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A B S T R A C T

This research investigates the interplay of spatial arrangement and pedestrian behaviour in Toowoomba City
Centre, a low-density city in Australia, using a combination of quantitative and qualitative analysis through
Space Syntax. In contrast to high-density and medium-density areas where street connectivity typically drives
movement patterns, this study emphasises the significant roles of both syntactical factors and land-use mapping
in low-density contexts. The study identifies a correlation between pedestrian activity and land-use mapping and
compatibility in low-density areas, advocating for strategic land-use planning within a 150–320-metre radius. It
demonstrates that while traditional syntactic metrics are relevant, pedestrian movement in low-density areas is
more significantly influenced by land-use diversity and compatibility during daytime hours (1–3 PM). Both
syntactical factors and land-use are also crucial for attracting pedestrians during evening and night hours (6–8
PM). These findings highlight the importance of place-making strategies to foster vibrant, pedestrian-friendly
environments.

1. Introduction

Central business centres of cities have evolved beyond being mere
shopping destinations into multifaceted spaces that attract pedestrians
to tourist attractions [1], recreational areas [2], and hubs for public
transportation [3]. The dynamics of urban spaces have evolved signifi-
cantly in recent years, particularly in low-density cities where sprawling
streetscapes and commercial areas define the urban experience. When
the city centre is designed with appropriate land-use conditions and
incorporates initiatives to improve pedestrian facilities, it can support
sustainable modes of transportation and even positively influence pe-
destrians’ choice of travel mode [4]. Low-density urban areas often lack
pedestrian-friendly mixed land-use, leading to increased travel distances
and a reliance on cars. The separation of residential, commercial, and
industrial areas contributes to a car-dependent lifestyle, as residents
must travel substantial distances for work, shopping, and leisure activ-
ities. Furthermore, there is a correlation between pedestrians’ rate of

walking activity and cities’ densities [48,49].
Literature in the domain of pedestrians’ behavioural pattern and

walking pattern through urban layouts includes studies by Stea [5], Lee
et al. [6], Portugali [7], Kim and Penn [8], Heft [9], Olazabal and
Pascual [10], Eldiasty et al. [11], and Bruns and Chamberlain [12].
Extensive research in the field of urban behaviour highlights significant
connections between behavioural occurrences in urban spaces, move-
ment patterns, and the overall sense of pedestrians’ environmental
satisfaction [13,14–18]. This has led to the development of quantitative
theories and methodologies aimed at comprehending and modelling the
intricate relationship between spatial configurations and social behav-
iours [19]. Human walking behaviour within urban layouts can be
predicted utilsing Space Syntax techniques specifically for mixed-use
urban areas such as city centres with diverse population densities. A
spatial configuration analysis reveals a significant correlation between
this pattern in a physical setting, and a spatial configuration analysis
[24,25].
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Extensive research has primarily focussed on movement patterns and
individuals’ behaviour through the application of Space Syntax [34,35],
as well as individuals’ spatial perception [36,41], in high-density city
centres such as Kuala Lumpur, Shanghai, Barcelona, Beijing, and Tehran
[27–33]. Cities with a moderate population density, such as Oporto,
Brisbane, and Melbourne, have also been subject to comprehensive
research efforts. These studies predominantly focus on all aspects of the
socio-spatial experience within moderate-density cities, namely move-
ment patterns, individuals’ behaviour, and spatial perception
[20,42–47]. Previous studies have noted the challenges faced by low-
density cities, such as long commute times, car dependency, and a
lack of mixed land-use and connectivity [26]. The lack of connectivity
between different land uses further exacerbates these issues, resulting in
less vibrant pedestrian environments [93]. Although studies on pedes-
trian behaviour in low-density cities are relatively sparse compared to
those in high-density areas, some research highlights the importance of
spatial configuration and land-use compatibility in shaping pedestrian
movement. For example, Gunn et al. [94] demonstrated that strategic
placement of amenities and improved connectivity can enhance walk-
ability even in lower-density environments. This underscores the need
for purposeful place-making strategies based on compatible land-use to
foster vibrant, pedestrian-friendly environments. Additionally, Ewing
and Cervero [95] found that low-density development patterns can
negatively impact walkability and public health outcomes, with the lack
of mixed land-use and connectivity contributing to less vibrant pedes-
trian spaces [96]. Understanding the specific dynamics of pedestrian
movement in low-density cities is crucial for urban planners and poli-
cymakers. For instance, Koohsari et al. [93] used space syntax to char-
acterize the built environment and its impact on walkability, providing
insights into how urban design can influence pedestrian behaviour in
low-density settings.

Despite advancements in understanding pedestrian movement in
denser environments, there is a significant research gap in low-density
cities regarding pedestrian dynamics and spatial configuration. The
literature often does not provide a holistic approach that combines real-
time data with spatial metrics, leaving a gap in comprehensively un-
derstanding how various factors influence pedestrian behaviour in low-
density city contexts. Only a handful of studies, such as those by Atakara
and Allahmoradi [50] and Şahin [51], have addressed aspects like
connectivity and accessibility, primarily through mathematical analysis
of the urban environment, rather than comparing these results with real-
time observations and monitoring. These efforts primarily focus on
network analysis and lack a comprehensive approach to investigating
pedestrian movement patterns and preferences in low-density areas.

To address this research gap, this study aims to deepen the under-
standing of pedestrian movement patterns within low-density urban
environments, going beyond focusing solely on the morphological as-
pects of the environment. Understanding the specific dynamics of
pedestrian movement in low-density cities is crucial for urban planners
and policymakers. Gaining insights into how pedestrians interact with
urban spaces in these environments can help formulate strategies to
create more vibrant and walkable areas. This, in turn, can significantly
enhance the livability of low-density cities by making them more
attractive to pedestrians. The main aim of this study is to provide a
comprehensive understanding of pedestrian movement patterns in low-
density urban environments. This involves investigating street connec-
tivity and integration metrics while simultaneously analysing land-use
patterns. The study compares actual pedestrian behaviour with these
metrics and maps to assess how various factors influence pedestrian
movement patterns in the city centres of low-density cities. Specifically,
the research seeks to answer the following key questions:

• How does spatial configuration influence pedestrian behaviour pat-
terns in the city centre of lower-density cities?

• How does the combination of spatial configurations and land-use
most effectively enhance pedestrian movement and urban vibrancy
in low-density city centres?

