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ABSTRACT.

How can we connect with one another?

Social isolation has become a pressing public and urban design issue, especially in rapidly developing
and increasingly fragmented cities. In the current era of rapid development in artificial intelligence,
the use of interdisciplinary computational methods to support urban design offers a promising research
direction. This master’s thesis investigates how Al-supported spatial analysis can inform urban design
strategies to address structural social isolation in Gothenburg.

The research focuses on Bergsjon, Gothenburg. The methodology combines QGIS-based spatial analysis
and Python-based data processing with three statistical modelling techniques: linear regression, logistic
regression, and K-means clustering. First, a continuous proxy for structural isolation was constructed
based on POI accessibility, combining distance to the nearest facility and the number of facilities within
walking distance. Linear regression was then used to examine how angular integration, GFA density
relate to isolation patterns. Logistic regression was applied to estimate the probability of each spatial
unit belonging to a high isolation-risk condition, producing both a continuous risk map and a categorized
design priority map. Finally, K-means clustering was used to classify high-risk areas into different spatial

types.

The results show that structural isolation in Bergsjon is spatially uneven and strongly related to low
integration, weak functional access, and fragmented urban conditions. High-risk areas are often located
near green edges, infrastructure boundaries, and spaces with poor spatial continuity. The analysis also
shows that different high-risk areas operate through different spatial mechanisms and therefore require
different design responses.

To translate these findings into site-scale design, City2Graph and Python-based network analysis were
used to examine the relationships between paths, buildings, POIs, and network centrality. These analyses
helped identify where a community spine should be strengthened and where social nodes should be
placed. Based on this evidence, a detailed design proposal is developed for one selected site, focusing on
external connectivity, public space as daily infrastructure, and targeted block retrofit.

The thesis concludes that Al-supported and graph-based spatial analysis can strengthen urban design by

revealing hidden spatial risk patterns, supporting site selection, and linking design decisions more clearly
to spatial evidence.

Project authors: Ziyue Wang
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1. INTRODUCTION
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Figure 1: Adapted from Dahlberg (2024, Figure 5)

“Overall prevalence of loneliness among people aged 65 and over in high-income countries is 28.5%,

with the prevalence reaching 31.3% among those aged 75 and over.”
- Chawla et al., 2021

1.1 Background.

Social isolation has become a growing urban problem in many European cities, exacerbated by
segregated planning patterns, economic disparities, and unequal access to public spaces. In Gothenburg,
the spatial separation between the affluent city center and marginalized neighborhoods reflects deeper
social stratification. Limited connectivity, inconvenient public transport, and inadequate social
infrastructure in these areas contribute to residents' feelings of isolation. From a professional perspective,
this thesis contributes to the field of urban design and planning by developing a data-driven, design-
driven approach that combines Al modeling with evidence-based design. The project aims to bridge

the knowledge gap between urban data analysis and design translation—how to effectively interpret
complex datasets and use them to guide design interventions aimed at improving social connectivity.
From a personal perspective, this topic is significant because it aligns with my interest in Al-assisted
urban design and spatial justice. I believe that future urban designers must link technological literacy
with social responsibility, and computational tools such as linear regression and logistic regression can
provide new insights into the humanistic dimension of urban form.



1.2 Research Aim and Question.

Research Aim

This thesis investigates how Al-supported spatial analysis can contribute to evidence-based urban design
by identifying patterns of structural social isolation in Bergsjon, Gothenburg. The study focuses on the
relationship between urban form, accessibility, built density, and everyday destinations, and examines
how these spatial conditions can be interpreted as structural isolation risk. The aim is not only to analyse
these patterns, but also to translate them into urban design strategies that can support social connection
at the community scale.

Main Research Question:

How can Al-supported spatial analysis be used to identify structural social isolation in Bergsjon and
inform evidence-based urban design strategies?

Sub - Research Question:

1. Spatial Identification

- How can structural social isolation be identified and represented through spatial variables
such as accessibility, density, and network integration?

2. Spatial classification

- How can high-risk areas be classified into different spatial types, and what different
structural mechanisms of isolation do these types reveal?

3. Design translation

- How can the identified spatial patterns of structural isolation be translated into
community-scale urban design strategies and a focused site intervention?

Delimitations.

This thesis focuses on Bergsjon in Gothenburg as a case study for exploring structural social isolation
through spatial analysis. The research is limited to spatially observable and quantifiable conditions,
including accessibility, network integration, built density, and the distribution of everyday destinations.
The study does not attempt to explain all social, psychological, or cultural dimensions of isolation.

It does not measure loneliness as lived personal experience, nor does it claim to directly represent
individual well-being. Instead, the thesis addresses structural isolation risk as a spatial condition that
may affect opportunities for encounter, participation, and access to everyday urban life.

The analytical framework is therefore limited to spatial proxies and model-based interpretation. The
results should be understood as relative and evidence-based indications of risk within the study area,
rather than as an absolute diagnosis of social isolation. In addition, the design proposal developed

in the thesis is not a full urban masterplan, but a focused design exemplification based on the spatial
mechanisms identified through the analysis.

Expected Results.

Analytical Outcomes:
- A clear Al-supported spatial workflow for identifying structural isolation risk.
- A probability-based risk map and classification of high-risk spatial types in Bergsjon.

- An interpretation of how spacial factors, and urban discontinuities relate to structural isolation risk.

Design outcomes:
- A set of cluster-based urban design strategies derived from the analytical results.
- A focused Site 4 intervention as an exemplification of Cluster 4 strategy.

- A clearer link between data-supported spatial analysis and evidence-based design decision-making.



1.3 Thesis Structure. 1.4 Glossary.

Social isolation

A condition in which individuals or groups have limited social contact, weak access to social
infrastructure, or reduced opportunities for everyday interaction. In this thesis, social isolation is
approached as a spatial and structural issue rather than only an individual condition.

I. Research Framing Spatial Analysis II. Analysis and Modelling II1. Spatial Interpretation IV. Design Translation Llnear regreSSlon
A statistical method used to examine relationships between a dependent variable and one or more

Background SR Data Preparation ey Risling St et explangtgg V.arlables'. In this th651§, linear regression 1s.used to explore how spatial variables such as

accessibility, integration, and density relate to the isolation proxy.

Aim & Question Density Analysis Linear Regression Pattern Recognition Cluster-Based Strategy Prell.mlnaljy proxy L . . . . L
In this thesis, the preliminary proxy for structural isolation is based on POI accessibility, combining
distance to the nearest facility and the number of facilities within walking distance.

Case Selection Accessibility Analysis Logistic Regression Spatial Mechanisms Site 4 Development
Logistic regression
In this thesis, logistic regression is used to estimate the probability of each spatial unit belonging to a

Komeans/Chistering high isolation-risk condition.

Piso / P_iso
Figure 2. Thesis structure diagram. Author § own work. The estimated probability of spatial isolation generated by the logistic regression model. It is used to
create a continuous risk map and to classify areas into different design priority levels.

K-means clustering
An unsupervised machine learning method that groups data into a fixed number of clusters based on
similarity. In this thesis, K-means clustering is applied to high-risk areas in order to identify different

: .. . : : spatial types and support cluster-based design strategies.
This thesis is structured as a gradual process from research framing to design translation. The first part

establishes the background of social isolation as a spatial and urban design issue, defines the research

. . . on Risk map
aim and question, and explains why Bergsjon is selected as the case study.

A spatial map showing the estimated level of isolation risk across the study area. In this thesis, the
risk map is generated from the logistic regression output and used to support site selection and design

The second part develops the analytical framework. Spatial data are prepared through QGIS and Python, prioritisation.

and three modelling tools are introduced: linear regression, logistic regression, and K-means clustering.
These tools are used to examine spatial factors related to isolation, estimate high-risk areas, and classify

: . .. Community spine
different spatial conditions.

A main spatial route proposed in the design strategy. In this thesis, the community spine is developed as

: : : : . a design response to weak spatial continuity and fragmented access.
The third part interprets the analytical results as spatial patterns rather than only statistical outputs.

Cluster reading, pattern recognition, and spatial mechanism analysis are used to understand how

Integration
isolation is produced through weak accessibility, fragmented connections, and uneven urban resources.

A spatial network measure that describes how well a street or path segment is connected within the wider

. . . . . , , urban system.
The final part translates the findings into urban design decisions. The risk map and cluster interpretation

support site selection and cluster-based strategies. The design development for Site 4 then tests how GFA Density

evidence-based spatial analysis can inform a community spine, social nodes, and targeted interventions. Gross Floor Area density. It describes the amount of built floor area within a given spatial unit. In this

thesis, it is used as an indicator of built intensity and potential activity capacity.

POI
Point of Interest. POIs refer to everyday facilities and destinations. In this thesis, POI accessibility is
used to describe how easily each spatial unit can reach everyday resources.

9 10



2. THEORETICAL AND METHODOLOGICAL FRAMEWORK
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Figure 3. Theoretical references used in this thesis. Collage by the author, based on Hillier (1996), Jacobs (1961), Castells
(1996), and Al / neural-network diagram adapted from [https.//city2graph.net/latest/]
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This thesis adopts an interdisciplinary theoretical framework that combines social-spatial theory, network
thinking, and computational urban analysis. Together, these three perspectives provide the conceptual
foundation for understanding structural social isolation as a spatial condition that can be interpreted
through urban form, relational connectivity, and data-supported analysis.

2.1 Social-Spatial Theories and Urban Isolation.

The first theoretical layer understands urban space as closely related to everyday social life. Drawing on
Henri Lefebvre’s The Production of Space (1991 [1974]) and Jane Jacobs’ The Death and Life of Great
American Cities (1961), this thesis assumes that social isolation is not only an individual or emotional
issue, but can also be partially shaped by the spatial organisation of the built environment. Lefebvre
frames space as socially produced, while Jacobs emphasises everyday street life, visibility, and informal
encounter. Therefore, this research focuses on spatial conditions that may weaken encounter, visibility,
and participation in daily urban life.

