi-
tively related to visual integration. Despite the high levels 
of significant differences in their study, its generalisabil-
ity remains unclear. Furthermore, the study did not con-
sider users in hospitals or 3D environmental factors, both 
of which would affect the results. Nicoletta et al. (2022) 
investigate the spatial layouts of two maternity unit set-
tings using VGA, ISA, and JPG, identifying relationships 
between syntactic data and mothers’ and midwives’ per-
ceptions. Likewise, Joshi et  al. (2023) examine the rela-
tionship between visual exposure at handoff locations 
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(using isovist connectivity) and physicians’ perceptions 
(interruptions, privacy, and collaboration). Acknowledg-
ing contextual variables and other factors impacting on 
their results, they demonstrate significant differences in 
the socio-spatial characteristics of three distinct physi-
cian workstations.

U1. Pedestrian movement
Pedestrian movement in urban space is, obviously, a 
dominant socio-spatial focus of the collected urban data. 
For example, Yang and Vaughan (2022) investigate how 
pedestrian movement is impacted by street configura-
tion (centrality), functional uses, and physical structures 
(e.g., land number, sidewalk, and tree), before they reveal 
significant differences between the effects of gated and 
non-gated housing estates. Yıldırım and Çelik (2023) also 
explore important determinants of pedestrian movement 
in historical centres through VGA, behavioural map-
ping, and an evaluation survey (sense of place and con-
tent). Specifically, density, activity, and mobility maps 
are generated by pedestrian counting and observation. 
Based on Gordon Cullen’s theory of pedestrian percep-
tion, it is clear, both quantitatively and qualitatively, that 
spatial configuration influences pedestrian movement 
and behaviour. Likewise, Domènech et  al. (2020) reveal 
the relationship between spatial characteristics and tour-
ists’ behaviours, identifying several indicators for specific 
behaviours. In addition to ALA measures, they calculate 
other factors—mobility, physical attributes, commercial 
activity, and visibility—which affect walkability in a city. 
GPS data is used for measuring mobility, and Terrain 
Elevation Model, Laser Imaging Detection and Ranging 
(LiDAR) and a field survey are used to develop physical 
attributes (slope, vegetation, and maximum car speed, 
respectively).

Visibility properties of points of interest (POIs) are 
manually measured in the field, but VGA or ISA might 
also be useful for this purpose. Collectively, Domènech 
et  al.’s multi-dimensional framework is clearly veri-
fied with an extensive data set and regression analyses, 
whereas their time-based mobility and topographical ele-
ments require further clarification. In contrast, Koohsari 
et al. (2016) address associations between walkability and 
syntactic indexes. A walkability index is calculated using 
residential density, intersection density, retail floor area 
ratio and land use mix, while a Space Syntax walkability 
index is developed from gross population density and the 
integration of ALA. In this way, Koohsari et al. reveal the 
impacts of both walkability indexes on walking, although 
their findings rely on self-reported measures. While these 
studies focus on walkability, their ALAs notably include 
motorways as part of their maps. Such methodological 
limitations often exist in Space Syntax research and while 

they are common, they should be addressed by future 
researchers.