2. Theoretical framework

2.1. Wayfindng in urban space

Wayfinding involves navigating from an origin to a destination using
paths and routes, guided by visual information [52,53]. Key elements
influencing wayfinding behaviour include visual access, distinctiveness,
layout arrangement, and signage [54]. Visual access refers to the ability
to see various parts of a place from different viewpoints. Distinctiveness
relates to how well different areas of an environment are differentiated,
aiding in memory and navigation. A well-arranged layout simplifies
wayfinding, while complex layouts can be confusing [54].

2.2. Behavioural patterns in urban layouts

Environmental psychology explores the complex relationship be-
tween humans and their surroundings. Unlike approaches that view the
environment and individuals as separate entities, this field emphasises
their interconnected nature [55]. It asserts that to fully understand
environmental issues, one must investigate how people interact with
their environments. This interplay influences observable behaviours,
which are shaped by physical factors such as noise levels, environmental
conditions, and the characteristics of enclosed spaces [56]. Spatial
integration and differentiation are crucial in facilitating interactions and
shaping behaviours in public spaces [57,59]. For instance, a case study
by Askarizad and Safari in Rasht, Iran, illustrates how spatial configu-
ration influences behavioural patterns in urban spaces. Their research
focused on the pedestrian zone of Rasht Municipality Square, revealing
that areas with higher spatial integration and differentiation facilitated
more diverse social behaviours, demonstrating the practical application
of environmental psychology principles in urban design [20]. In addi-
tion to this study, another detailed investigation by Askarizad and He in
the city centre of Rasht explored the perception of spatial legibility and
its association with humanmobility patterns. They found that the spatial
configuration of the historical districts significantly impacted pedestrian
movement and social interactions. High legibility areas, characterised
by clear visual access and distinct landmarks, encouraged more pedes-
trian activity and social engagement [37]. This study highlighted the
importance of spatial design in enhancing urban livability and social
dynamics, showing that well-integrated and legible urban spaces can
foster vibrant pedestrian environments and facilitate social interactions
[62].

2.3. Space Syntax and pedestrian movement

Space Syntax is a mathematical approach used to analyse how spatial
arrangements influence social, cognitive, and experiential aspects of
urban layouts [57]. It represents environments as graphs, where spatial
features are transformed into nodes and links, allowing analysis of the
impact of layout on pedestrian movement [22,58]. This method helps
urban planners understand the relationship between spatial configura-
tions and human behaviour, providing insights into the social implica-
tions of design choices [60]. In Space Syntax, an environment’s layout is
converted into a graph, where each line represents a node, and in-
tersections between lines form links. Researchers have discovered sig-
nificant correlations between specific graph indicators and both
vehicular movement rates and pedestrian behaviour [61,62]. The
“configuration of space” in Space Syntax involves transforming contin-
uous spaces into networks of interconnected areas, enabling the iden-
tification of behaviour patterns and the assignment of cultural or
symbolic significance to different space parts [63]. A key application of
Space Syntax is examining spatial configuration to understand how
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people behave in unfamiliar environments [64]. This method challenges
the simplistic division between “space-as-form” and “society-as-con-
tent,” suggesting that social structures and spatial configurations are
inherently linked [65,66]. Space Syntax reveals how spatial conditions
correspond to human behaviour, offering valuable insights for urban
design and planning. The present study employs Space Syntax to
investigate pedestrian behaviour using a mixed-method approach.
Table 1 provides an overview of relevant studies utilizing Space Syntax
to explore pedestrian movement in various city centres. These studies,
employing tools like field observation, GIS, GPS tracking, and surveys,
highlight key findings such as the impact of mixed land-uses on move-
ment behaviour, the need for improvements in pedestrian networks, and
the influence of digital navigation on the pedestrian experience. Results
emphasize factors like low slopes and high integration values in
enhancing accessibility. While Space Syntax has been extensively used
in high- andmoderate-density cities, its application to low-density urban
areas remains limited. This study aims to address this gap by applying
Space Syntax to understand pedestrian movement patterns in low-
density city centres.

3. Method and methodology

This study employed a mixed-methods approach, combining both
quantitative and qualitative techniques to analyse the urban environ-
ment of Toowoomba City Centre. The methodologies integrated Space
Syntax analysis, field observations, and ArcGIS mapping to provide a
comprehensive understanding of pedestrian movement patterns and
spatial arrangements. Space syntax serves as a methodology employed
to analyse urban environments [66]. In addition to the Space Syntax
method, field observations played a crucial role in strengthening the
research implementation. Pedestrians’ movement behaviour patterns
heavily rely on visibility and spatial arrangements within urban settings

[68]. The research methodology was augmented by the ArcGIS software,
ensuring alignment with Space Syntax analysis and on-site observations.
By integrating Space Syntax results and aligning them with individuals’
movement behaviour in the field, the study delved into the intrinsic
potential of spatial arrangements and topology, with the goal of
enhancing physical activities for pedestrians. Fig. 1 illustrates the
methodological framework, highlighting how these techniques were
used in conjunction to assess the interplay between spatial configuration
and pedestrian behaviour.

3.1. Field observation of individuals’ movement behaviour within
Toowoomba city Centre

Field observations encompass a range of techniques designed to
study the flows of movement and individuals’movement patterns within
urban settings [70]. To discern the behavioural patterns of individuals
and attain a comprehensive understanding of activities in the city centre
of Toowoomba, three distinct observation techniques focused on pe-
destrians were employed: Gate counts, people following, and GPS
tracking. All observations were conducted during two specific time
periods—between 1 PM and 3 PM (considered a busy period due to
lunchtime activity and early afternoon shopping) and between 6 PM and
8 PM (capturing evening activity). These timeframes were chosen to
ensure a representative sample of pedestrian behaviour, as they coincide
with peak activity periods. The observations were conducted under
stable weather conditions. This contrast between the afternoon and
night observations allows researchers to examine how pedestrian
behaviour might differ between daytime and nighttime conditions,
providing insights into how lighting and other environmental factors
influence movement patterns. Additionally, the observations were car-
ried out on both weekdays and weekends to capture differences in
pedestrian density under varying circumstances.

Table 1
A summary of research using Space Syntax as an integrated approach within City centres.

Study Methods Effective variables Location Density Key findings

Mansouri and
Ujang [27]

Field observation:
(Observation tool)

Connectivity Kuala Lumpur,
Malaysia

High
density

The varied place uses, and street activities enhance city
centre walkability.

