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Social inclusion through the urban lens:
a comparative analysis of neighbourhoods of residential racial homogeneity and
heterogeneity in Cape Town, South Africa.
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The world is increasingly urbanising, more than half of the global population live within cities.
The impact of COVID-19 is having devastating effects. The United Nations estimates that the
pandemic will most likely elevate poverty and inequalities at a global scale. The World Bank’s
twin goals of ending extreme poverty and promoting prosperity and the United Nations’
Sustainable Development Goals have deemed inclusive, resilient, and sustainable cities as global
imperatives. Despite wide recognition, building inclusive cities remains a challenge.
Many studies of social inclusion are conducted at an individual or household scale, with little
emphasis on the interaction between human dynamics and the spatial characteristics of cities.
This article proposes a data driven framework for examining urban social inclusion through the
profiling of neighbourhoods by combining spatial network measurements, transport, land use and
socio-economic indicators in Cape Town, South Africa. The spatial unit of the neighbourhood is
considered an important building block within cities and has especially historically important
social and cultural connotations in South Africa. The results show that there are 4 types of
neighbourhoods, Economically disadvantaged and marginalised, Affluent and exclusive, Semi
residentially heterogeneous and Residentially heterogeneous. Neighbourhoods with increased
residential racial heterogeneity, additionally, have access to higher levels of mixed land use,
transport, and global closeness centrality. Furthermore, neither extremely high nor low-income
neighbourhoods are found to be related to racial heterogeneity. The results enable the profiling
and comparison of neighbourhoods, and it is envisioned that this evidence-based approach could
support policy makers and urban planners within decision making processes.
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Considering that more than half the world’s population reside in cities, it has never been more
important to develop better understandings of the interaction between social systems and the
spatial configurations of city structures (Calafiore et al, 2021:1). For much of the 20th century
social segregation was studied as a purely sociological phenomenon. However, recent advances
in data access and computational power, have enabled the incorporation of many previously
undocumented features and characteristics of cities, allowing for a new branch of urban analytics
to emerge (Kandt and Batty, 2020:1).
Studies of social exclusion/inclusion are traditionally conducted at the household or individual
scale, utilising survey data, such as the Global Multidimensional Poverty Index, or macroeconomic indicators, such as the Inclusive Development Index. The novelty of this paper lies
within the proposal of examining social inclusion explicitly through the lens of urbanity based on
readily available open access data sets. This paper conceptually connects social segregation with
social exclusion and directly relates these ideas to urban accessibility. The neighbourhood is
chosen as the principal component of analysis as it is theorised as both an important spatial unit
and social construct, specifically in the context of South Africa in which almost all
neighbourhoods were historically zoned by race, prior to the ending of Apartheid in 1994.
Relations between multidimensional indicators associated with neighbourhood characteristics are
explored through well recognised approaches in data analytics and statistics, principally making
use of the unsupervised classification algorithm, k-means clustering. The results reveal systemic
insights into the perpetuation of social exclusion, through highlighting properties of the urban
realm which may support or hinder a community’s capability to meaningfully participate.
Furthermore, they illustrate that there are significant differences between neighbourhood
typologies relating to accessibility, which suggest the need for localised, area-based
interventions, particularly within neighbourhoods which experience multiple forms of
deprivation. Additionally, considering the historical divisions between neighbourhoods in South
Africa, the identification of structural barriers that continue to perpetuate segregation is
paramount. The primary research question is: what is the relationship between regional spatial
inequalities associated with social exclusion and demographically residentially racially
heterogenous neighbourhoods?
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This section is composed of three parts. It firstly contextualizes South African urban
development within a global context of unequal development patterns. Secondly, it connects
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sociological ideas of integration/ segregation and social inclusion/exclusion with accessibility. It
specifically explores geographical conditions of cities which limit the ability of certain
population groups to access resources and highlights the role of space as a mediating networked
infrastructure. Finally, the neighbourhood is shown to be both an important social and urban
phenomenon, especially in the context of South Africa, providing motivation for its choice as the
unit of analysis. It is beyond the scope of this paper to comprehensively review all literature
related to these topics; it rather seeks to highlight interconnections between these concepts.
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The current state of global urban development is underscored by the United Nations World Social
Report (2020) which documents vast global inequalities with clear spatial, economic, and social
dimensions. Graham and Marvin (2001) within their seminal text, Splintering Urbanism, show