2.2 Network and Relational Urban Theories.

The second layer views the city as a system of spatial relationships rather than a collection of isolated
objects. Drawing on Manuel Castells’ The Rise of the Network Society (1996) and Bill Hillier’s Space
is the Machine (1996), this thesis understands urban space through networks, flows, accessibility, and
spatial configuration. Hillier’s theory is especially relevant for this thesis, as it explains how spatial
layout can influence movement, integration, and the potential for social encounter. This supports the
idea that structural isolation may emerge not only from a lack of local facilities, but also from weak
integration within the wider urban network.

2.3 Computational and Data-Driven Urban Theory.

The third layer situates the thesis within a computational and data-driven approach to urban analysis. Here,
Al-supported spatial analysis is used to identify patterns, compare variables, and reveal risk structures
that are difficult to see through observation alone. In this thesis, computational methods do not replace
design judgment, but support a more explicit and evidence-based connection between analysis and urban
design intervention.

12



Figure 4. Diverse Urban Spaces And A Constant Flow Of People. Photograph by author, 2024.

Spatial Scope of Social Isolation.

Within this thesis, social isolation is approached as a spatially mediated condition rather than a purely
individual or psychological state. While social isolation is shaped by a broad range of social, economic,
cultural, demographic, and health-related factors, the study deliberately limits its scope to those aspects
that can be interpreted through urban space. The focus is therefore placed on spatial conditions that
may restrict everyday encounter and participation, including weak accessibility, poor connectivity,
fragmented public space, limited visibility, and uneven access to local facilities.

This spatial limitation is important for the methodological framework of the thesis. The study does not
attempt to measure loneliness, personal social networks, or subjective experiences of isolation directly.
Instead, it examines structural spatial conditions that may increase the likelihood of isolation by reducing
access to people, services, and shared urban life. In this sense, social isolation is used as a lens through
which the relationship between urban form and social opportunity can be investigated. The aim is not to
claim that urban design alone can solve social isolation, but to explore how spatial analysis and design
intervention can contribute to more connected everyday environments.

Urban Space as a Network.

This thesis views urban space as a network of spatial relationships. Streets, paths, buildings, public
spaces, green edges, and facilities are understood not as isolated elements, but as connected parts of
everyday urban life. Their social value depends on how they support movement, access, visibility, and
encounter.

From this perspective, structural social isolation may emerge when connections are weak, routes are
fragmented, facilities are difficult to reach, or public spaces are poorly integrated into daily movement
patterns. The thesis therefore uses concepts such as accessibility, connectivity, proximity, and centrality
to examine how urban form can either reinforce or reduce isolation. This network-based understanding
provides the theoretical basis for the later use of graph-based analysis and City2Graph in the design
development.

13
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Figure 5. City2Graph framework. Modified by author from City2Graph (Sato, 2025).

Why Al Assistance Is Used in This Thesis

This thesis uses Al-supported spatial analysis not as a replacement for urban design judgement, but as
an additional analytical layer that can help reveal patterns that are difficult to identify through visual
observation alone. Social isolation is a complex and uneven spatial condition. It is often produced
through multiple overlapping factors, such as weak accessibility, low network integration, limited
functional diversity, and fragmented public space. These relationships are not always visible at the scale
of conventional site analysis.

Computational and data-driven methods allow the thesis to examine these relationships more
systematically. By combining GIS data, spatial indicators, regression models, clustering, and graph-
based analysis, the study can move from individual observations toward a more structured understanding
of risk patterns. Al assistance is therefore used to support three main tasks: identifying areas with higher
potential 1solation risk, classifying different spatial types, and translating analytical results into design
priorities.

At the same time, the thesis does not treat Al as an objective or autonomous decision-maker. The
results of the models require interpretation, contextual reading, and design judgement. In this sense,
Al functions as a tool for expanding urban analysis rather than determining design outcomes. Its value
lies in making hidden spatial relationships more visible and in strengthening the connection between
evidence, interpretation, and design strategy.

14



3. STUDY AREA AND SCOPE

Figure 6. Aerial view of Bergsjon. Modified by author from Google Maps, 2026.

3.1 Bergsjon as Case Study.

Bergsjon is selected as the case study for this thesis because it represents a complex urban condition
where questions of accessibility, connectivity, landscape, and social infrastructure overlap. Located in the
north-eastern part of Gothenburg, Bergsjon is characterised by a strong relationship between residential
areas, green landscapes, infrastructure corridors, and local centres. While the district contains significant
natural and spatial qualities, these resources are not always equally accessible or well connected within
everyday urban life.

From the perspective of this thesis, Bergsjon is not understood simply as a socially vulnerable area,
but as a spatially complex urban environment. Its fragmented connections, topographical conditions,
separated residential enclaves, and uneven distribution of everyday facilities create a relevant context
for examining structural social isolation. These conditions make Bergsjon suitable for testing how Al-
supported spatial analysis can identify hidden risk patterns and support more evidence-based urban
design decisions.

The case study allows the research to move between different scales. At the district scale, spatial data
and modelling are used to identify patterns of isolation risk and classify different high-risk spatial
types. At the site scale, the analysis is translated into design strategies that address connectivity, public
space, community nodes, and targeted block-level transformation. In this way, Bergsjon provides both
an analytical field and a design testing ground for exploring how urban design can respond to spatially
produced isolation.

15
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Figure 7. "Refurbished Million Programme homes in Rinkeby " Adapted by author from Ellgaard, licensed
under CC BY-SA4 4.0, via Wikimedia Commons.

“By the 1970s, critics were describing these areas as "concrete suburbs,"” using terms such as
"monotonous,"” "unattractive," "boring," and even "dangerous.".”

- Ristilammi, Citation, 1994

Million Programme.

Bergsjon was largely developed during the Swedish Million Programme, a national housing initiative
from 1965 to 1974. Its planning logic was based on large-scale housing production, traffic separation,
green open spaces, and functional zoning. These principles improved housing provision at the time, but
they also produced spatial conditions that remain relevant today, such as separated residential areas,
fragmented pedestrian connections, and weak links between housing, services, and public spaces. For
this thesis, the Million Programme context helps explain why Bergsjon is studied as a spatially structured
case of potential social isolation.

16



3.2 Urban Context and Spatial Timeline.

Figure 8. Timeline of Bergsjon s spatial development from the 1960s to the present.
Produced by author based on Google Maps / Google Earth imagery, 2026.

Timeline of Bergsjon’s spatial development.

Bergsjon’s current spatial condition is closely related to its historical development. From the 1960s
onwards, the area was transformed from a peripheral landscape into a planned residential district.

The timeline images show how the urban fabric gradually expanded, while the surrounding forest and
topography continued to shape the district’s boundaries. This historical process produced a spatial
structure in which housing areas, green landscapes, infrastructure corridors, and local centres are
strongly present, but not always well connected.

Based on this urban context, the spatial delimitation of the study focuses on Bergsjon and its immediate
surrounding conditions. The boundary is defined not only by administrative or visual limits, but also by
spatial relationships: residential areas, pedestrian routes, green edges, infrastructure barriers, and access
to everyday facilities. This delimitation allows the thesis to examine structural 1solation at a district
scale, while later zooming into a selected site where the relationship between risk patterns and design
intervention can be tested in more detail

17

Angular Integration Over Time
50000

45000

40000

on

35000

30000

25000

20000

Angular Integrat

15000

T

10000

R0 1960s 1970s 1980s 1990s 2000s 2010s

Year

Figure 9. Angular integration over time in Bergsjon. Produced by author based on QGIS angular integration analysis, 2026.

Angular integration over time in Bergsjon.

The angular integration diagram suggests that Bergsjon’s network condition has changed over time. The
increase in integration during the later twentieth century indicates a period of stronger spatial connection
and network consolidation. However, the later decline suggests that new development and changing
urban structures did not necessarily produce a more integrated everyday environment. This supports the
thesis argument that spatial isolation should not only be understood through the presence or absence

of facilities, but also through the changing relationships between streets, paths, buildings, and public
spaces.

18



Bergsjon in The Urban System

B Buildings 2018

Angular Integration, 500 m,
Non—motorised network
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Figure 12. Network centrality and angular integration analysis in Bergsjon. Produced by author using QGIS, 2026.

Network Centrality:

The centrality analysis reveals that Bergsjon’s spatial network
contains both integrated corridors and more isolated internal
areas. Some routes have stronger movement potential and

act as structural connectors, while others remain peripheral
within the local network. This suggests that isolation is not
only related to distance from facilities, but also to the position
of each area within the wider path system.
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Figure 11. Distribution of points of interest and everyday resources in Bergsjon. Produced by author using QGIS, 2026.

POI Distribution

The POI analysis shows that everyday facilities are not
evenly distributed across Bergsjon. Local resources tend to
cluster around specific centres, while some residential areas
have weaker access to daily services such as shops, schools,
community facilities, and public transport stops. This uneven
distribution becomes an important basis for constructing the
isolation proxy and later risk modelling.
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3.3 Scope And Delimitations.

This thesis focuses on structural social isolation as a spatial and urban design issue. It does not attempt
to measure subjective loneliness, individual social networks, or psychological experiences of isolation.
Instead, the study examines spatial conditions that may increase isolation risk, such as weak accessibility,
fragmented pedestrian connections, uneven access to everyday facilities, and poor integration between
residential areas and public spaces.