Jabbari et al [42] GIS: (Technology-based tool) Connectivity/ Network Oporto,
Portugal

High
density

Pedestrian network issues highlight the need for urban
planning improvements.

Vaez et al [43] GPS tracking and voice recording:
(Technology-based tools)

Wayfinding Brisbane,
Australia

Moderate
density

Diverse digital navigation options are needed to enhance
the pedestrian experience.

Şahin [51] GIS: (Technology based tool) Accessibility Çankırı City,
Turkey

Moderate
density

Streets with low slopes and high integration values are
the most accessible.

Fan et al. [28] GIS: (Technology based tool) Accessibility Shanghai,
China

High
density

Traffic stations and people flow significantly influence
hotel distribution.

Rismanchian and
Bell [29]

ArcGIS: (Technology-based tool) Regeneration Tehran, Iran High
density

The study demonstrated that an evidence-based
approach can identify essential spatial patterns, offering
a cost-effective foundation for creating a pedestrian-
friendly street network to alleviate spatial isolation in
deprived areas.

Shatu et al. [45] Survey, ArcGIS and virtual street
audit tool: (Observation,
Participatory and technology-based
tools)

Route choice behaviour Brisbane,
Australia

Moderate
density

Pedestrians prefer routes with minimal directional
changes.

Fang et al [30] Photographed and recorded:
(Observation tool)

Pedestrian density/
Remodelling

Shanghai,
China

High
density

Factors influencing commercial pedestrian density are
identified.

Atakara and
Allahmoradi
[50]

GIS: (Technology-based tool) Network Famagusta,
Cyprus

Moderate
density

Specific findings related to syntactic analysis and the
city’s growth process are examined.

Nourian et al.
[31]

SNA: (Technology-based tool) Accessibility Lisbon,
Portugal

High
density

Model utility validated with crowd-sensed human
mobility data for assessing urban mobility plans.

Wang [32] GIS: (Technology-based tool) Designing
/Redesigning:

Beijing, China High
density

Century-long analysis of old Beijing’s street network
highlights enduring grid-like structure.

Gath-Morad et al
[41]

GPS tracking and survey:
(Technology-based and participatory
tool)

Environmental factors/
Perceptions/ Urban
design

Tel Aviv, Israel High
density

Factors influencing route choice in leisure walks
emphasise the complexity of walking environments.

Zhang et al [33] Fieldwork observation:
(Observation tool)

Network Hangzhou,
China

High
density

The importance of pedestrian permeability in Chinese
urban contexts and the impact of car dependency on
walkability are emphasised.
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3.1.1. People tracing and GPS tracking for investigating individuals’
movement behaviour within Toowoomba city Centre

Observing movement flows from a specific focal point is a critical
technique known as people tracing, applicable in both urban layouts and
architectural spaces. To maintain objectivity in interpreting movement
behaviours, observers randomly selected individuals at the start of their
journey from a predefined starting point and tracked their routes. This
technique is particularly advantageous for comparing movement be-
haviours from specific points within a layout [70]. A hybrid approach
was employed to capture intricate details of pedestrian movement,
combining empirical people-following techniques with GPS tracking
technology using the Relive app on smartphones. The investigator
discreetly followed pedestrians from the primary entrances of the Grand
Central Shopping Centre, specifically gates 2 and 5. Gates 2 and 5 were
selected for their high pedestrian activity and strategic importance
within the commercial layout. As shown in Fig. 2, these gates were
strategically chosen for tracking pedestrian flows in and around the
shopping centres. A total of 400 individuals were tracked—50 from each
gate during different times, including weekday afternoons and weekend
evenings—while activating real-time GPS tracking to prevent any po-
tential alteration in behaviour due to awareness of being tracked.
Handheld GPS data loggers provided detailed information on locations
visited, duration of stay, and walking distances, aiding in identifying
areas prone to congestion [71]. This combination of People tracing and
GPS Tracking allowed for comprehensive data collection on pedestrian
patterns from the selected gates, ensuring accurate movement tracking.

In the sample selection process, only adults were considered, specifically
excluding children to focus on the movement behaviours of the adult
population. Both men and women were included, ensuring a balanced
representation of adult pedestrians. This approach allows for a more
accurate analysis of pedestrian dynamics, as adults typically exhibit
distinct movement patterns compared to children. This method ensured
natural and authentic behaviour by keeping participants unaware of the
tracking, thereby enhancing the reliability and accuracy of the results
and offering a genuine representation of everyday pedestrian move-
ments within Toowoomba City Centre.

3.1.2. Gate counting for investigating individuals’ movement behaviour
within Toowoomba city Centre

Gate counting represents a technique for assessing the pedestrians’
density in an urban layout. This method allows investigators to catch a
significant volume of data, which can be visually depicted or subjected
to statistical analysis. To understand how pedestrian movement pat-
terns, align with spatial configurations, the gate Counting data—which
captures the density of pedestrian activity—was correlated with several
key Space Syntax variables, including:

• Integration: Refers to the degree to which a space is connected to all
other spaces in the system. Higher integration values indicate spaces
that are more accessible and likely to attract greater pedestrian
movement [58]

Fig. 1. A detailed breakdown of the research process, including data collection, analysis, and spatial techniques.

Fig. 2. Study area gates: Overview and detailed view. (A). Gates (entrances) studied around the shopping centre; (B). Zoomed-in view of selected gates.
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• Connectivity: Refers to the number of immediate connections a
space has with its neighboring spaces. Spaces with higher connec-
tivity are often more accessible and experience higher pedestrian
flows [58]

• Intelligibility: Measures how well the connectivity of individual
spaces correlates with their overall integration into the layout. High
intelligibility suggests that spaces are easy to navigate and under-
stand, encouraging pedestrian movement [63].

When conducting these observations, specific locations across the
study area are chosen deliberately. Observers position themselves stra-
tegically at the periphery of each gate to optimise their field of vision,
tallying individuals crossing an imaginary line connecting different
parts of the urban environment. As a result, this approach is recognised
as a quantitative observational method. The selected gates encompass
areas of varying usage, including well-utilised, moderately-utilised, and
underutilised spaces within and around the study area boundaries [35].
For the field observations aimed at assessing the congruence between
the simulated software model and reality, a total of 10 gates were chosen
(Fig. 3A). Gate observations were conducted to provide a comprehensive
understanding of pedestrian behaviour. Fig. 3B shows axial map analysis
based on the spatial integration achieved from the Space Syntax method.