Urban studies frequently examine the impact of syn-
tactic values (shortest path and least directional change) 
on pedestrian route choice (Chiang and Li 2019; Hillier 
1999; Hillier and Iida 2005; Jiang 2009; Karthika et  al. 
2022; Zhang and Chiaradia 2022), which is closely related 
to wayfinding research. The research of Ozbil et  al. 
(2021), for example, reveals a strong correlation between 
street network connectivity (metric reach and directional 
reach) and children’s active school travel. They further 
measure other factors such as land use, street design and 
streetscape, some of which are related to walkability to 
and from school. Like Ozbil et  al.’s study (2021), Shatu 
et  al. (2019) also collect street characteristics (sidewalk, 
land use, and traffic) and pedestrian travel routes using 
a self-reported questionnaire. Their findings suggest 
that two syntactic values, distance and direction, could 
explain more than 50% of route choice, which is in line 
with past Space Syntax results. At the same time, they 
indicate the importance of other environment factors in 
creating a pedestrian-friendly urban design. In contrast, 
Mansouri and Ujang (2017) also reveal that the diver-
sity of land uses and street activities are more influen-
tial than street connectivity. Furthermore, they find no, 
or negligible, correlations between pedestrian intensities 
and integration values of multiple POIs. Although their 
study is limited to historical districts, gate observation 
and integration measured from ALA, the results imply 
that multi-dimensional factors collectively impact on 
walking behaviours in an urban system. From this point 
of view, Hidayati et  al. (2020) discuss safe and inclusive 
environments through a combined analysis using ALA 
and SA. They also highlight that pedestrian accessibil-
ity is related to land uses and inhabitants’ perceptions of 
walking environments. Except for a correlational analysis 
of school locations and vehicular or pedestrian through-
movements, however, their study is largely descriptive. 
Nonetheless, it provides insights into how Space Syntax 
research can address the dynamic socio-spatial factors 
of transport, land use and social integration in urban 
planning.

Recent research interests in pedestrian movement 
include those examining spatial vitality in urban under-
ground space (Xu and Chen 2022), quantifying visuo-
functional spaces (Shen and Wu 2022), and comparing 
3D multi-level pedestrian networks (Zhang and Chi-
aradia 2022). These studies provide unique analytic or 
syntactic approaches. For example, Xu and Chen (2022) 
highlight the spatio-temporal use of urban underground 
spaces, along with two syntactic measures such as acces-
sibility and visibility. They also consider the relationship 
between spatial vitality (cross-sectional pedestrian flow) 
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and physiological environment (illumination, tempera-
ture, and wind speed). Shen and Wu (2022) present a 
new version of VGA, functional visibility graph analysis 
(FVGA), which develops three basic measures (visible 
function size, entropy, and mean angular depth step) and 
advanced ones (visual function connectivity, function 
visibility, and visible function closeness). Using social 
media check-in data, the FVGA model at the pedestrian 
scale precisely reveals the short-term transformation of 
the visual landscape. Lastly, Zhang and Chiaradia (2022) 
not only extract 3D indoor and outdoor multi-level 
pedestrian networks, but also use a 3D hybrid angular-
Euclidean analysis. In this way, they overcome some con-
ventional criticisms of 2D axial line models and improve 
pedestrian route choice, wayfinding, and movement 
research.

U2. Park accessibility
Accessibility of, or movement through, parks has also 
been widely explored in past research. First, in terms of 
accessibility, the research addresses topological proxim-
ity to parks. Chiang and Li (2019) examine the metric or 
topological proximity, its relationship to the frequency of 
visits to parks, and to perceived stress. Topological prox-
imity is a significant predictor of visits and stress, while 
their study finds metric proximity less effective for this 
purpose. This result confirms past research (Hillier 1996; 
Shatu et al. 2019), while some other factors identified as 
similarly significant—qualities of parks, attractions, and 
environmental designs—are not considered in Chiang’s 
and Li’s study. For example, urban density and visibility 
would also impact on perceived urban stress (Knöll et al. 
2018). Safaie Ghamsary et  al. (2023) also measure the 
impact of land use and accessibility on public presence 
in a historical neighbourhood to effectively locate pocket 
parks. ALA (connectivity, integration, and mean depth) 
is used to investigate residents’ access in the neighbour-
hood, while a survey develops land use and accessibility 
indices. Likewise, Can Traunmüller et  al. (2023) exam-
ine park accessibility through the combined approach of 
ALA and SA. Particularly, their study presents multiple 
regression analyses to examine how the number of park 
users is impacted by syntactic data (e.g., integration and 
choice) as well as various ethnographic data (e.g., popu-
lation size, facility score, and park safety) collected from 
field observations.