The geographical scope is limited to Bergsjon and its immediate urban context. The thesis does not study
the entire city of Gothenburg in detail. Bergsjon is selected as a case study because it contains spatial
conditions that are relevant to the research question, including large-scale residential areas, strong green
edges, infrastructural boundaries, and uneven access to local resources. Within the analysis, a distinction
1s made between a research core area and a context buffer. The core area is used for modelling,
interpretation, and design judgement, while the surrounding buffer is included to calculate spatial metrics
more accurately and reduce boundary effects caused by artificially cutting off the urban network.

A regular grid is used as the unified spatial unit of analysis. This allows different types of spatial data,
including POI accessibility, angular integration, density, and risk probability, to be compared within the
same analytical framework. The grid also avoids relying only on administrative units, which may be
uneven in size and less suitable for translating analytical findings into design decisions. In this thesis, the
grid functions as a bridge between computational analysis and later spatial intervention.

The design scope is also delimited. The thesis does not propose a comprehensive masterplan for the
whole of Bergsjon. Instead, the analytical results are used to identify high-risk spatial patterns and
support the selection of one focused design site. The final proposal is developed at a community scale,
with emphasis on external connectivity, a community spine, social nodes, and targeted block-level
intervention. This delimitation allows the thesis to test how Al-supported spatial analysis can inform
specific and evidence-based urban design strategies, rather than producing a general redevelopment plan.
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Figure 16. Methodological workflow from spatial data preparation to design-oriented mapping. Produced by author, 2026.

4.1 Workflow.

The methodology follows a three-step workflow from spatial preparation to design-oriented
interpretation. First, QGIS is used to define the research core area, context buffer, and regular grid as the
basic spatial unit. This creates a consistent framework for calculating and comparing spatial indicators.

Second, the grid-based data are processed in Python through three models: linear regression, logistic
regression, and K-means clustering. These models are used to examine spatial relationships, estimate P
1so risk probability, and classify high-risk areas into different spatial types.

Finally, the modelling results are returned to QGIS as maps. The outputs include continuous risk

distribution, design priority levels, and high-risk spatial types. In this way, the workflow connects spatial
data, Al-supported analysis, and evidence-based design decisions.
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4.2 Preliminary Proxy.

Since social isolation cannot be directly measured through the available spatial dataset, this thesis
constructs a preliminary proxy to represent potential structural isolation. The proxy is based on POI
accessibility, because previous studies have linked access to everyday facilities with urban opportunity,
social capital, and the possibility of social participation (Ashik et al., 2024; Osth et al., 2018; Kveladze,
2025).

The proxy combines two accessibility indicators: distance to the nearest POI and the number of POIs
within 1000 metres. A longer distance suggests weaker immediate access, while fewer nearby POls

indicate a lower availability of everyday resources. Both variables are standardised using z-scores so
they can be combined despite having different units.

Preliminary Proxy = z(dist_poi_min) — z(poi_within_1000m)

Figure 17. Construction of the preliminary isolation proxy based on POI accessibility. Produced by author, 2026.

variable x

/

Oy

AN

Figure 18. Explanation of z-score standardisation used to combine variables with different units. Produced by author, 2026.

z(ﬂj) — the average across all grids

The standard deviation of this variable
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In this formula, dist_poi_min represents the distance from each spatial unit to its nearest point of interest,
while poi_within _1000m represents the number of POIs within a 1000-metre walking distance. Higher
preliminary proxy values therefore indicate weaker everyday accessibility: the spatial unit is farther from
nearby facilities and has fewer reachable resources.

This proxy does not claim to measure social isolation in its full social or psychological meaning.
Instead, it functions as an initial spatial indicator of potential structural isolation. In the following steps,
preliminary proxy is used to support regression analysis and to define the high-risk label for the logistic
regression model, which later produces P_1so as the probability-based isolation risk output.

Situation Preliminary Proxy Interpretation

Far + Few Very high High isolation risk

Far + Many Medium Weak immediate access, but some resources nearby
Near + Few Medium Close access, but limited resource diversity

Near + Many Very low Low isolation risk

Table 1. Interpretation of the preliminary proxy based on POI distance and POI availability. Produced by author, 2026.

The interpretation of preliminary proxy is based on the combined effect of distance and facility
availability. Spatial units that are far from the nearest POI and have few POIs within walking distance
receive the highest proxy values, indicating a higher preliminary risk of structural isolation. In contrast,
spatial units that are close to a POI and have many reachable facilities receive the lowest values,
suggesting stronger everyday accessibility and lower isolation risk. The two intermediate conditions,
Far + Many and Near + Few, represent mixed accessibility situations: either resources exist but are not
immediately accessible, or nearby access is present but resource diversity remains limited. Therefore,
preliminary proxy does not measure isolation directly, but provides a structured way to translate POI
accessibility into an initial spatial indicator for later modelling.
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4.3 Linear Regression.

Linear regression is used as an explanatory step rather than a direct prediction of social isolation.

Its purpose is to examine how selected spatial variables are associated with the Preliminary Proxy,

which is calculated from POI accessibility. The choice of variables is based on the idea that structural
social isolation is related not only to access to everyday facilities, but also to spatial centrality and

built intensity. POI accessibility indicates opportunities for daily participation, while street centrality,
measured through local angular integration, is linked to co-presence and social separation. Previous work
by Legeby shows that low spatial integration is associated with lower co-presence, while more central
streets and public spaces can support encounter and social inclusion (Legeby, 2013; Legeby, Berghauser
Pont and Marcus, 2015). GFA density is included because built intensity can create conditions for
everyday activity, movement, and social contact.

\thesis\outputs\features_with_¥_and_angular.csy

Role Variable Type Meaning

X Local angular Independent variable Reflects local-scale network Figure 19. Linear regression between angular integration Figure 20. Linear regression between GFA density and the
. . ~ 500 ibili d - beddi and the preliminary isolation proxy. Produced by author preliminary isolation proxy. Produced by author based on
Integration, R = 500 m accessibility and spatial embedding based on QGIS and Python spatial analysis, 2026. OGIS and Python spatial analysis, 2026.

within the non-motorised network.

X GFA_density Independent variable Reflects built-up intensity and
potential activity capacity.

Y Preliminary Proxy Dependent variable A calculated proxy representing

structural social isolation. ) o o ) ) ) )
The regression results indicate that the preliminary isolation proxy is related to three spatial

dimensions: network integration, built density, and POI accessibility. Lower angular integration and

Table 2. Variables used in the linear regression framework. Produced by author, 2026. lower GFA density tend to correspond with hlgher proxy Values, while greater distance to POIs shows
the strongest positive relationship. This supports the transition from exploratory regression to the later
logistic regression model, where these spatial variables are used to estimate P_iso.

In the regression, the dependent variable is the Preliminary Proxy, and the independent variables are
local angular integration, R = 500 m, and GFA density. POI distance and POI count are excluded as
independent variables because they are already used to construct the proxy.
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4.4 Logistic Regression and Piso.

While linear regression explains the relationship between spatial variables and the preliminary proxy,
it does not directly identify which areas should be prioritised for intervention. For design translation,
this thesis needs a probability-based risk value that can be mapped, compared, and classified. Logistic
regression is therefore used to estimate the likelihood that each spatial unit belongs to a high structural
isolation-risk condition.

The process begins with the continuous preliminary proxy. To train the logistic regression model, a
binary label is generated using the 75th percentile of the preliminary proxy as the threshold. Spatial units
above this threshold are labelled as high-risk samples, while the remaining units are labelled as lower-
risk samples.

o Construct Preliminary Proxy

Construct a continuous isolation proxy based on POI accessibility.

Preliminary Proxy = z(dist_poi_min) — z(poi_within_1000m)

. 2

e Generate Binary Labels

Convert the continuous proxy into binary labels based on a defined threshold.

y_iso_bin = 1 -+ high-risk sample

y_iso_bin = @ -+ lower-risk sample
S A
s N

e Input Spatial Variables

Use selected spatial variables to train the logistic regression model.

¢ Angular integration e GFA density e POI distance o POI number

z = w - z(ang_mean) + wy - z(GFA_density) + wj; - z(dist_poi_min) + wy - z(poi_within_1000m) + b

) 2

e Estimate P;,,
Transform the linear score into the high-risk probability of each grid using the sigmoid function.

1
Piso =012) = T 0

Output: probability of high structural isolation risk

Figure 21. Flowchart of Logistic Regression. Produced by author, 2026.
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Sigmoid with expanded jitter (risk band focus)

Medium risk band

Figure 22. Sigmoid transformation from logistic regression score to P_iso probability. Produced by author based
on Python modelling and QGIS spatial analysis, 2026.

Thresholds:
Q50 = 0.207
Q75 = 0.379

UM risk _ HIGH risk
f p_iso with risk thresholds

Figure 23. Classification of P_iso into low, medium, and high risk levels using Q50 and Q75 thresholds.
Produced by author based on Python modelling and QGIS spatial analysis, 2026.

The output of the model is P_iso, which represents the estimated probability that each grid unit belongs
to the high-risk category. P_iso ranges from 0 to 1: higher values indicate a higher probability of
structural isolation risk, while lower values indicate lower estimated risk. In this thesis, P_iso is not
interpreted as an absolute measurement of social isolation, but as a relative spatial risk indicator within
the study area.

After the model estimates P _iso, the probability values are further classified into three risk levels for
design interpretation. Areas with P_iso below 0.50 are defined as low risk, areas with P_iso between
0.50 and 0.75 are defined as medium risk, and areas with P_iso above 0.75 are defined as high risk. This
classification helps translate the probability output into design priority levels.
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4.5 Risk Levels and K-Means Clustering.