3.2. Space Syntax analyses in urban environment

The Space Syntax analysis utilises a spatial configuration approach to
quantify the connections between the built environment and social be-
haviours, seeking to unveil the relationships between individuals’
movement behaviours and the spatial arrangements within a given
space [58,65]. At the heart of this theoretical framework is the explo-
ration of how spatial arrangements influence the movement behaviour
of pedestrians, with Space Syntax suggesting a connection between the
built environment and social life [58]. Numerous studies consistently
indicate a significant correlation between spatial configuration and
behavioural patterns within the population [72]. According to the
foundational principles of Space Syntax, space configuration is shaped
through the direct interplay between space and individuals, resulting in
the humanisation of the constructed space or the built environment
[22,66]. Several research endeavours focused on urban design have
affirmed the effectiveness of this approach for urban research
[38–40,67,73–77].

3.3. Merging Space Syntax with land-use mapping through the ArcGIS for
predicting individuals’ movement behaviour within Toowoomba city
Centre

The attributes of Space Syntax significantly influence the dynamics
of natural movement [69]. Serving as the backbone of movement

structure, spatial configuration features have the potential to entice in-
dividuals to linger in space and reap its advantages. In densely populated
areas with distinct spatial configuration characteristics, functions
tailored to answer the needs of a large population tend to aggregate,
resulting in overcrowding, termed Movement Economy. Congestion in
movement patterns affects the functionality of nearby features and often
increases the value of neighbouring properties. Several studies have
established a notable connection between spatial configuration, move-
ment congestion, the nature and types of functions, and the value
associated with adjacent properties [58,77–82].

The examination of spatial data has led to sophisticated approaches
for analysing spatial patterns and processes. Despite the progress in
geographic information systems (GIS), there is a crucial necessity to
integrate them with innovative analytics and modelling techniques to
enhance their effectiveness as robust tools in urban planning analysis.
Analytical applications within GIS cover a broad spectrum, ranging from
studying environmental phenomena to analysing regional and urban
systems. Integrating the Space Syntax analytical tool into GIS provides
substantial advantages, expanding the capabilities of urban morpho-
logical analysis within the GIS environment. Conversely, GIS delivers
suitable spatial analysis and visualisation tools for exploring urban
morphology. A network that intentionally fosters communication
among its compatible uses can influence social interactions and behav-
ioural patterns. Thus, paying careful attention to land-uses conducive to
pedestrian activities is considered essential for improving the behav-
ioural patterns of citizens. The process began with axial map analyses
using Space Syntax, which generated key metrics such as Integration,
Connectivity, and Intelligibility. These results were exported and
brought into ArcGIS, where they were overlaid with land-use data from
the study area, including the 320-meter radius around the Grand Central
Shopping Centre. Land-use categories (e.g., residential, commercial,
recreational) were then analyzed in ArcGIS to assess their relationship
with pedestrian flow patterns. Using ArcGIS’s spatial analysis tools,
areas with mismatched land-use patterns that did not support pedestrian
activity were identified. To compare pedestrian movement with spatial
configuration metrics, pedestrian density data collected through gate
counts and GPS tracking were analyzed against land-use categories and
the syntactical results from Space Syntax. This comparison provided
insights into how well-connected spaces facilitated pedestrian move-
ment versus areas where land-use and spatial configuration hindered
accessibility. By visualizing these spatial relationships within ArcGIS,
the study was able to demonstrate how land-use compatibility and
spatial integration influence pedestrian movement across different parts
of Toowoomba’s city centre during both weekdays and weekends.

3.4. The city of Toowoomba as a case study

In the Toowoomba’s Central Business District (CBD), factors such as

Fig. 3. (A). Specified gates for population density estimation in the studied area; (B). Axial map Analysis using spatial integration from the Space Syntax technique.
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street connectivity and land-use distribution significantly influence
pedestrian movement. The city’s walkability is often limited by its low-
density layout, which reduces the overall pedestrian experience. Weak
urban arrangements in the CBDmay reduce the appeal of walking streets
and negatively impact livability [21]. Accessibility, particularly street
connectivity and the location of spaces, plays an important role in how
pedestrians interact with public areas [20]. Furthermore, Toowoomba
has been as a case study as it has relatively low population density
compared to larger Australian cities. Its urban layout is characterized by
sprawling residential areas and lower-rise developments. Unlike high-
density metropolitan areas, Toowoomba lacks significant vertical
development in its CBD, contributing to its overall low-density classifi-
cation. The city covers a large geographic area with a dispersed popu-
lation, which is typical of low-density urban environments [23]. The
spatial arrangement within the commercial streets of a low-population
city named Toowoomba will be analysed and human movement
behaviour will be monitored. Toowoomba is a city in the Toowoomba
Region of Darling Downs, Queensland, Australia. To explore the
mentioned issues, a 1-kilometer radius around the Grand Central
Shopping Centre, including parts of Margaret and Ruthven Streets, has
been selected as the study area, as shown in Fig. 4. This invetigation

contributes to a broader understanding of how targeted urban design
strategies can make walking streets more attractive in low-density urban
environments.

4. Results

4.1. Pedestrian movement patterns

The analysis of pedestrian behavior, based on people-following using
GPS tracking technology, reveals distinct patterns between weekday and
weekend afternoons (1–3 PM) and evenings (6–8 PM) at gates 2 and 5
near the Grand Central Shopping Centre in Toowoomba. The data shows
distinct pedestrian behavior patterns between weekday and weekend
afternoons (1–3 PM), at gates 2 and 5 (Fig. 2B) near Grand Central
Shopping Centre in Toowoomba (Table 2). On weekdays, pedestrians
tend to travel shorter distances and spend less time walking compared to
weekends. From gate 2, the average distance traveled on weekday af-
ternoons is 198 m, with an average travel time of 6.6 min. In contrast,
weekend afternoons see longer journeys, with an average distance of
321 m and travel time of 7.8 min. Similarly, from gate 5, weekday af-
ternoon travel averages 150 m and 5.4 min, while weekend afternoons

Fig. 4. Location of the Grand Central Shopping Centre within Toowoomba City Centre.
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show increased activity with average distances of 231m and travel times
of 6 min (Table 2).