In contrast, Zhang et  al. (2020) investigate visitors’ 
movements within a park. Their spatio-temporal meas-
urement using GPS tracking data is similar to Domènech 
et  al.’s study (2020), but Zhang et  al. use a VGA-only 
approach with a convex map of the park, instead of 
ALA. In theory, this approach to walkability could con-
nect to wayfinding research in architectural space. 

Other socio-spatial factors such as individual experi-
ence, signage, and sense of direction (Nubani et  al. 
2018; Tzeng and Huang 2009) could also be examined in 
future research. In addition, a combined ALA and VGA 
approach for this purpose could be beneficial. Zhai and 
Baran (2016) also use a modified CSA but employ graph-
based syntactic measures. Interestingly, they segment 
pathways in a park which are then regarded as nodes in 
a justified graph (syntactic measure) as well as observa-
tion points (experiential measure). This pathway segment 
approach could be an alternative to the conventional 
street segmentation approach (Jiang and Claramunt 
2004; Jiang and Liu 2009). In addition to syntactic vari-
ables, three environmental factors—pathway connection 
with activity zones, presence of shade, and lateral visibil-
ity—are identified as potential predictor variables in their 
regression model. Although their findings seem to extend 
beyond the statistical results, their study contributes to 
an understanding of the relationship between seniors’ 
walking behaviours, syntactic properties, and micro-
environmental characteristics. Like Zhai’s and Baran’s 
research (2016), their results may be acceptable in Space 
Syntax research because human behavioural research 
can present R2 values lower than 0.5 and still be useful. 
In this context, these walkability studies in parks reiterate 
the impact of both spatial configuration and attraction 
on natural human movement in an urban system (Hillier 
et al. 1993) closely related to the first urban topic (U1).

Lastly, urban accessibility research, typically based on 
ALA, is closely related to this topic, but it deals with spe-
cific sites or destinations, e.g., religious sites (Karthika 
et al. 2022), heritage buildings (Hegazi et al. 2022), play-
grounds (Istiani et  al. 2023), public libraries (Zhao and 
Hong 2023), and resettlement communities (Yang et  al. 
2023). In particular, Karthika et al. (2022) develop a spa-
tial time-based accessibility map using ArcGIS network 
analysis and video data for crowd management, while 
Hegazi et al. (2022) use a combination of syntactic meas-
ures (ALA and VGA) and behavioural maps to investi-
gate socio-spatial vulnerability assessment. Addressing 
the pandemic and post-pandemic situations, Istiani et al. 
(2023) also generate occupancy and observation maps 
for this purpose. Yang et  al. (2023) distinguish physical 
(or syntactic) accessibility from spatial accessibility that 
is regarded as a household’s ability to access various ser-
vices, but integrate both to establish indices of multiple 
deprivations for sustainable urban development. Con-
versely, Liu et al. (2018) focus on the scenic kernel den-
sity values of mountain areas, revealing the relationship 
between syntactic values (axial integration and control 
value) and tourist trail flows. Similarly, Zhai et al. (2018) 
combine a CSA derived, stroke-based network of trail seg-
ments in forest parks, with human data collected from 
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GPS trackers. They also confirm a socio-spatial relation-
ship between syntactic properties and environmental 
characteristics, but their regression model does not fully 
account for several aspects of the human data. Tourism 
attraction is conceptually linked to other urban topics 
such as ‘pedestrian movement’ and the ‘cognitive city’, 
dealing with scenic and environmental factors.