After logistic regression, each grid unit receives a continuous P_iso value, representing the estimated
probability of belonging to a high structural isolation-risk condition. To make the result useful for spatial
interpretation and design decision-making, the probability values are classified into three risk levels: low,
medium, and high. In this thesis, areas with P_iso < 0.50 are defined as low risk, areas with 0.50 <P _iso
< 0.75 are defined as medium risk, and areas with P_iso > (0.75 are defined as high risk.

However, high-risk areas should not be understood as one uniform spatial condition. Different high-
risk grids may be produced by different combinations of spatial variables. For this reason, K-means
clustering is applied only to the high-risk grid units. The purpose is not to create another risk ranking,
but to identify different spatial types within the high-risk areas.

> silhouvette: [(2, 0.258),
8.305)]
cluster
27
23
26

Name: count, dtype: inté4

High-risk clusters (PCA view)

Figure 24. K-means clustering result of high-risk grid units based on spatial variables, shown in PCA view. Produced by author
based on Python clustering analysis and QGIS spatial data, 2026.
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Cluster1 : standardized feature signature

1.\

Cluster 2 : standardized feature signature

1.8

3 : standardized feature signature

Cluster4 : standardized feature signature

Figure 25. Standardised feature of the four K-means clusters. Produced by author based on Python clustering
analysis and QGIS spatial data, 2026.

The input variables for K-means clustering include local angular integration, GFA density, POI distance,
and POI number. These variables allow the model to group high-risk areas according to similarities
in local network accessibility, built intensity, and facility accessibility. The resulting clusters are then
interpreted in the following chapter as different spatial mechanisms of structural isolation risk.
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S. RESULTS AND SPATIAL INTERPRETATION

33

The K-means clustering output assigns each high-risk grid unit to a cluster. Each cluster is not interpreted
as a different level of risk, but as a different combination of spatial variables. The interpretation in Table
3 is derived from the standardised feature signatures in Figure 25 and then combined with map-based
spatial reading. Therefore, the table does not directly translate data into lived experience, but identifies
possible spatial mechanisms behind structural isolation risk.

Cluster

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Data-based feature profile
from Figure 25

Low local integration, low GFA

density, poor POl accessibility

Higher local integration, low
GFA density, medium-poor POI
accessibility

Medium local integration,
higher GFA density, medium—
good POl accessibility

Low—medium local integration,
medium GFA density, medium
POl accessibility

Spatial interpretation based
on map reading

Areas with weak network
embedding, low built intensity,
and limited nearby resources

Well-connected routes with
limited built intensity and few
everyday destinations

Denser built areas where
resources exist, but spatial
organisation may still be
insufficient

Transitional edge areas with
moderate resources but
weaker spatial embedding

Possible mechanism

Low accessibility and low activity capacity may

reinforce structural isolation risk

Movement potential exists, but
social/programmatic support is weak

Physical proximity does not automatically create
social interface or encounter

Risk may come from fragmented connections and
unclear interfaces rather than absolute lack of
resources

Table 3. Spatial interpretation of K-means clusters based on the standardised feature signatures in Figure 25 and map reading. Produced

by author, 2026.

Based on Figure 25 and Table 3, the four clusters show that high-risk areas are produced by different
spatial conditions. Cluster 1 is mainly related to low local integration, low density, and poor POI
accessibility. Cluster 2 has stronger movement potential, but limited built intensity and weak
programmatic support. Cluster 3 shows that density and resource proximity do not automatically create
social interface or encounter. Cluster 4 represents a transitional edge condition, where risk may come
from fragmented connections and unclear interfaces rather than a complete lack of resources.
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5.1 Piso Risk Distribution Map.

The P _i1so risk distribution represents the probability-based output of the logistic regression model. Each

grid cell receives a value between 0 and 1, indicating its estimated probability of belonging to a high
structural isolation-risk condition. Rather than showing social isolation as a fixed or directly observed
phenomenon, the map visualises relative spatial risk within the Bergsjon study area.

The continuous P_iso map shows that risk is not evenly distributed. Higher-risk cells tend to appear
around the edges of the research core area, near forest boundaries, infrastructural corridors, and

fragmented residential areas. Lower-risk cells are more visible in areas with stronger accessibility, better

spatial integration, and closer connection to everyday facilities. This suggests that structural isolation
risk is shaped by the combined effect of accessibility, network position, and the distribution of local

resources.

LANTMATERIET

p iso
0 - 008
0.08 - 0.159
0.159 - 0.275
0.275 - 0. 421
Il 0. 421 - 0,675
:J bergs jon_boundary

I 7 boundary context

Figure 26. Continuous P _iso risk distribution. Produced by author using Python and QGIS; base map from Lantmditeriet, 2026.
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Figure 27. P_iso risk-level classification. Produced by author using Python and QGIS; base map from Lantmditeriet, 2026.

To support design interpretation, the continuous probability values are further classified into low,
medium, and high risk levels. The high-risk areas indicate priority zones for closer spatial reading,

while the medium-risk areas are interpreted as transitional zones where small changes in connectivity,
accessibility, or public space structure may have significant design relevance. This classification provides
the basis for the following cluster analysis, which examines whether high-risk areas share similar spatial
characteristics or represent different types of isolation conditions.
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5.2 Pattern Recognition and Spatial Mechanisms.

QI Why are most high-risk areas
along the confext boundaries?

ki

Ferest / Industrial facilities

High risk

B SN

Resideniiel / High GFA /2RO

S

risk_level
B hich
 low

medi um

L J bergs jon_boundary

[ _ boundary context

Q2: Why do risk levels change intensely
in a small area or same path?

Q3: Why do some high-risk areas form large,
continuous zones instead of being scattered points?

risk_level i - L o f: risk_level
. r o 2 . .

Wl hich - § - [ - - Wl hich

B lov vy L4 | - B lov

medi um . . medi um

L J bergs jon_boundary . A # - = L J bergs jon_houndary

[ _ boundary context | # | b 4 [ _ boundary context

Figure 28. Pattern recognition of high-risk areas through annotated overlay analysis. Produced and annotated by author based on Python logistic regression results and QGIS mapping; orthophoto base map from Lantmditeriet, 2026.

After the P_iso risk levels are mapped, the results are further interpreted through zoom-in analysis
of characteristic areas. The aim of this step is not only to identify where high-risk cells are located,
but to understand why they appear in particular spatial patterns. Three recurring mechanisms

can be observed: boundary effects, fragmented social functions along paths, and the formation of
continuous high-risk zones.

First, many high-risk areas appear along the edges of the research core area, especially near

forests, infrastructure, industrial land, or large undeveloped spaces. These areas are not necessarily
isolated because they are physically far from the city, but because the boundary condition creates a
sudden reduction in spatial opportunities. Routes, facilities, and everyday destinations become less
continuous at the edge. Therefore, reducing the isolating effect of boundaries becomes an important
design focus.

Second, some areas show strong variation in risk levels along the same path or within a small area.
This suggests that physical continuity alone is not enough to support social connection. A path

may be spatially continuous, but the social functions it carries can still be fragmented. In design
terms, this means that movement routes should not only connect places, but also support encounter,
visibility, and everyday use.
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Third, some high-risk areas form larger continuous zones instead of scattered points. This indicates
that isolation risk becomes more structural when several unfavourable spatial conditions overlap,
such as weak accessibility, low integration, poor facility access, and edge conditions. In these
cases, single-point interventions are likely to be insufficient. Instead, the design response needs to
address the spatial system through connected routes, social nodes, and a broader reorganisation of
public space.

Together, these patterns show that structural isolation in Bergsjon is not produced by one factor
alone. It emerges through the relationship between boundaries, movement networks, everyday
functions, and spatial continuity. This interpretation provides the basis for the following cluster
reading and later design translation.
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6. DESIGN TRANSLATION
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6.1 Cluster-Based Strategies.

2 e ! ]
¥ 800m ‘\ Design Site 1

. 1]
B |
b |

clusters

:_] bergs_jon boundary

™~ boundary context

Figure 26. Continuous P_iso risk distribution. Produced by author using Python and QGIS; base map from Lantmditeriet, 2026.

The previous analysis shows that high-risk areas in Bergsjon do not share a single spatial
condition. Through K-means clustering, the high-risk grid cells are grouped into four cluster types,
each representing a different combination of accessibility, integration, density, and edge conditions.
This means that the design response should not be based on one universal solution, but should
respond to the specific spatial mechanism behind each cluster.

The cluster map is therefore used as a bridge between risk analysis and design strategy. Instead of
treating all high-risk areas as equal design targets, the thesis reads each cluster as a different type
of spatial problem. Some areas require stronger connections to everyday facilities, while others
need improved path continuity, better use of green edges, or more active public interfaces. In this
way, clustering helps translate statistical results into differentiated design actions.

This step also supports the selection of design locations. The aim is not to choose the area with the
highest risk value only, but to identify sites where the source of risk is spatially clear and where
design intervention can produce wider effects. The selected design site should therefore have both
a clear relationship to the cluster interpretation and the potential to influence broader patterns of
access, movement, and encounter.

Based on this logic, the thesis develops cluster-based strategies before zooming into one focused
site. Each cluster is interpreted as a design condition with its own spatial priority, allowing the later

proposal to move from general risk mapping toward targeted, evidence-based urban design.
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Cluster-Based Strategies - Cluster 1
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Figure 28. Design strategy overlay for Cluster 1, showing proposed community nodes, public linear space, and forest-edge interfaces.
Produced and annotated by author, orthophoto base map from Lantmditeriet, 2026.