During weekday evenings (6–8 PM), there is a noticeable decrease in
both distances traveled and time spent walking compared to afternoons.
From gate 2, the average distance traveled drops to 155 m, with an
average travel time of 4.8 min. Gate 5 shows an even more pronounced
reduction, with average distances of 124 m and travel times of 4.2 min.
Conversely, during weekend evenings, the average distance traveled
from gate 2 is 181 m with a travel time of 5.4 min, and from gate 5, it is
225 m with a travel time of 6 min. These observations suggest that
pedestrian behavior varies significantly across different times of the day
and week (Table 2).

As shown in Table 2, the analysis indicates that strategically locating
places that align with pedestrian preferences within short distances
significantly influences pedestrian choices. However, it is noteworthy
that within a 320-meter radius of the shopping centre, there are places
that are incompatible with pedestrian needs, as depicted in Fig. 5.
Consequently, the livability and attractiveness of the city centre, along
with the encouragement of active transportation, may face challenges
when incompatible land uses are present within close proximity to the
shopping centre.

4.2. Gate counting and syntactical analysis

Unravelling Toowoomba City Centre dynamics focused on under-
standing pedestrian behaviour, particularly during the lively 1 to 3 pm
slot on weekdays and weekends, as well as during the 6 to 8 PM slot on
both weekdays and weekends. Employing detailed map analyses and on-
site observations, ten entry points were strategically selected based on
integration and mapping insights (Fig. 3A). Table 3 provides a detailed
comparison of pedestrian density and spatial configurations at various
entry points in Toowoomba City Centre. During weekday afternoons,
gates 2, 4, and 5, particularly near Grand Central entrances, experienced
the highest foot traffic. Notably, gate 2, despite not being the most in-
tegrated or connected, recorded the highest pedestrian flow with 84
pedestrians and an integration value of 4.2. This indicates that
compatible land-use during this time attracts more pedestrians. In
contrast, gate 5, which boasts the highest integration and connectivity

values (6.4 and 230, respectively), observed a relatively lower flow of 76
pedestrians. On weekend afternoons, gate 5 saw a substantial increase,
reaching 33 pedestrians, while gate 2 had 39 pedestrians. These results
suggest that despite gate 2′s lower integration value compared to gate 5,
it still draws significant foot traffic in the afternoon, likely due to leisure
activities and shopping.

During weekday evenings from 6 to 8 PM, pedestrian traffic was
generally lower across all gates compared to other times. Gate 7 recor-
ded the highest count with 18 pedestrians, despite a lower integration
value of 5.2. Gate 5 followed with 12 pedestrians, maintaining its
importance even as overall traffic diminished. In contrast, gate 2 had
only 2 pedestrians, indicating a distinct shift in pedestrian preferences
towards more integrated and connected pathways during the evening.
This suggests that pedestrians prioritise these pathways, alongside areas
with more compatible land-use for nighttime activities. In the weekend
evenings, gate 5 continued to show a high flow with 28 pedestrians,
aligning with its high integration and connectivity scores. Gates 7 and 8
also recorded relatively high flows of 11 and 13 pedestrians, respec-
tively, alongside relatively high integration rates. Meanwhile, gate 2
maintained a relatively low pedestrian count, suggesting that both
weekday and weekend evenings see pedestrian traffic influenced by the
integration and connectivity of pathways, as well as the suitability of
land-use for evening activities. These trends underscore the importance
of considering both spatial integration and the compatibility of land-use
in urban planning, particularly to accommodate different times of the
day and week.

4.3. Analysis of Toowoomba city Centre via Space Syntax

Nuanced spatial characteristics within the city centre were revealed
by the exploration. Notably, the entrances to the Grand Central Shop-
ping Centre played a pivotal role in shaping pedestrian movement. Gate
2, located near the bus station, emerged as a central hub with amoderate
integration value of 4.2 and a connectivity score of 120. However, it is
important to note that other gates within Toowoomba City Centre
exhibited even higher integration and connectivity metrics, such as
gates 5 (integration 6.4, connectivity 230), 6 (integration 4.5, connec-
tivity 148), 7 (integration 5.2, connectivity 194), 8 (integration 5.2,
connectivity 194), 9 (integration 5.3, connectivity 133), and 10 (inte-
gration 4.8, connectivity 129) (Table 3). This revelation adds complexity
to the understanding of spatial dynamics, suggesting that pedestrian
movement is influenced by a combination of factors beyond mere inte-
gration and connectivity metrics (Table 3) and (Fig. 6).

Nuanced spatial characteristics within the city centre were revealed
by the exploration. Notably, a pivotal role in shaping pedestrian
movement was played by the entrances to the Grand Central Shopping
Centre. Gate 2, situated near the bus station, emerged as a central hub
with relatively moderate integration (4.2) and connectivity (120).
However, it is crucial to recognise that even higher connectivity and
integration were demonstrated by certain other gates within Too-
woomba City Centre, such as gates 5, 6, 7, 8, 9, and 10 (Fig. 6). This
intriguing revelation adds complexity to the understanding of spatial
dynamics, suggesting that the intricate interplay of factors influences
pedestrian movement in ways that go beyond conventional expectations

Table 2
Tracking pedestrian movement patterns across two main entrances of Central Shopping Centre.

Gate Day Type Time Period Average Distance (m) Highest Distance (m) Average Travel Time (min) Highest Travel Time (min)

Gate 2 Weekday Afternoon 198 m 780 m 6.6 min 11.1 min
Gate 2 Weekday Evening 155 m 650 m 4.8 min 9 min
Gate 2 Weekend Afternoon 321 m 890 m 7.8 min 12 min
Gate 2 Weekend Evening 181 m 620 m 5.4 min 9.6 min
Gate 5 Weekday Afternoon 150 m 680 m 5.4 min 8.4 min
Gate 5 Weekday Evening 124 m 580 m 4.2 min 6.6 min
Gate 5 Weekend Afternoon 231 m 710 m 6 min 9.6 min
Gate 5 Weekend Evening 225 m 700 m 6 min 10.8 min

Fig. 5. Bus Station Layout at Grand Central Shopping Centre.
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based solely on integration and connectivity metrics. Furthermore, a
modest pedestrian flow was still attracted by gate 1, despite having
relatively lower integration and connectivity. The integration and con-
nectivity values suggest a gateway that is accessible but may not be a
primary focal point.