U3. Cognitive city
Aside from research about pedestrian and spatial net-
works, a growing research area in the Space Syntax com-
munity is concerned with the perceptual characteristics 
of a city. As an example, Elshater et  al. (2019) use ALA 
data to compare two Egyptian cities’ singularity char-
acteristics, presenting the interconnectedness of physi-
cal and non-physical urban design concepts. In that 
research ALA is applied to capture people’ perceptions 
through movement. Their study, however, doesn’t dis-
cuss the relationship between the urban singularity ele-
ments (e.g., architectural style, urban artefacts, human 
experience, etc.) and syntactic measures (connectivity, 
choice, integration, intelligibility, and synergy), but sepa-
rately presents their values, before revealing the differ-
ences between the two cases. Pan et  al. (2022) also use 
ALA to examine perceptions of location-specific urban 
spaces, focusing on accessibility, choice, and public activ-
ity, to correlate urban morphological data (accessibility 
and choice) and human distribution data. Interestingly, 
Wang et  al. (2022) use a human–machine adversarial 
model over the use of Space Syntax, based on deep learn-
ing, to predict residents’ perceptions of city streets. They 
also present automatic image semantic segmentation and 
visual element classification, which are recently used for 
computer vision or machine learning. As such, they not 
only measure street accessibility, but also evaluate the 
quality of streetscapes or street view imagery (SVI). In 
this way, their study enables the precise investigation of 
urban spatial perception both horizontally and vertically.

Güngör and Harman Aslan (2020) revisit Lynch’s the-
ory of urban visual perception with a syntactic approach 
combining ALA, SA, and VGA. Their research provides 
a precise syntactical interpretation of Lynchian urban 
elements. Experiential data is, however, developed from 
observation, questionnaire, interviews, and cognitive 
mapping and are only used for descriptive analysis. None-
theless, the conceptual mixture of cognitive and syntactic 
urban design elements is promising. Furthermore, cogni-
tive mapping in their study should not only be applica-
ble to wayfinding research, but also useful for improving 
a city’s imageability. Bai et  al. (2023) further develop a 
semi-structured interview based on the Lynchian para-
digm. They empirically investigate public spaces in his-
toric villages using three aspects of socio-spatial factors: 

(i) morphological (spatial network centralities using 
bipartite graphs), (ii) cognitive (cultural significance 
and space usage) and (iii) behavioural (Wi-Fi position-
ing tracking). The theory of imageability has often been 
discussed in Space Syntax research (Askarizad and Safari 
2020; Elshater et al. 2019; Li and Klippel 2012), and espe-
cially in terms of spatial cognition (Kim and Penn 2004; 
Marcus et  al. 2016). Esposito et  al. (2020), for example, 
use spatial cognition to explore wayfinding route choices 
associated with landmarks. Using a combination of quan-
titative ABS and qualitative data, their research confirms 
that syntactic values can be predictive of wayfinding and 
environmental perception. The impact of environmental 
factors, e.g., visual element proportion (Wang et al. 2022) 
and the quality of landscape elements (El-Darwish 2022) 
are, however, not fully explained in the syntactic analysis. 
In addition, socio-economic determinants like safety—
see El-Hadedy’s and El-Husseiny’s study (2022) or Can 
Traunmüller et  al.’s work (2023)—can be considered in 
spatio-cognitive research of this type. Recently, cognitive 
mapping combined with ALA is used to investigate sub-
urban village tourism (Zheng et  al. 2022) and VR envi-
ronment navigation (Brunec et al. 2023).

With parallels to ‘A2. Interactive accessibility’ in the 
architectural studies, ‘urban interaction’ is an important 
socio-spatial issue in the cognition and design of urban 
morphology. Unlike the architectural studies, which 
largely relied on VGA, urban studies often used ALA to 
examine interactional frequencies or locations, regard-
less of the qualities or types of social interaction. Only 
Sheng et al. (2021) consider two types of urban interac-
tions, personal (or intimate) and social groups in urban 
parks, measuring the intensity of social interaction by the 
number of observed people. Furthermore, their syntactic 
measure is based on a pathway segment approach, simi-
lar to Zhai’s and Baran’s (2016), but focuses on angular 
integration and choice via SA. Along with syntactic prop-
erties, they confirm that spatial factors such as pathway 
length and zone area are positively associated with social 
behaviours. In contrast, Can and Heath (2016) address 
the frequency of urban interaction using a question-
naire and the location and number of groups recorded 
in snapshot observations, but never examine the type of 
interaction. Results confirm that the syntactic measures 
(integration, connectivity, synergy, and intelligibility) 
developed from ALA are acceptable predictors for move-
ment, co-presence, and social interaction. Zerouati and 
Bellal (2020) also use a snapshot observation approach, 
but develop snapshot maps with VGA results that include 
the types of activities and users. In this way, they provide 
sound visual evidence about socio-spatial relationships. 
Similarly, Gümüş and Yılmaz (2022) develop behavioural 
maps, which are compared with syntactic data such as 
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integration and connectivity. Askarizad and Safari (2020), 
instead, employ four observational approaches, includ-
ing snapshot observations to capture static activities, 
which are only used for descriptive relationships along-
side syntactic results. Furthermore, urban interactions 
in their study are not measured, instead they are quali-
tatively assessed using behavioural patterns in public 
spaces. ALA, ISA and VGA provide important design 
knowledge about urban morphology and social relations, 
whereas attractions and environmental factors could be 
further explored. Walkability research (Zhai and Baran 
2016; Zhai et al. 2018) provides a useful reference in this 
regard.