Figure 27. Existing spatial condition of Design Site 1, showing industrial and service functions, forest edges, and low-density High-risk factor
surrounding land. Produced and annotated by author; orthophoto base map from Lantmditeriet, 2026. Strategy addressed Design response
1. External Connection to Low integration Create stronger pedestrian and cycling links between the site and nearby
Residential Clusters (/ine) residential clusters, especially to the west. This turns the area from an isolated
service island into part of a wider everyday route.
2. Selective Mixed-Use Low density + low Add small-scale mixed-use and community functions near the central node,
Cluster 1 1s characterised by low local integraﬁon, low GFA density, and poor POI accessibility. Densification (node / density) amenities such as workshop, local service, shared activity space, or community facility, to
This means that the high-risk condition is not only caused by a lack of everyday amenities, but increase everyday use and activity capacity.
also by weak network embeddlng and low aCthlty CapaClty' The area currently functions malnly 3. Forest and Service Edge as Weak public interface Transform the forest and service edges into accessible public interfaces with
as a service and industrial landscape, with limited public use and weak connections to nearby Interface (boundary) paths, entrances, and small staying spaces, so the edge becomes part of daily
residential clusters. movement rather than a passive boundary.
Therefore, the design response must address all three high-risk factors. Low integration is Tuble 4. Cluster I design strategies. Produced by author; 2026.

addressed by strengthening pedestrian and cycling connections to the surrounding residential
areas, especially the residential clusters to the west. Low density is addressed through selective
mixed-use densification around a community anchor, rather than full redevelopment. Poor POI
accessibility 1s addressed by adding everyday community functions and connecting them to the
movement network. In this way, Cluster 1 is treated not as an isolated activity island, but as a
potential community edge linked to the wider neighbourhood.

The Cluster 1 strategy is organised around three responses to the diagnosed high-risk factors.
First, new external connections respond to low integration by linking the area to nearby residential
clusters and wider pedestrian routes. Second, selective mixed-use densification responds to

low density by increasing everyday activity capacity around the community anchor. Third, new
local amenities and activated forest edges respond to poor POI accessibility by creating daily
destinations and usable public interfaces.
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Cluster-Based Strategies - Cluster 2

Type: High integration + low density

Scale: Community scale (primarily linear + key nodes)
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Figure 29. Existing spatial condition of Design Site 2, showing the linear infrastructure corridor, surrounding low-density land, and
service-oriented functions. Produced and annotated by author using Lantmdteriet orthophoto, 2026.

Cluster 2 is characterised by relatively high local integration, but low GFA density and medium—
poor POI accessibility. This means that the high-risk condition is not caused by disconnection,
but by an imbalance between movement potential and everyday social support. The corridor is
spatially accessible, but the surrounding built density, public functions, and local destinations are
too weak to transform movement into social encounter.

Therefore, the design response should not only improve the route itself, but also add reasons to
stop, use, and connect along the corridor. High integration is used as an opportunity to support a
public linear space. Low density is addressed through selective programmatic intensification at key
nodes, while weak amenity access is addressed by adding small everyday functions and connecting
them to nearby residential and service areas.
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Figure 30. Design strategy overlay for Cluster 2, showing the transformation of the infrastructure corridor into a public linear space
with linear nodes and community-scale interfaces. Produced and annotated by author; orthophoto base map from Lantmditeriet,

2026.
Strategy High-risk factor addressed Design response
1. Social Linear Spine (/ine) High integration but weak Use the existing movement potential to create a slower and more
social use comfortable public route, with seating, lighting, pedestrian-friendly

surfaces, and clearer crossings.

2. Programmatic Micro- Low density + weak activity Add small activity nodes along the corridor, such as kiosks, workshops, play
Nodes (node / density) capacity points, shelters, or shared service spaces, to increase everyday use and
local intensity.

3. Edge Connection and Weak POI accessibility + Strengthen connections between the corridor, adjacent buildings, green
Interface (boundary) disconnected edges spaces, and nearby residential areas through entrances, crossings, active

edges, and semi-public interfaces.

Table 5. Cluster 2 design strategies. Produced by author, 2026.

The Cluster 2 strategy responds to the diagnosed imbalance between strong integration and weak
local activity. Because the corridor already has movement potential, the aim is not simply to add
new paths, but to transform existing movement into social value. The linear spine uses the high
integration condition as a design opportunity, while micro-nodes and edge connections address the
lack of density, amenities, and everyday stopping points.

These interventions should work together. If the corridor is only improved as a route, it may remain
a passage space. By adding small programmatic nodes and stronger connections to adjacent areas,
the corridor can become a sequence of usable public moments rather than only an infrastructure
edge.
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Cluster-Based Strategies - Cluster 3
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Figure 32. Design strategy overlay for Cluster 3, showing the internal community spine, micro-centres, linear nodes, and opened
residential edges. Produced and annotated by author; orthophoto base map from Lantmditeriet, 2026.

0 0 ' 1o 2o I I e Strategy High-risk factor addressed Design response
1. Internal Community Spine Medium integration Strengthen the main internal pedestrian route and connect it to nearby
Figure 31. Existing spatial condition of Design Site 3, showing residential areas, local facilities, community garden, and (line) facilities, entrances, and green spaces, so everyday movement becomes
surrounding low-density land. Produced and annotated by author using Lantmditeriet orthophoto, 2026. more continuous and legible.
2. Shared Micro-Centres Existing density but weak Insert small shared nodes between residential clusters, such as seating
(node / programme) social organisation areas, play spaces, community rooms, or shared gardens, to turn residential

density into social capacity.

Cluster 3 1s characterised by higher GFA density, medium local integration, and medium—good

e e . . . L. . 3. Open Residential Edge Fragmented POl access + Transform closed residential edges into semi-public thresholds with
POI aCCCSSIblllty. Unlike Cluster 1 and Cluster 2’ the hlgh-I'ISk condition here is not caused by a (boundary / interface) weak interface entrances, visual openings, and small usable edge spaces, linking housing
complete lack of buildings or resources. Instead, the problem is that existing density, facilities, and to public routes and local resources.

routes do not yet form a continuous social structure.

Table 6. Cluster 3 design strategies. Produced by author, 2026.
The area already contains residential buildings, internal paths, local facilities, and nearby green
spaces. However, medium integration suggests that the internal network is not strong enough to
organise everyday movement into a clear public spine. Although POI accessibility is relatively
better, these resources remain spatially fragmented. Therefore, the design response should focus
on reorganising existing residential density, strengthening internal connections, and transforming
closed residential edges into semi-public interfaces.

The Cluster 3 strategy responds to a condition where density and resources already exist,
but are not sufficiently organised into a social structure. Therefore, the aim is not large-scale
redevelopment, but the reconfiguration of internal routes, shared nodes, and residential interfaces.

The internal community spine addresses medium integration by clarifying everyday movement
through the residential area. Shared micro-centres respond to the underused potential of existing
density by creating smaller places for meeting and staying. Open residential edges connect
housing, public routes, and nearby facilities more directly. Together, these strategies turn existing
proximity into a more legible and socially supportive neighbourhood structure.
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6.2 Why Choose Cluster 4.

* Type: Medium-built form with low efficiency

* Scale: Community scale (internal restructuring + fine-tuning of external interfaces)
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Figure 33. Existing spatial condition of Design Site 4, showing the residential enclave, surrounding forest, low-density land,
community garden, and sports field. Produced and annotated by author using Lantmditeriet orthophoto, 2026.

Cluster 4 is selected for in-depth design because it represents a critical transitional condition rather
than the most extreme high-risk case. Statistically, many of its indicators appear relatively average
when compared with other clusters. However, this is precisely what makes the cluster important for
design. It is located in a sensitive zone where small spatial changes may shift the area either towards
higher isolation risk or towards stronger everyday connectivity.

From the perspective of logistic regression, the medium-risk range is especially significant. Areas
around the middle of the probability curve are more sensitive to changes in input variables, because
small adjustments in accessibility, integration, or facility distribution can produce a larger change
in estimated risk probability. Therefore, medium-risk and transitional areas should not be treated as
less important than high-risk areas. Instead, they can be understood as spatial tipping points where
targeted design intervention may have stronger preventive effects.
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Figure 34. Medium-risk band in the logistic regression output, showing the sensitive probability range used to support the selection
of Cluster 4. Produced by author based on Python logistic regression analysis, 2026.

Figure 35. Zoom-in of adjacent risk grid cells and Attribute table of spatial units used for Cluster 4 interpretation, including
selected spatial indicators and risk-level information. Produced by author based on QGIS and Python spatial analysis, 2026.

Urban spatial interpretation also supports the choice of Cluster 4. The cluster is positioned at the
intersection of several mechanisms: residential edges, forest boundaries, fragmented paths, and
uneven access to everyday facilities. These overlapping conditions create abrupt changes between
adjacent grid cells and reveal structural fractures in the urban fabric. The area is not only a problem
zone, but also a place where relationships between housing, landscape, movement, and community
life can be reconfigured.

For this reason, the value of Site 4 lies not in being the “worst” area, but in being the most
redesignable. Its risks are spatially clear, its intervention scale is manageable, and its condition has
wider relevance for similar residential-edge environments in Bergsjon. By focusing on Cluster 4,
the thesis can test how risk mechanisms identified through spatial analysis can be translated into
implementable design strategies at the community scale.
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7.1 Design Methodology.
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Figure 36. Design translation workflow from risk mapping to site-scale design strategy. Produced by author based on QGIS,
Python, and City2Graph analysis, 2026.

After P_iso risk mapping and cluster-based interpretation, Site 4 is selected as the focus area for
design development. The previous analysis identifies where structural isolation risk is concentrated
and explains why Cluster 4 is a critical transition condition. However, district-scale risk mapping
1s not detailed enough to directly define the position of a community spine, social nodes, or spatial
interfaces. A more precise site-scale reading 1s therefore required.