Gate 5, which has the highest integration value of 6.4 and a con-
nectivity score of 230, recorded pedestrian densities of 76 during
weekdays (1–3 PM), 33 during weekends (1–3 PM), 28 during weekdays
(6–8 PM), and 12 during weekends (6–8 PM). Despite its high integra-
tion and connectivity metrics, the pedestrian counts are lower than
might be expected, especially during weekend hours. gate 4, with an
integration value of 5.6 and a connectivity score of 205, showed
pedestrian densities of 16 during weekdays (1–3 PM), 4 during week-
ends (1–3 PM), 6 during weekdays (6–8 PM), and 17 during weekends
(6–8 PM). While gate 4′s metrics suggest strong potential for pedestrian
movement, the actual counts during all observed times are lower than
anticipated, indicating a discrepancy between its metrics and pedestrian
use. Gate 3, with an integration value of 4.3 and a connectivity score of
110, recorded very low pedestrian flow: 1 pedestrian during both
weekday periods (1–3 PM and 6–8 PM), with zero pedestrian flow
during weekends. This lack of activity, despite reasonable integration
and connectivity metrics, highlights a significant divergence from ex-
pected usage (Table 3) and (Fig. 6). A significant incongruity between
anticipated and observed pedestrian flows, notably during weekends, is
exposed by the data. Diminished pedestrian activity in major gates,

specifically gates 5, 6, 7, 8, 9, and 10, is uncovered by gate observations,
contrary to predictions forecasting heightened foot traffic on weekends.
This unanticipated trend necessitates a deeper investigation into the
variables shaping pedestrian behaviour during weekends, prompting an
in-depth examination of the distinctive attributes associated with each
of these gates. A comprehensive analysis of these reasons will be delved
into in a subsequent section relating to land-use mapping.

The syntactic intelligibility of a given area refers to the extent of
correlation between the integration and connectivity values associated
with each line within that space. The term ’intelligibility’ is employed as
a stronger correlation implies a greater capacity to deduce and
comprehend the global positioning of a space [66]. Table 4 presents the
correlation between intelligibility, a measure based on the relationship
between integration (the accessibility of a space within the overall
system) and connectivity (the number of direct connections to adjacent
spaces), in the context of Toowoomba City Centre. Intelligibility reflects
how easily a pedestrian can navigate through the city, where higher
values indicate a more understandable and well-connected layout. This
analysis helps to assess how spatial configurations impact overall
accessibility and navigation within the city but does not include direct
measurements of pedestrian movement. A robust local intelligibility
level of 0.8 is indicated by the findings, suggesting a strong correlation
between local connections and the observable global position of spaces
within Toowoomba City Centre. Moreover, the city’s overall coherence
is highlighted by the global intelligibility level of 0.9, emphasising a

Table 3
A comparison of observations at gates and the syntactical factors in Toowoomba City Centre.

Gate Reference
Number

Total population density at
gates (Weekday: 1–3 PM)

Total population density at
gates (Weekend: 1–3 PM)

Total population density at
gates (Weekday: 6–8 PM)

Total population density at
gates (Weekend: 6–8 PM)

Integration
HH

Connectivity

1 14 8 1 1 2.6 45
2 84 39 2 4 4.2 120
3 0 3 0 1 4.3 110
4 16 4 0 6 5.6 205
5 76 33 12 28 6.4 230
6 2 0 1 2 4.5 148
7 5 8 18 11 5.2 194
8 4 9 3 13 5.2 194
9 10 7 1 9 5.3 133
10 1 0 0 4 4.8 129

Fig. 6. Comparative values of total pedestrian density and integration HH by gate and time.

E. Mehrinejad Khotbehsara et al. Ain Shams Engineering Journal 16 (2025) 103184 

8 



high degree of consistency between local and global integration
(Table 4).

4.4. Combining syntactical results with pedestrians’ friendly compatible
land-use through ArcGIS

This approach sheds light on the dynamics of pedestrian activity
around the Grand Central Shopping Centre. Despite being a major
attractor of the city’s population, our analysis reveals a nuanced picture.
The land-use mapping and on-site observations indicate that while the
shopping centre draws significant foot traffic, the compatibility of place-
making with pedestrian needs varies across its different sections.
Notably, the south side of the shopping centre, designated as Number 3
in our analysis, presents challenges in terms of compatibility with
pedestrian preferences. This is particularly evident during weekdays,
weekends, and especially after work hours. The presence of institutions
such as the Council, Administrative Building, and Automobile Repair
place contributes to an environment that may not align with the desires
of pedestrians in this area (Fig. 7). Similarly, the north side of the
shopping centre (Number 2) reveals several incompatible establish-
ments for pedestrians, including a petrol station, legal offices, and or-
thodontic clinics. This suggests potential barriers to pedestrian
movement and engagement in these areas (Fig. 7).

Contrastingly, our findings highlight that the right side of the Grand
Central Shopping Centre features more compatible land-use.

Commercial, recreational, and cultural complexes are prevalent, offer-
ing a pedestrian-friendly environment that aligns with the preferences of
the city’s residents. This insight into the distribution of compatible and
incompatible uses within the shopping centre area is crucial for urban
planning and the creation of pedestrian-friendly spaces in the city.

5. Discussion

Through examining actual observations in the Toowoomba City
Centre at specific locations, it becomes apparent that in a smaller city
centre, characteristic of low-density urban environments, land-use
mapping plays a notably crucial role in people–place making
compared to the emphasis on street network connectivity during the
day. Furthermore, street connectivity, coupled with compatible land-use
mapping, can play a crucial role at nighttime. During the afternoon or
daytime on both weekdays and weekends, gate 2, which has a relatively
low integration value of 4.2, attracts the highest number of pedestrians
(84 on weekdays and 39 on weekends). In contrast, gate 5, with a higher
integration value of 6.4, attracts the second-highest pedestrian flow (76
on weekdays and 33 on weekends). This disparity highlights that factors
beyond street integration metrics, such as the suitability of surrounding
land-uses, play a key role in shaping pedestrian patterns in lower-density
settings.

The dynamics shift in the evening and nighttime. On weekend eve-
nings, gate 5, which maintains its status as the most connected area with

Table 4
Intelligibility Analysis in Toowoomba City Centre.

Intelligibility (global scale) Intelligibility (local scale)

Fig. 7. Combining synthetical analysis with compatible land-use into ArcGIS for the designated area under study.