how the contemporary development of premium global networked spaces, primarily connect the
wealthy, whilst bypassing and excluding less powerful, minority groups. Within the Global
South, these patterns are pronounced, due to a long history of uneven development propagated
through colonialism and contemporary scarce financial incentives to connect the historically
disadvantaged (Graham and Marvin, 2001; King, 2016).
Within South Africa, the persistence of produced, distorted settlement patterns characterized by
social segregation and physical fragmentation is well documented (Parnell and Robinson 2012,
State of South African Cities Report, 2016). Turok et al (2021:3) note that whilst there have been
a range of local and national post-Apartheid urban frameworks developed on principles of
connected city development, shortcomings in government policy have meant that implementation
has been slow. Private investment into shopping malls, office parks and gated communities
further enhance urban exclusionary processes (Foster, 2020). Congruently, many of the historical
Central Business Districts (CBDs) are experiencing vast rates of decline (Visser and Kotze,
2007), as corporate businesses relocate to newer and more affluent urban areas, such as Sandton
in Johannesburg. Rapid urbanisation places additional strain on authorities, resulting in the
forced adoption of informal housing solutions by many new urban dwellers (Toth et al, 2021:10).
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There is widespread documentation on segregation in South Africa (Davies, 1981; Turok, 2001;
Pieterse, 2009) and internationally. In sociological literature measures of residential segregation
reflect a long body of theoretical and empirical research on what segregation means and how best
to measure it (Duncan and Duncan, 1955; James and Taeuber, 1985; Massey and Denton, 1988;
Reardon and Bischoff, 2011). The term, social exclusion, emerged later. It was coined by former
French Secretary of State for Social Action, René Lenoir (1974) and has subsequently become an
area of focus across research disciplines. Whilst quantitative, sociological studies on segregation
historically focus on measuring divisions between different groups, social exclusion, and
inclusion studies, alternatively place an emphasis on the ability of a person/group to participate
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fully within a society. Although there is no universally agreed definition for social exclusion,
Levitas et al. (2007:9) identifies social exclusion as:
“The lack or denial of resources, rights, goods and services, and the inability to participate in the
normal relationships and activities, available to the majority of people in a society, whether in
economic, social, cultural or political arenas. It affects both the quality of life of individuals and
the equity and cohesion of society as a whole.”
Conversely social inclusion can be thought as the ability to access resources and to participate in
normal relationships and activities. Recently researchers within accessibility research are linking
studies of access with social inclusion, by drawing on popular social justice theories such as
Amartya Sen’s capabilities approach (Bantis and Haworth, 2020:2). Sen (1987:48) describes
capabilities as “notions of freedom, in the positive sense: what real opportunities you have
regarding the life you may lead”. In essence, a capability is the ability to achieve and could be
equated with access to substantive opportunities. Whilst, reaching opportunities becomes more
than a function of how they are distributed in space (Pereira et al, 2017), understanding how
access to them may be restricted or enhanced by the urban environment, is an important step.
Within space syntax, the city is articulated as a relational network. Space is conceived as intrinsic
to human activity, allowing for localised and non-localised interactions (Hillier and Hanson,
1984; Hillier, 1996; Vaughan, 2007). As Hillier (1996) proposes through the theory of natural
movement, the spatial network of the street layout produces attraction inequalities, which
generate or restrict co-presence. Building on the concept of natural movement, the notion of a
dual grid structure composed of foreground and background network of street configuration is
developed (Hillier and Netto, 2001). The foreground network is morphogenetic, seeming to
generate movement, maximizing co-presence. Movement rich locations, in turn attract movement
rich land use (a condition also referred to as the movement economy, Hillier, 1996). Whereas the
background network is conservative, minimizing natural co-presence, serving to reinforce sociocultural stability.
Whilst co-presence does not necessarily translate into social integration, it may lead to social
interaction (Hillier, 1989:11). Legeby (2013) shows that public space, even if it does not create
direct interaction, has an impact on segregation. Public space offers capacity for bringing socially
distant people together (Legeby, 2013; Legeby and Marcus, 2011). In social network theory,
weak ties are known to be significant when job searching or trying to access new opportunities
(Granovetter, 1973). A recent study by Toth et al (2021) reveals how online social network
fragmentation is significantly higher in towns in which residential neighbourhoods are divided by
physical barriers such as rivers and railroads, suggesting a direct correlation between social
network divisions and morphological characteristics of space. Conversely, Jane Jacobs in her
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seminal work, Death and Life of Great American Cities (1961), advocates the importance of
active streets and land use diversity for stimulating vibrant neighbourhoods.
Church et al. (2000) emphasizes that factors which inhibit accessibility tend not to appear in
isolation and are embedded within specific geographical contexts. Oviedo (2021) notes in his
review of urban form in Latin America, that areas of economic activity tend to be far from where