At this stage, City2Graph and Python-based network analysis are used to examine the relationships
between buildings, paths, POIs, and local connection points within Site 4. The purpose is not to
produce another final risk model, but to translate the previous spatial evidence into design-relevant
rules. By analysing path—POI proximity, building—POI dependency, building—path relations,
betweenness, and degree, the study can identify which routes carry strategic movement potential and
which points are suitable for social activation.

This step forms a bridge between analysis and design. The network reading helps clarify where the
community spine should be strengthened, where social nodes should be placed, and where existing
boundaries should be transformed into more active spatial interfaces. In this way, graph-based
analysis supports the transition from large-scale risk evidence to site-specific design decisions.
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Site Research
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Figure 37. Site research map of Bergsjosvingen. Produced by author, 2026.

This map identifies the existing resources and barriers around the Bergsjosvangen design site
Although schools, shops, sports areas, wetlands, and service facilities are nearby, they are weakly
connected to the residential area. Forest edges, topography, and fragmented paths create detours and
reduce everyday accessibility. Therefore, the site does not lack resources, but lacks a continuous

spatial structure to connect them.
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7.2 From Network Evidence To Design Structure.

Graph-Based Evidence for the Community Spine

POIl—path relation
— shows resource connection

mmmmm  EXisting path network

:
;oS

|
e

Figure 39. POI-path relation analysis in Site 4, showing how local resources connect to the existing path network.
Produced by author based on QGIS, Python, and City2Graph analysis, 2026.

e
e ————

Connection lines from POIs to the nearest path
POIs / local resources

/ o Path nodes, such as path intersections or endpoints
\

Building—path relation
— shows fragmented residential access

Existing path network

Connection links from building points to the nearest path

Building centroids

Figure 40. Building—path relation analysis in Site 4, showing the fragmented relationship between residential
buildings and the local path system. Produced by author based on QGIS, Python, and City2Graph analysis, 2026.
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Betweenness
— shows potential spine route

Figure 41.Path node betweenness analysis in Site 4, identifying key movement sequences with high potential for the
community spine. Produced by author based on QGIS, Python, and City2Graph analysis, 2026.

These diagrams provide site-scale network evidence for the placement of the community spine. They
help explain how the general Cluster 4 strategy is translated into a specific spatial route.

The POI—path relation shows that local resources are present around Site 4, but they are not yet
organised as a continuous everyday structure. The building—path relation shows fragmented
connections between residential buildings and the path network. Together, these diagrams suggest
that the design should reconnect existing resources, buildings, and paths rather than simply add new
facilities.

The betweenness analysis is used to identify routes with stronger through-movement potential. In
graph theory, betweenness measures how often a node or path segment lies on the shortest routes
between other parts of the network. A higher betweenness value means that the route is more likely
to function as a connector between different areas. In this thesis, these high-betweenness sequences
help indicate where a community spine can have the greatest spatial effect.

Therefore, the proposed spine is positioned to connect existing resources, strengthen fragmented

building—path relations, and transform movement into everyday social encounter. In this way, the
spine 1s developed from graph-based evidence rather than drawn as an arbitrary design line.
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Graph-Based Evidence for Social Nodes

Building—nearest POI
— shows resource dependency

Existing path network

Links from buildings to their nearest POI
POIs / local resources

Building centroids

Figure 42. Building—nearest POI analysis in Site 4, showing how residential buildings depend on nearby everyday
resources. Produced by author based on QGIS, Python, and City2Graph analysis, 2026.

POI fixed-radius graph
— shows resource clustering

Existing path network

Fixed-radius links between nearby POIs

POIs / local resources

Figure 43. POI fixed-radius graph in Site 4, showing whether nearby POIs form a connected everyday resource
network. Produced by author based on QGIS, Python, and City2Graph analysis, 2026.
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Degree
— shows potential nodes

Figure 44. Path node degree analysis in Site 4, identifying local intersections and connection points suitable for
social nodes. Produced by author based on QGIS, Python, and City2Graph analysis, 2026.

These diagrams provide site-scale network evidence for the placement of social nodes. While the
community spine defines the main linear structure, the social nodes identify where this spine should
be anchored, interrupted, or intensified to support everyday encounter.

The building—nearest POI analysis shows how residential buildings depend on nearby everyday
resources. It indicates which facilities serve multiple buildings and where stronger connections
between housing, paths, and resources may be needed. The POI fixed-radius graph shows whether
nearby local resources form a connected resource network. Connected POI groups can support
stronger social nodes, while 1solated resources suggest the need for better path connections or
additional small programmes.

The path node degree analysis identifies local connection points in the non-motorised network. In
graph theory, degree measures how many direct edges are connected to a node. A higher degree
value means that more paths meet at that point, such as at intersections, forks, or local access points.
These locations are important because they can support route choice, orientation, and small-scale
encounter.

Therefore, social nodes are placed where resource dependency, POI concentration, and local path

connectivity overlap. In this way, the nodes are not placed randomly, but are informed by the
relationship between housing, everyday resources, and the community spine.
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Practice References

B P ¥

Figure 45. Parc de la Villette, Paris. Photograph by Nicolas Vigier, CCO0 1.0, via Wikimedia Commons. Figure 46. Tingbjerg social housing, Copenhagen. Photograph by seier+seier, licensed under CC BY 2.0, via

Parc de la Villette

Parc de la Villette is used as a reference for Cluster 4 because
it shows how a large, low-density, and weakly integrated area
can be activated through spatial structure rather than through
conventional densification. For Design Site, the reference
suggests that underused and service-oriented environments
can be transformed by creating a clear public framework. The
lesson is that activation does not always require high density;
it can also be achieved by reorganising spatial relationships
and introducing strategic public nodes.
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Wikimedia Commons.

Tingbjerg:

Tingbjerg Regeneration is used as a reference because it
addresses a residential environment where the internal
neighbourhood structure is relatively stable, but the
surrounding green buffers and external interfaces produce
spatial separation.For Site, this supports a design approach
based on preserving existing buildings, improving
connectivity, and turning forest edges into usable community
resources.
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7.3 Intervention Measures And Design Strategies

Function—Space Translation

Local Government
Housing Company

Local Associations

Community Groups

Housing Company Resident

Local Government

District Administration

Neighbouring Residents
Visitors / Passers-by

A/ USE

Community

Children & Caregivers
Youth / Teenagers
Elderly Users

Socially Isolated Users

Socially Isolated Users
Hesitant Users

Figure 47. Function—space translation diagram. Produced by author, 2026.
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"Function - Space List"

Necessary functions

entrance / arientation

Entrance / Orientation

family-friendly stop

Daily Meeting

® |12 |3

Family-Friendly Stop

shared community use

~
J
[ )

Youth Activity

nature contact

©

» Shared Community Use

@ daily meeting ® Quiet Rest
( .  Nature Contact
(Qﬁ 3 youth activity
L ; * Small Landmark / Identity Element
G
gﬁ qmet rest

N |

landmark / identity

=

This diagram translates the site analysis into a function—space list. The proposed programme is not
based only on new facilities, but on the overlap between three needs: daily use, spatial need, and
influence / stewardship. At the centre is the resident community, supported by children, elderly
users, socially isolated users, neighbouring residents, local associations, housing actors, and public
stakeholders. The resulting functions therefore focus on everyday accessibility, informal encounter,
shared use, nature contact, and small identity elements. These functions become the basis for
arranging the community spine and social nodes in the following design proposal.
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The site is further interpreted through the "Function - Space List"

relationship between visibility and social
capacity. By combining these two dimensions,
the site can be divided into different spatial
conditions: hidden and quiet pockets, visible
but low-capacity edges, enclosed social
spaces, and open areas with stronger collective
edge potential. This reading helps translate the
hesseld existing spatial structure into design rules.

open clearin :
P 9 semi-enclosed pocket

e e Highly visible areas with stronger social

edge capacity are suitable for community nodes,
shared activities, and orientation points. Low-
visibility areas are more suitable for quiet rest,
framed views, or small-scale thresholds. In
this way, the design does not apply the same
0 8 J programme everywhere, but matches each

l_. 11| _1._1__1,_5._1,_1.__1.._

Skala 13 000. SWEREF 99 TM. FH 2000 ' intervention to the spatial character of the site.

Necessary space

threshold

 celevated or terrain-based platform
* open clearing

» semi-enclosed pocket

» edge spaces

e framed corridor / view

Figure 48. Visibility and social capacity analysis of Site 4. Produced and annotated by author, 2026.
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Figure 50. Sight design concept diagram. Produced by author, 2026.
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"Sight Design" Principles Explanation

Sight design is introduced as an indirect anti-isolation strategy for
Site 4. The aim 1s not to claim that visibility alone can solve social
isolation, but to use visual connection as a spatial tool to support
encounter, perceived safety, and everyday public use. In the existing
site, many spaces are physically close to one another, but they are not
always visually connected or easy to understand. Paths, entrances,
forest edges, and shared spaces can therefore feel fragmented, hidden,
or uncertain.

By strengthening lines of sight, the design makes the spatial structure
more readable. Clear views towards entrances, activity nodes, and
landscape edges help people understand where they are, where they
can go, and where other people may be present. This can increase
natural surveillance and reduce the feeling of being isolated in unclear
or leftover spaces. Sight design therefore becomes a way to transform
physical proximity into perceived connection.

In the design proposal, this principle is applied through framed views,
opened thresholds, semi-transparent edges, and carefully positioned
community nodes. These elements allow movement routes, public
spaces, and residential edges to visually support one another. In

this way, sight design connects the analytical findings with spatial
intervention: it turns hidden or weakly perceived relationships into
visible, legible, and socially supportive places.
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Decision-Making Diagram
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Diagram 1. Decision-making diagram from Al-based spatial analysis to Site 4 design translation. Produced by author, 2026.
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From Spatial Analysis To Design Strategy

This diagram clarifies how the cluster-based analysis is translated into design strategies.
The Al-based analysis first identifies high-risk areas through the P_iso risk map, and
then uses K-means clustering to classify these high-risk areas into different spatial
types. Each cluster is diagnosed through the variables that contribute to high-risk
conditions: angular integration, B GFA density, and POI accessibility. Therefore, the
clusters are not treated only as different locations, but as different spatial mechanisms
of structural isolation.