E. Mehrinejad Khotbehsara et al. Ain Shams Engineering Journal 16 (2025) 103184 

9 



an integration value of 6.4 and benefits from compatible land-use (as
illustrated in Fig. 6, experiences the highest pedestrian flow (28 pe-
destrians). This shift suggests that at night, pedestrians prefer pathways
that combine both strong connectivity and compatible land-uses.
Additionally, on weekday evenings, the highest pedestrian flow per-
tains to gate 7, followed by gate 5, with gate 7 having a relatively high
integration value of 5.2 and gate 5 having the highest integration value
of 6.4. Both gates are located in areas with compatible land-use. Thus, in
low-density contexts, a balance of land-use suitability and street inte-
gration is essential for influencing pedestrian choices, particularly in the
evening and at night. These results indicate that, at night, pedestrians
prefer pathways that offer both compatible land-uses and strong inte-
gration/connectivity metrics. Therefore, both land-use suitability and
street integration are crucial in influencing pedestrian route choices
during the evening or night in low-density cities. Data from Table 2
emphasise the vibrancy of environments along well-connected streets
near gate 5 (Fig. 8). Overall, in low-density cities, land-use mapping
plays a critical role in shaping pedestrian behaviour and enhancing
urban appeal, especially during the daytime. Streets with compatible
land uses improve livability and draw more pedestrians. At night, the
integration of land-use mapping with street connectivity becomes vital
for sustaining vibrancy and ensuring safety. Well-lit, accessible routes
with strategically placed amenities foster nighttime pedestrian activity.
In these areas, land-use mapping often exerts a stronger influence than
street connectivity during the day, contributing to inviting and lively
urban spaces.

[51,83–86]. Contrastingly, the observations of this study reveal a
distinctive pattern, indicating that in low-density cities, the frequency of
conflicts between observed pedestrian behaviour and street accessibility
is surprisingly higher than expected compatibility. After investigating
the reasons behind the apparent lack of utilisation of highly integrated
gates, particularly gate 3 which showed negligible pedestrian flow
during the investigation, it becomes evident that the incompatibility of
land-use mapping based on pedestrian preferences, along with poor
lighting during the evening and night, contributes to its underutilisation.
Conversely, gate 2, situated beside one of the two main entrances to the
shopping centre, exhibits the highest pedestrian flow despite its mod-
erate integration level of 4.2. Upon investigating the discrepancy be-
tween software predictions and the observed reality, it becomes
apparent that the main bus stop is located around this gate. However,
despite being one of the most populated areas, the absence of vibrant
street performances, such as theatre and concerts, wide footpaths,
diverse and user-friendly furniture, creates an environment marked by
confusion and conflict, as depicted in the accompanying Fig. 6.

This observation highlights the impact of additional elements
beyond connectivity metrics and compatible land-use mapping, such as
cultural and enriching live entertainment offerings, along with the

importance of pedestrian-friendly amenities and infrastructure on the
vibrancy and user experience of urban spaces. While gate 2 attracts a
significant pedestrian flow during the day due to its proximity to the
main bus stop, the absence of diverse and lively features contributes to a
less dynamic atmosphere.

According to Colman [87], individuals residing in lower-density
areas, or perceiving their environment as lower-density, exhibit
reduced walking activity compared to those in higher-density areas
[87–89]. Rural and remote areas have been reported to experience
elevated rates of overweight and obesity [90–92]. In regional cities, this
challenge is attributed to factors such as low population density, inad-
equate urban connectivity, and limited land-use diversity, all contrib-
uting to a decline in physical activity and walkability [26]. In support of
earlier statements, this research reveals a correlation between the
average distance covered by individuals in reaching their destinations
and the city’s density. Comparative analyses with larger cities like
Brisbane emphasise residents of Toowoomba exhibit lower rates of
walking. On average, individuals in Toowoomba City Centre traverse
approximately 150–320-metre radius from the primary entrance of the
shopping centre to their destinations, underscoring the significance of
promoting compatible land-use within a 150–320-metre radius.
Notably, the study highlights that the presence of a large park within the
shopping centre, even at distances of 1.2 km and 900-metre radius, does
not effectively attract pedestrian activity. The detrimental effect of
distance to a park on pedestrian walking will be apparent when parks
are located beyond 400-metre radius of pedestrian density [27]. This
suggests that the availability of recreational spaces alone may not suf-
fice; alignment with pedestrian preferences is‘ equally vital. Contrast-
ingly, Vaez et al. [43] discovered that individuals in the moderately
dense city of Brisbane cover distances exceeding 5 km within the city
centre to reach their destinations. This disparity in results underscores
the divergence in pedestrian movement behaviour across cities with
different population densities.

The comparison between syntactical analysis more specifically the
spatial and pedestrian-compatible land-use mapping in Toowoomba’s
low-density city centre, particularly around the Grand Central Shopping
Centre, provides insightful observations into pedestrian movement
patterns during both weekdays and weekends. The analysis identifies
that areas with high integration and connectivity values, such as gate 5,
show increased pedestrian movement, particularly when combined with
diverse and compatible land-uses, both during the day and at night, as
well as on weekdays and weekends. For example, the presence of com-
mercial spaces, public amenities, and recreational zones around well-
integrated streets encourages higher foot traffic and longer durations
of pedestrian activity. In contrast, areas with lower connectivity and
fragmented land-uses, such as gate 2, hinder pedestrian movement, even
in central locations. The spatial fragmentation limits accessibility, and

Fig. 8. (A). Pedestrian flow dynamics between gates in the study area. (A) Flow patterns between the gates of 5 and 8; (B) Pedestrian movement along the gate 5.

E. Mehrinejad Khotbehsara et al. Ain Shams Engineering Journal 16 (2025) 103184 

10 



incompatible land-use further reduces the vibrancy of these areas,
especially during nighttime. This demonstrates the importance of
aligning spatial configurations with diverse, pedestrian-friendly land
uses to encourage active transportation and livability. Therefore, the
combination of well-connected street networks, high integration values,
and mixed land-uses—particularly those that serve pedestrian
needs—proves to be the most effective in enhancing urban vibrancy and
increasing pedestrian movement in low-density city centres like
Toowoomba.