most middle and low-income populations live, leading to its own form of spatial mismatch.
Disadvantaged communities are thus required to travel and pay more to access economic
opportunities. Similar patterns of spatial mismatch can be observed within the context of South
Africa. A recent study by Nelson (2021) shows how lower income neighbourhoods in Cape Town
are geographically positioned far outside of the Central Business District (CBD) relying
primarily on the paratransit minibus taxi system. Paratransit has emerged in many cities of the
Global South, inclusive of Jakarta, São Paulo, and Mexico City (Cervero et al, 2007). The mere
existence of paratransit on such a prolific scale suggests a widespread pattern in which the
economically disadvantaged reside beyond the boundaries of formal infrastructure, relying on
small scale operators to participate in everyday urban life.
To summarise, distribution effects in cities do have an impact on social exclusion (Van Wee and
Geurs, 2011). There are direct links between social exclusion and accessibility (Lucas, 2012).
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The brief review within the previous section illustrates the complex relationship between urban
configuration and the perpetuation and reproduction of social exclusion within space. However,
commonly recognised indices of social exclusion/ inclusion tend to be conducted on an
individual or household scale. Examples include the Global Multidimensional Poverty Index, The
United Nations Human Development Index and the World Economic Forum Inclusive
Development Index. In contrast, this paper proposes an explicitly urban approach. The
neighbourhood is chosen as the primary unit of analysis as in South Africa, prior to the ending of
Apartheid in 1994, all neighbourhoods were zoned by race and more broadly have been shown to
play an important role in mediating both macro (economic and political) and micro (individual
and choice) processes (Sampson, 2019:7).
Many urban design models focus on the neighbourhood as essential building blocks of cities,
these include, the Neighbourhood Unit (Clarence Perry), Radburn Planning (Clarence Stein) and
the Garden City (Ebenezer Howard). The Garden City, proposed by Ebenezer Howard (1901),
was to combine the best features of town and country life in a ring of satellites surrounding
London, the idea being to create green neighbourhoods separated from the smog of the city. This
movement spread across Britain, to the United States and to many of Britain's colonies, indeed
including South Africa. Coetzer (2013:136), in his book Building Apartheid, specifically shows
how the Garden City Movement, provided a rationalising discourse, prior to the implementation
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of Apartheid in 1948, through which the question of where and how people should live was to be
resolved in Cape Town through agglomerated, racially zoned suburbs, separated by greenbelts.
Within the social sciences there are also many conceptualisations of the neighbourhood. The
Chicago School in the 1930s theorised a three-generation assimilation model from Ethnic
Enclave to residentially integrated neighbourhoods. However, Peach (2001) and Massey and
Denton (1998) demonstrate that the Chicago School failed to differentiate between the Ethnic
Enclave and the Ghetto, which does not follow this model. The Ghetto is characterized by high
concentrations of poor and minority residents and has been perpetually plagued by structurally
induced problems of crime and physical disinvestment (Sampson, 2019). Sampson (2019:14)
advocates that large and persistent racial disparities compounded by material and social
deprivation, cannot be explained by only individual or family characteristics - the inequality is
contextual in nature.
Clustering analysis, the primary method of analysis employed within this study, is a popular
unsupervised machine learning technique which has recently been applied to several
neighbourhood studies. Bobkova et al (2019) show that the methodology for developing
neighbourhood types across three European cities is robust, as it picks up generally recognised
spatial patterns. Delmelle (2016) employs clustering to examine socioeconomic changes within
neighbourhoods over time, displaying it is as an effective method to monitor neighbourhood
change.
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Social inclusion is one of the principles underpinning the United Nations’ Sustainable
Development Goals (2015), however cities are struggling to translate this imperative into
actionable policy. There are direct links between social inclusion and accessibility and a wide
body of literature suggests that various properties embedded within the spatial configuration of
cities may limit or enhance a community’s capability to participate. Social inclusion is highly
contextual and perpetual social exclusion and inequality cannot be explained only by the
condition of an individual or household. Therefore, this paper proposes an explicitly urban lens.
Neighbourhoods, specifically in South Africa, have important historical physical, social, and
cultural connotations and thus are selected as the primary unit of analysis. K-means clustering is
used to identify relations between multidimensional indicators as it is shown to be a robust
method that can pick up both social and spatial categories.
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The research requires a methodological approach that can encompass both physical and
behavioural aspects. The precise descriptions offered by the evidence-based research techniques
of space syntax allow for a configurational understanding of both the spatial and social aspects of
this study. Space syntax is centralised on the idea that the structure of space is a product and in
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turn influencer of social structures and interaction (Dhanini et al, 2017:56). The approach focuses
on four dimensions:
-