A small number of studies address safety and social 
integration in urban spaces, which might be related to 
the development of a city’s imageability. Compared to 
Chiang’s and Li’s proximity research (2019), Knöll et  al. 
(2018) consider both syntactic (integration and visibility) 
and environmental properties (density and spatial typol-
ogy) in their regression model of perceived urban stress. 
Specifically, they reveal that open space typologies, vali-
dated by a survey of environmental characteristics, are 
the best predictors and are superior to syntactic values in 
this regard. This result articulates the importance of envi-
ronmental factors in Spacy Syntax research. In contrast, 
Mohamed and Stanek (2020) focus on the conventional 
socio-spatial relationship between syntactic and experi-
ential data, disregarding the role of other determinants 
such as economic and environmental characteristics. In 
terms of the frequency of sexual harassment incidents, 
Mohamed and Stanek (2020) find the quality and type 
of physical surroundings may be influential factors in 
their regression model. While there are precedents for 
this type of study of the impact of spatial integration on 
crime (El-Hadedy and El-Husseiny 2022), they have not 
received the same level of investigation in the Space Syn-
tax community. Furthermore, there might be socio-cul-
tural factors shaping this result.

Summary
This section summarises the ramifications of the research 
and the collected data. The 27 architectural studies 
explore planning in architectural spaces, although there 
is also a clear emphasis on medical or healthcare spaces 
with 16 articles having this focus. The eleven non-
healthcare studies identify important considerations for 
improving understanding of wayfinding behaviours in 
complex buildings (De Cock et  al. 2022; Hölscher et  al. 
2012; Li and Klippel 2012; Nubani et al. 2018) and inter-
active behaviours (Aknar and Atun 2017; Büyükşahin 
2023; Keszei et  al. 2019; Kim and Kim 2023; Omer 
and Goldblatt 2017; Yaseen and Mustafa 2023; Zeng 
et  al. 2020). Space Syntax approaches to investigating 

healthcare facilities have become relatively common 
in the last decade (Haq and Luo 2012; Lee and Ostwald 
2020; Lee et  al. 2023), often examining syntactic and 
experiential issues using hybrid approaches.

In contrast, the 39 urban studies collected in this 
review, which generally focus on socio-spatial interac-
tions in streets and parks, potentially have significant 
implications for urban planning and policymaking (Chi-
ang and Li 2019; Lee et al. 2023). By examining the rela-
tionships between syntactic properties and experiential 
values, Space Syntax research can provide quantitative 
knowledge about pedestrian movements (Domènech 
et  al. 2020; Koohsari et  al. 2016; Mansouri and Ujang 
2017; Ozbil et  al. 2021; Shatu et  al. 2019), design for 
accessibility and use of parks (Can Traunmüller et  al. 
2023; Chiang and Li 2019; Liu et al. 2018; Safaie Gham-
sary et  al. 2023; Zhai and Baran 2016; Zhai et  al. 2018; 
Zhang et al. 2020), and policies and strategies to improve 
the image of a city (Bai et  al. 2023; Elshater et  al. 2019; 
Esposito et  al. 2020; Güngör and Harman Aslan 2020; 
Wang et  al. 2022), which also shapes social interactions 
(Askarizad and Safari 2020; Can and Heath 2016; El-Dar-
wish 2022; Sheng et al. 2021; Zerouati and Bellal 2020) as 
well as safety and social integration (Hidayati et al. 2021; 
Knöll et al. 2018; Mohamed and Stanek 2020).