The interpretation-based strategy responds to these mechanisms through three design
directions: line, node, and boundary. The line strategy addresses problems of weak
integration and fragmented movement by improving connectivity and spatial continuity.
The node strategy addresses low density, weak activity capacity, or insufficient
everyday social anchors by creating places for encounter and shared use. The boundary
strategy addresses unclear edges and disconnected interfaces by transforming passive
boundaries into active spatial connections.

For Site 4, the selected condition is Cluster 4, where the problem is not a complete

lack of buildings, POIs, or public resources. Instead, the analysis shows that resources
are present but difficult to connect: angular integration is low but not extreme, B GFA
density is medium, and POIs exist but are not organised into a clear everyday structure.
Therefore, the Site 4 design does not simply add new facilities. It develops the Cluster
4 strategy through four key concepts: perceived connectivity, threshold transition, semi-
open public space, and forest interface. These interventions translate the general line,
node, and boundary strategies into site-specific design actions.

In this way, the design proposal is linked back to the cluster-based analysis. The
community spine responds to weak integration, social nodes respond to underused
POI and public resources, and threshold/interface interventions respond to
fragmented spatial boundaries. The diagram therefore shows that the Site 4 design
is not an independent design proposal, but an elaboration of the diagnosed Cluster 4
mechanisms.
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Concept Generation

Connect
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Organise
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Transform

Diagram 2. Conceptual diagram of spine. Produced by author, 2026.
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The community spine is generated as the main spatial device that translates the
analytical findings into the site-specific design proposal. The Cluster 4 diagnosis shows
that Site 4 does not completely lack resources, but lacks a clear everyday structure

to connect housing, paths, POIs, public spaces, and forest edges. The graph-based
analysis further identifies path sequences, connection points, and resource relations
with stronger design potential. Based on this evidence, the spine is developed through
four design actions: connect, organise, activate, and transform. It connects existing
resources, organises movement continuity, activates key social nodes, and transforms
weak residential and forest edges into semi-open social interfaces. In this way, the spine
becomes the main structure through which movement, encounter, and everyday public

life are reconnected.
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KCI. PERCEIVED CONNECTIVITY

Site 4 1s not only challenged by insufficient physical connectivity, but also by weak perceived
connectivity. Although several paths, nodes, and destinations already exist, they are not always
visible, legible, or easy to understand from everyday movement routes. This makes the area feel
fragmented even when spatial connections are present. The design therefore strengthens framed
views, visual corridors, and aligned openings, so that routes, activities, and destinations become
more recognisable and easier to follow.

Design Strategies

Figure 51. Diagram of sight-based design strategies. Produced by author, 2026.

DSI1.1 Use framed views, visual corridors, DS1.2 Strengthen the visual continuity
and aligned openings to make routes and of the spine so that movement is guided
destinations more perceivable. by visible sequences rather than abstract

circulation
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KC2. THRESHOLD TRANSITION

Thresholds are used to create softer transitions between private housing, shared circulation,
public nodes, and landscape spaces. Instead of treating public space as something that is
suddenly entered or passed through, the design introduces gradual changes in enclosure, surface,
facade articulation, and spatial depth. These threshold conditions help residents move from
familiar private environments into shared spaces with less psychological pressure, supporting a
more comfortable and inclusive form of public life.

Design Strategies

ducing a transition space

Figure 52. Diagram of sight-based design strategies. Produced by author, 2026.

DS2.1 Introduce threshold spaces between DS2.2 Use changes in depth, enclosure,
private housing, shared circulation, and paving, and facade articulation to turn
public nodes. transition into spatial experience.
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KC3. SEMI-OPEN PUBLIC SPACE

The existing residential edges are relatively closed, which weakens visual exchange between
indoor life, outdoor spaces, and public routes. The design introduces semi-open interfaces to
transform these edges from barriers into social filters. More windows, porches, covered spaces,
buffer zones, and semi-open elements allow observation, informal contact, and everyday staying
without forcing direct interaction. This creates a more gradual relationship between inside and
outside, supporting both privacy and social presence.

Design Strategies

Increase the buffer zone at the building edge

Figure 53. Diagram of sight-based design strategies. Produced by author, 2026.

DS3.1 Open up facades with more windows DS3.2 Transform closed building edges into
and semi-open elements to increase visual socially active interfaces through porches,
exchange between indoor and outdoor covered spaces, and buffer zones.

spaces.
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KC4. FOREST INTERFACE

The surrounding forest is currently more often experienced as a boundary than as an everyday
community resource. The design reinterprets the forest edge as social infrastructure, integrating
paths, outlooks, quiet nodes, framed views, and small activity spaces into the landscape edge. In
this way, nature is no longer only a backdrop or barrier, but becomes part of the social structure
of the site. The forest edge supports rest, encounter, orientation, and ecological contact within
the community spine.

Design Strategies

Insert outlooks, quiet nodes, and edge activities

Figure 54. Diagram of sight-based design strategies. Produced by author, 2026.

DS4.1 Reconfigure the forest edge as a DS4.2 Insert outlooks, framed views, quiet
permeable and readable interface rather than nodes, and edge activities to make each part
a residual green barrier. of the social structure of the site.
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DESIGN PROPOSAL

This axonometric drawing presents the overall design proposal for
Site 4. The project reorganises the existing residential area through
a continuous community spine, connecting scattered entrances,
shared spaces, landscape edges, and public nodes into one
readable spatial sequence. The black elements indicate the main

design interventions: new shared nodes, activated ground spaces,

semi-open interfaces, and forest-edge platforms. These elemen
strengthen visual connection, slow down movement, and create
more opportunities for everyday encounter. Through this structure,
the site is transformed from a fragmented residential enclave intg

and landscape support one another.

Figure 56. Overall design proposal axonometric drawing for Site 4. Produced by author, 2026.




THE RHYTHM AND TRANSITION OF SIGHT

This section drawing explains how the community spine works across different spatial conditions. The proposal does not treat the spine as a single uniform path, but as a sequence of thresholds, social edges,
pocket spaces, and forest interfaces. Each segment responds to a different level of visibility, enclosure, and social capacity.

From the residential side to the forest edge, the design creates gradual transitions between private housing, shared outdoor space, and public landscape. Semi-open residential interfaces increase visual
exchange between homes and public routes. Framed gateways and active pockets provide small places for meeting and staying, while forest outlooks and quiet thresholds turn the landscape edge into an
everyday community resource. Together, these elements transform movement through the site into a more readable and socially supportive spatial experience.

Semi-open Residential Interface

The bui|§ding edge bs_:icornes a ss:mi—opein interface, allowing
visual ejr..chc:nge between domesiic life and the public spine.

Forest Outlook Deck / Visual Releaseé

The sequence culminates in a visual release toward the forest |
edge, where the spine opens inlo a quieter destination. |

Continuous Social Edge

The view is compressed again to mark fransifion, creating a
smaller-scale node between |c:rger spnlicﬂ episades.

‘

Framed Social Gateway Active Edge / Social Pocket

A framed social threshold that compresses the view before A tighter edge condition ereates opportunities for short stays,

opening into the shared spine small encounters, and everyday social use.

Forest Threshold / Quiet Outlook

A quiet threshold into the landscape, where the view opens
outward and the pace slows down.
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Figure 57. Section drawing showing the rhythm and transition of sight along the community spine. Produced by author, 2026.
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Figure 58. Detailed plan of the residential interface along the community spine. Produced by author, 2026.
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Central visual corridor - Central visual corridor for legibility and orientation.

= [>]

Repeated semi-open interfaces - Semi-open residential interfaces support observation, contact, and everyday visibility.

[

Gradual transition from private to shared - A softer threshold between private units and shared space

[

Low-threshold social edge - Facing edges create a daily social field rather than isolated front doors.

[l

Balance between openness and enclosure - Open enough for visibility, enclosed enough for shared use.

Figure 59. Residential interface strategy diagram. Produced by author, 2026.

This page shows the detailed spatial organisation of the residential interface along the
community spine. The existing housing blocks are kept, while the space between them i1s
restructured into a clearer shared corridor. The central path becomes a visual and social spine,
supporting orientation, everyday movement, and informal encounter.

The repeated semi-open interfaces along both sides create a softer relationship between private
homes and shared outdoor space. Instead of treating the housing edges as closed backs, the
design introduces thresholds, small pockets, and visual openings that allow residents to observe,
enter, and use the shared space more naturally. The aim is to balance openness and enclosure:
open enough to improve visibility and connection, but enclosed enough to support comfort,
safety, and local belonging.
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0 5 10 m

Figure 60. Building-scale axonometric drawing of the semi-open residential interface. Produced by author, 2026.
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» This page develops the semi-open residential
interface at the building scale. The proposal
keeps the existing housing logic, but adds a
small transitional layer between the private
interior and the shared outdoor space. This
layer works as a porch, balcony, or covered
threshold, allowing residents to observe,
pause, and enter the public spine more
gradually.

The aim is to avoid a direct contrast between
private rooms and open public space. Instead,
the semi-open interface creates a softer social
edge: visible enough to support safety and
everyday contact, but protected enough to
maintain privacy and comfort. Through this
small architectural adjustment, the housing

block becomes more connected to the
community spine and contributes to the social
life of the site.