Furthermore, the study highlights a higher overall walking rate on
weekend, suggesting a potential disparity in the city’s pedestrian envi-
ronment appeal for leisurely walks on weekends. Conversely, a previous
investigation in Rasht by Askarizad and Safari [20] found elevated
pedestrian flows during weekends, attributing this to the city centre’s
relatively compatible land-use. Features like pedestrian-only streets, a
spacious square, distinctive landmarks, diverse furniture options, and
room for street events contribute to a livelier atmosphere, drawing in
more pedestrians. However, despite the Toowoomba city centre’s
interconnected street layout, the prioritisation of place-making doesn’t
align with pedestrian needs, evident in incompatible land-use identified
through ArcGIS mapping. The study emphasises that mere street con-
nectivity is inadequate, highlighting the substantial influence of land-
use compatibility on pedestrian choices. This intentional approach to
walking underscores the importance of designing city centres to be
inherently pedestrian-friendly, moving beyond mere accessibility to
actively encourage exploration and engagement with the urban fabric.
Place-making strategies in low-density cities should prioritise elements
enhancing the pedestrian experience, including well-connected streets
and, more importantly, a deeper connection with urban space through
compatible land-use. The findings underscore the significance of
fostering a pedestrian-friendly environment within low-density city
centres to promote active lifestyles and establish a profound connection
with urban spaces. Urban planners and policymakers are encouraged to
prioritise initiatives enhancing city centre walkability by incorporating
proven pedestrian-attracting features such as scenic pathways, sidewalk
widths [45,92], distances to green spaces [24,34,42], landmarks [43],
street events or gathering points [20,49] and strategically placed ame-
nities. This approach aims to encourage individuals to choose walking as
a preferred mode of exploration and transportation. Addressing spatial
isolation in deprived areas, it contributes to a vibrant urban environ-
ment and attracts pedestrians to take more walks. This study provides
critical insights that can significantly inform urban planning and policy,
particularly in the context of pedestrian behaviour within low-density
urban environments. The following implications are derived from the
key findings:

• Land-use mapping within a 320-metre radius

The study highlights the importance of land-use mapping within a
320-metre radius, particularly in densely populated city centre areas.
GPS tracking data reveal that this distance significantly influences
pedestrian route choices, underscoring the need for urban planners to
optimise land-use within this range to boost pedestrian activity and
reduce car dependency.

• Daytime focus on land-use over connectivity

During the day, land-use mapping has a greater impact on pedestrian
movement than traditional connectivity metrics. Urban planners should
prioritise land-uses that support daytime activities to create a more
vibrant and accessible environment.

• Integrating land-use and connectivity in the evening/night:

Effective integration of land-use mapping and co-street connectivity
is essential for attracting pedestrians during the evening and nighttime.

Planners should focus on creating well-lit, accessible routes with stra-
tegically placed amenities to encourage evening foot traffic.

• Promoting mixed-use development and enhancing environ-
mental comfort:

To maximise pedestrian activity, the study advocates for mixed-use
development within the 320-metre radius. By providing a variety of
accessible amenities—such as green spaces, shops, cafes, and essential
services—urban planners can significantly reduce vehicular reliance and
support a walkable environment. Simultaneously, enhancing environ-
mental comfort through the incorporation of shade trees, noise barriers,
and aesthetically pleasing street furniture is crucial. These features not
only improve physical comfort but also make urban spaces more
attractive and inviting, fostering greater pedestrian engagement.

• Implementing place-making strategies

To emphasise creating engaging, experiential, and culturally vibrant
urban spaces. This approach is broader and aims to improve the overall
atmosphere and appeal of public spaces through aesthetics, landmarks,
and events, which in turn can encourage more pedestrian activity.

• Utilising advanced analytical tools for spatial optimisation

The study recommends the use of advanced analytical tools, such as
Space Syntax and Geographic Information Systems (GIS), to assess and
optimise the spatial configurations of urban areas. These tools enable
urban planners to evaluate the effectiveness of land-use and street
connectivity in attracting pedestrian activity during both day and night.
Such data-driven approaches are essential for informed decision-making
in urban design and planning.

6. Conclusion

In conclusion, this study elucidates the intricate relationship be-
tween pedestrian movement patterns and urban design in low-density
cities, with a focus on Toowoomba City Centre. Unlike medium and
high-density cities where street integration and connectivity metrics
often dictate pedestrian flows, our research underscores the pivotal role
of land-use mapping in shaping interactions within low-density envi-
ronments. The findings reveal that land-use compatibility, cultural of-
ferings, and infrastructure significantly influence pedestrian dynamics,
particularly during daytime hours. While land-use mapping is more
influential during the day, both syntactical metrics and land-use factors
are essential in attracting pedestrians during nighttime hours. This
highlights the need for urban planners and policymakers to focus on
areas with high land-use compatibility and connectivity to enhance
urban functionality.

Moreover, the study establishes a correlation between city density
and pedestrian activity, advocating for strategic land-use within a 320-
metre radius to attract pedestrians. By prioritising place-making stra-
tegies that foster exploration and engagement, and avoiding incompat-
ible developments near high pedestrian traffic areas, urban planners can
enhance walkability and livability in low-density city centres. Future
research should explore these dynamics across different urban contexts
and examine temporal variations to further understand pedestrian
behaviour in low-density environments. These insights provide a foun-
dation for creating vibrant, pedestrian-friendly urban spaces, contrib-
uting to the overall sustainability and appeal of low-density cities.

This research lays the groundwork for future investigations into the
intricacies of pedestrians’ movemnet pattern within low-density urban
areas. While the current study specifically investigated pedestrian
movement behaviour and the amount of walking, the broader aim is to
enhance pedestrian experiences and community life in a more sustain-
able and livable manner. Future studies can build upon the findings of
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this research by:

• Conducting comparative analysis with larger cities:

Future studies can compare low-density cities like Toowoomba with
larger cities to explore differences in urban spatial configuration, place-
making strategies, and pedestrian needs across varying scales. Such
comparisons will provide valuable insights into the nuanced dynamics
that influence pedestrian movement behaviours in different urban
contexts.

• Validating findings in different cities and environments:

To enhance the broad applicability of this research, future studies
should validate the current findings in different low-density cities and
environments. This could involve comparing Toowoomba’s pedestrian
behaviour patterns with those of other low-density cities in Australia
and internationally, and investigating how cultural and climatic differ-
ences might influence the relationship between land-use, spatial
configuration, and pedestrian behaviour.

• Examining temporal variations:

Expanding on the current study by examining how pedestrian
behaviour changes across different times of day, climatic conditions, and
seasons in more case studies of city centre low-density cities. This could
provide insights into designing urban spaces that are attractive and
functional throughout the year.
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