Discussion
This review has used a new combined approach of 
PRISMA and LDA to scope and partially synthesise a 
large body of research, offering the opportunity to under-
take a detailed critical review of the content of this work. 
The combination of PRISMA and LDA is, in the field of 
architecture, a clear methodological innovation. The 
results of LDA topic modelling were not only able to cap-
ture a more nuanced and deeper set of keywords and con-
cepts, but also their semantic relationships. Significantly, 
LDA also provided a measure of the precise distinction 
between topics, something other methods cannot do. In 
addition to the perplexity and coherent scores, the inter-
topic distance map using multidimensional scaling (see 
Fig. 4) was used to validate the topic models. Two word 
clouds (Figs. 5 and 6) also confirmed the automatically-
generated topics. However, despite these validations and 
verifications, the final set of topics might be limited in 
its reliability. In particular, the random topic generations 
could be problematic. For example, each run of LDA 
was slightly unpredictable, producing similar (but not 
identical) sets of topics. Labelling and interpreting the 
generated topics was also dependent on the researchers’ 
knowledge and experience. This is one of the reasons why 
the extensive analysis of the topic literature was under-
taken for this article, to ‘unpack’ the connections made 
by LDA. An alternative approach, that would need to be 
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carefully tested, would be to use full-text data rather than 
abstract data for LDA (Syed and Spruit 2017). Future 
research using LDA should address these challenges and 
limitations.

Research gaps and future research directions
As shown in the LDA topic models, it is apparent in the 
present research that human experience or behaviour in 
the built environment is a multi-dimensional issue. That’s 
why socio-spatial, environmental theories—for example, 
Lynch’s theory (Güngör and Harman Aslan 2020) and 
Appleton’s theory (Keszei et  al. 2019)—have frequently 
been examined in Space Syntax research. Additional psy-
chological and cognitive theories could also be included 
to understand the complexity of socio-spatial experience. 
However, the psychological impact of the built environ-
ment, like ‘perceived stress’ (Knöll et al. 2018), is largely 
an uncharted area. Thus, such theories should be further 
examined with existing syntactic measures for a range of 
architectural and urban spaces. Likewise, since it might 
be hard to control socio-economic factors (Sohn 2016), 
the impact of spatial permeability on crime remains 
unclear. That is, the combination of Space Syntax and 
CPTED (El-Hadedy and El-Husseiny 2022) requires fur-
ther investigation.

Since the early archaeological applications (Hillier 
and Hanson 1984), archaeological research using JPG 
has grown, e.g., Pataraya and Wari provincial adminis-
tration in Nasca (Edwards 2013) and Homol’ovi I, Hopi 
archaeological site in Arizona (Fladd 2017). However, 
the conventional applications are limited to syntactical 
approaches, visualising and estimating ancient socio-spa-
tial relationships. In contrast, diverse spatial experiences 
in historical sites have also been significantly explored in 
terms of tourists’ movement (Mansouri and Ujang 2017), 
pedestrian movement and behaviour (Yıldırım and Çelik 
2023), residents’ access and land use (Ghamsary et  al. 
2023), and public space with cultural significance (Bai 
et al. 2023). As such, Space Syntax research on heritage 
buildings and sites can be expanded to examine their 
impacts on current spatio-cultural experience as well as 
to provide spatial resources for future heritage preserva-
tion or urban development. On the other hand, spatio-
cultural experience should be one of the most important 
research directions in this regard. For example, along 
with syntactic measures, Zeng et al. (2020) suggest spatial 
regeneration and acculturation considering the relation-
ship between spatial and cultural properties. Although 
visitors’ and residents’ diverse socio-spatial experiences 
are not considered in their research, a computational 
approach to cultural and experiential dynamics could be 
beneficial for future research. Such experiential studies 
are useful for future Space Syntax research considering 

socio-spatial behaviours in the built environment. But in 
many of these cases, there is a clear need to balance qual-
itative and quantitative approaches due to the complexity 
of socio-spatial factors.