Figure 61. Plan diagrams of the semi-open residential interface strategy. Produced by author, 2026.




Figure 62. Axonometric drawing of the semi-enclosed residential block arrangement. Produced by author, 2026.
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Figure 63. Plan diagram of the residential block arrangement. Produced by author, 2026.

 This block arrangement is designed to create
a clearer relationship between housing, shared
space, and movement. Instead of placing
buildings as 1solated objects, the blocks are
organised around a semi-enclosed communal
courtyard. This creates a central shared
space that is visible from different sides and
naturally connected to the community spine.




Semi-Open Pavilion

A semi-open pavilion provides

a sheltered community room for
informal gathering, small events, and
quiet staying.

Framed Path

The framed path creates a guided
transition between residential space,
public spine, and landscape edge.
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Figure 64. Axonometric drawing of spatial typologies along the community spine. Produced by author, 2026.

Micro-Courtyard

The social pocket works as a small-
scale node along the spine. It offers
places for sitting, meeting, and short
daily encounters

Linear Interface

The linear interface reorganises the
relationship between housing blocks
and shared outdoor space.

Node / Interface Typology

This page presents a set of spatial typologies
developed along the community spine. Each
intervention responds to a different condition of
visibility, threshold, and social capacity. Instead of
introducing one large public facility, the proposal
creates a sequence of smaller spaces that support
different forms of everyday use: passing, resting,
meeting, playing, observing, and entering the forest
edge. Together, these typologies transform the spine
into a flexible social infrastructure, where movement
is gradually combined with stay, encounter, and
community activity.
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Before And After Design Comparison

Aspect

Spatial Structure

Resource Connection

Movement Continuity

Social Nodes

Residential Edge

Forest Edge

Visual Contact

Before Design

Fragmented paths and unclear
public structure

Housing, POIs, public spaces,
and forest exist but are weakly
connected

Pedestrian routes are
discontinuous and difficult to
read

Few clear places for staying,
meeting, or shared activity

Housing edges are relatively
closed or passive

Forest works partly as a
boundary or background

Limited visibility between paths,

housing, and shared spaces

After Design

Community spine organises
movement and public space

Spine connects existing
resources into one readable
sequence

Main route becomes clearer,

more visible, and easier to follow

Social nodes are placed along
the spine at key intersections

and resource points

Semi-open interfaces and
threshold spaces are introduced

Forest edge becomes connected
to public route and activity
spaces

Framed views, semi-open
interfaces, and spatial changes

support visual contact

Expected Change

More continuous everyday structure

Stronger relationship between daily

resources

Improved legibility and orientation

More opportunities for everyday

encounter

Softer transition between private
and shared space

Forest becomes part of daily public

life

More observation and informal

social awareness

Table 7. Before And After Design Comparison. Produced by author, 2026.

The Result Of Reconnection

This page compares the existing condition with the proposed design transformation. Before the
intervention, Site 4 already contains housing, paths, POIs, public spaces, and forest edges, but these
elements are fragmented and weakly connected. After the intervention, the community spine reorganizes
these existing resources into a clearer everyday structure. Movement becomes more legible, social nodes
are placed along key routes, residential edges become more open, and the forest edge is transformed into
a shared public resource. The comparison is qualitative and shows the expected spatial improvement
produced by the design proposal.
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CONCLUSION.

This thesis investigates how Al-supported spatial analysis can be used to identify structural social
isolation risk and translate analytical findings into evidence-based urban design strategies. Rather

than treating social isolation as an individual condition, the thesis focuses on its spatial and structural
dimensions: accessibility, network position, facility distribution, spatial continuity, and the relationship
between housing, landscape, and public space.

Through QGIS, Python, linear regression, logistic regression, K-means clustering, and City2Graph-based
network analysis, the research develops a workflow from large-scale risk identification to site-scale
design translation. The P_iso risk map reveals where structural isolation risk is spatially concentrated

in Bergsjon, while clustering shows that high-risk areas do not share one single mechanism. Different
spatial types require different design responses.

The detailed design for Site 4 demonstrates how analytical evidence can inform a community-scale
proposal. The design does not rely on large-scale demolition or complete redevelopment. Instead, it
works through targeted spatial adjustments: strengthening a community spine, introducing social nodes,
opening residential interfaces, and transforming the forest edge into a usable community resource. These
interventions aim to improve perceived connectivity, spatial readability, everyday encounter, and the
relationship between residents and their surrounding environment.

The thesis concludes that Al-supported and graph-based spatial analysis can strengthen urban design
by making hidden spatial risks more visible and by supporting more precise design decisions. Its value
lies not in replacing design judgement, but in providing a clearer evidence base through which spatial
problems can be interpreted and translated into design action.
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REFLECTION.

This thesis does not claim that spatial design alone can solve social isolation. Social i1solation is a
complex issue shaped by social, economic, cultural, psychological, and political factors. However, the
built environment can influence how people move, meet, perceive safety, and access everyday resources.
For this reason, spatial design can still play an important role in reducing structural conditions that may
reinforce isolation.

A key reflection from the process is that data analysis becomes most meaningful when it is connected
to spatial interpretation. The models used in this thesis do not provide final answers by themselves.
They i1dentify patterns, probabilities, and relationships, but these findings need to be read through urban
context, site conditions, and design judgement. In this sense, Al-supported analysis should be understood
as a design-support tool rather than an automatic design generator.

The project also shows the importance of working between scales. District-scale risk mapping helped
identify where intervention may be needed, while site-scale network reading helped clarify how
intervention could happen. The movement from risk map to cluster interpretation, and then from graph-
based reading to spine, nodes, and interfaces, became the main methodological contribution of the thesis.

The final proposal is therefore not only a design for one site in Bergsjon, but also a test of a broader
workflow. It suggests that evidence-based urban design can benefit from combining computational
analysis with careful spatial reading, especially when addressing complex and hidden urban issues such
as structural social isolation.
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APPENDIX.

import pandas as pd

# z-score standardization
df["z_dist_poi min"] = (

df["dist_poi min"] - df["dist_poi_min"].mean()
) / df["dist_poi min"].std()

df["z_poi within_1@0@em"] = (
df["poi_within_16@em"] - df["poi_within_10€8m"].mean()
) / df["poi_within_1l0@em"].std()

# calculagte Y_1iso
df["Y_iso"] = df["z_dist _poi_min"] - df["z_poi_within_166em"]

Appendix 1. Python code for z-score standardisation and preliminary proxy construction. Produced by author, 2026.

Preliminary Proxy Construction

This code shows how the preliminary isolation proxy was constructed
from POI accessibility indicators. First, the distance to the nearest POI
and the number of POIs within 1000 metres were standardised using
z-score transformation, so that the two variables could be compared
despite having different units and scales.

The preliminary proxy was then calculated by subtracting the
standardised POI count from the standardised POI distance. In this
logic, grid cells that are far from facilities and have fewer nearby POls
receive higher proxy values, indicating a higher preliminary condition
of structural isolation risk.
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# 1. continuous 1isolation proxy
df["Y_iso"] = zscore(df["dist_poi_min"]) - zscore(df["poi_within_10eem"])

# 2. binary Llabel
threshold = df["Y_iso"].quantile(®.75)
df["Y_binary"] = (df["Y_iso"] >= threshold).astype(int)

# 3. features
X

df[["ang_mean", "GFA_density", "dist_poi min", "poi_within_1000m"]]

# 4. standardize X
X_scaled = scaler.fit_transform(X)

# 5. Logistic regression
model.fit(X_scaled, df["Y_binary"])

# 6. probability
df["p_iso"] = model.predict_proba(X_scaled)[:, 1]

Appendix 1. Python code for binary risk labelling, logistic regression modelling, and P_iso calculation. Produced by author, 2026.

Logistic Regression and P_iso Calculation

This code shows the main modelling process used to estimate P_
iso. The continuous isolation proxy was first converted into a binary
label by using the 75th percentile as the high-risk threshold. Spatial
variables, including angular integration, GFA density, nearest POI
distance, and POI count within 1000 metres, were then selected as
model inputs.

After standardising the input variables, a logistic regression model

was trained to estimate whether each grid cell belongs to the high-risk
category. The model output is P_iso, a probability value between 0 and
1, representing the estimated probability of high structural isolation
risk for each spatial unit.
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Appendix 4. Excerpt of the spatial feature database used for linear regression, logistic regression, and K-means
clustering. Produced by author using QGIS and Python, 2026.

Path Node Degree Calculation

This appendix shows an excerpt of the spatial feature database used
for the linear regression, logistic regression, and K-means clustering
analysis. The database was produced by extracting and calculating
spatial variables from QGIS and Python, and then joining them to the
grid-based spatial units.

Appendix 3. Excerpt of Python code used to calculate path node degree in the site-scale graph-based analysis.
Produced by author, 2026.

Each row represents one spatial unit in the study area. The columns
include geometric information, core-area identification, local angular
integration, GFA density, POI distance, POI count, the preliminary
Path Node Degree Calculation proxy, binary risk labels, predicted P_iso values, and classified risk
levels. These variables form the main input dataset for the Al-based

This code calculates path node degree from the non-motorised path spatial modelling process.

graph. In the graph, path intersections and endpoints are treated as
nodes, while path segments are treated as edges. Degree measures how
many direct path connections are linked to each node. Higher-degree
nodes indicate local intersections or access points where several routes
meet. The result was visualised to identify potential locations for social
nodes and small-scale encounters along the community spine.

The database was used in three steps: first, to test relationships between
spatial variables and the preliminary proxy through linear regression;
second, to estimate high-risk probability through logistic regression;
and third, to classify high-risk spatial units into cluster types using
K-means. This table therefore documents the computational dataset
behind the risk map and cluster-based interpretation.
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