As Hillier (1996) highlights diverse socio-spatial top-
ics from archaeological sites to hospital designs, vari-
ous research topics related to healthcare designs are 
discussed in the last architectural topic (A3). Indeed, 
research about medical space is categorised into one 
independent, dominant topic in the collection of archi-
tectural literature (Ferdous and Moore 2015; Li et  al. 
2022; Neo and Sagha-Zadeh 2017; O’Hara et  al. 2018; 
Rashid et  al. 2014, 2016). Specifically, recent research 
addresses the impact of the COVID-19 pandemic on 
socio-spatial experience. For example, the pandemic has 
influenced people’s spatial preferences and usage habits 
in shopping malls (Büyükşahin 2023) and visitors’ way-
finding in healthcare centres (Khotbehsara et  al. 2023). 
Responding to the pandemic, the isolated space of Fang-
cang shelters (Li et  al. 2022) and the spatial network of 
playgrounds (Istiani et  al. 2023) are also investigated in 
terms of spatial, social and emotional ramifications. 
Certainly, the COVID-19 safety measures and physical 
distancing have affected social interaction and spatial 
preference, challenging the traditional socio-spatial rela-
tionships in the built environment. Although the funda-
mental socio-spatial principles of Space Syntax theory 
are still valid, due to its simplicity and abstraction, this 
kind of social phenomenon, along with economic and 
environmental factors, should be further addressed in 
future research.

Lastly, as discussed in the final urban topic (U3), 
research in spatial cognition has identified some impor-
tant socio-spatial factors that influence human experi-
ences in the built environment (Dalton 2001; Freksa 2004; 
Freksa et al. 2007). The complexity of spatial cognition is 
also not a new topic in Space Syntax (Bafna 2003; Hill-
ier 2012; Penn 2003). Nonetheless, the spatio-temporal 
nature of a space (Freksa et al. 2007; Netto 2016), and its 
recursive or interactive relationships (Freksa 2004; Netto 
2016; Raban 1974), are still not well addressed in Space 
Syntax communities and should be important topics for 
future research.

Conclusion
Space Syntax has evolved over almost 40 years to over-
come its limitations in architectural and urban analytics 
and to be accepted as a standard method in many fields. 
Notwithstanding this status, the understanding of current 
and new syntactic and experiential topics should remain 
a priority. This research provides the first probabilistic 
models for Space Syntax studies on spatial experiences 
using LDA. Acknowledging the limitations of LDA topic 
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modelling and sampling, this review rigorously develops 
eleven deep syntactic and experiential topics and quali-
tatively examines their implications in architectural and 
urban research, producing new integrated knowledge. 
The six topics identified in this research—A1. Wayfinding 
behaviour, A2. Interactive accessibility, A3. Healthcare 
design, U1. Pedestrian movement, U2. Park accessibility, 
and U3. Cognitive city—not only have implications for 
future research, but they also reflect important or timely 
issues. The application of PRISMA was limited to data 
collection in this research, but it could be extended to the 
synthesis of comparative variables.

The combination of PRISMA and LDA is a new and 
effective way to systematically map the collected data to a 
set of topics. In addition to the perplexity and coherence 
scores considered in the topic models, the findings are 
validated and generalised with the collected literature. 
This article contributes to identifying key concepts as 
well as examining the complexity of socio-spatial issues 
in Space Syntax research, in addition to having methodo-
logical significance in a broader range of research areas. 
A future study will be a full systematic review synthesis-
ing heterogenous syntactic and experiential variables 
through PRISMA.
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