Land-use composition
Transport
Street network configuration
Socio-economic factors

Indicators within these dimensions are aggregated to the spatial unit of the neighbourhood. This
data is inputted into the algorithm, k-means clustering, which categorises the neighbourhoods,
forming a baseline from which to compare them. The methodological framework is depicted
below.
What is the relationship between regional spatial inequalities associated with social exclusion and
demographically residentially racially integrated neighbourhoods?
1. Preparation of Data:
A. Geolocation of variables
Category

Socio-economic

Variable

Mean Income
Neighbourhood Diversity Index

Land use

Mixed Land use
Residential Land use
Business Land use
Community Land use

Transport

Minibus Taxi Stops
BRT stops
Railway stops

Street network access
B. Normalisation of variables

Mean centrality Radius Rn

Insuring all the variables are at a standard scale

2. Analysis:
C. K-means Cluster Analysis
D. Methods to determine optimal number of clusters

The Silhouette Score

3. Comparison:
E. Statistical exploration of neighbourhood categories
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F. Graphical visualisations
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The primary source of socio-economic data is derived from the South African National Census
(2011). Census data is aggregated to the scale of the neighbourhood. The neighbourhood scale is
defined by the administrative boundary lines of each neighbourhood as demarcated by the local
government. The principal source of spatial data is the Cape Town Open data Portal.
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The Neighbourhood Diversity Index (ND Index) (Maly, 2000) is employed as a measure of
demographic racial integration. The author acknowledges that all indices are, to some degree,
artificial constructs each with their own limitations. This particular index was selected as it
allows researchers to include multiple racial categories, whilst referencing the racial composition
of the larger geographic area that the neighbourhood is placed within (Maly, 2000:37). The Index
is applied to Cape Town’s neighbourhoods and inverted so that the higher values correspond to
higher levels of residential racial integration (visualised in figure 1). An important aspect of the
ND formula is that the absolute values are applied, in other words, if there is an instance in which
a larger value is subtracted from a smaller value, the negative sign is disregarded. The different
racial groups are defined as per the Census, including, White, Black, Coloured, Indian and Other.
The race, Coloured, is not to be confused with the American term - it is the official and accepted
name for people of a mixed-race background within South Africa.
Neighbourhood Diversity Index:
ND = (Cw - Tw) + (Cb - Tb) + (Cc - Tc) + (Ci - ti) + (Co - To)
Cw = city wide percentage of White people

(16% in Cape Town)

Cb = city wide percentage of Black people

(39% in Cape Town)

Cc = city wide percentage of Coloured people (42% in Cape Town)
Ci = city wide percentage of Indian people

(1% in Cape Town)

Co = city wide percentage of Other people

(2% in Cape Town)

Tw = neighbourhood percentage of White people
Tb = neighbourhood percentage of Black people
Tc = neighbourhood percentage of Coloured people
Ti

= neighbourhood percentage of Indian people

To = neighbourhood percentage of Other people
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Figure 1: Neighbourhood Diversity Index illustrating residential racial diversity
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Income, alongside the ND Index, provides deeper insights into the socio-economic structuring of
a neighbourhood. The income data, derived from Statistics South Africa, is structured so that all
adult people who reside in each neighbourhood were counted and placed within specified ranges
of received income per month, for example “0-200’ or ‘200-400’ etc. The average income is then
calculated through taking the median in the range and multiplying it by the number of people
within that range, then summing the different values per adult person and dividing that by the
total number of adult persons within the neighbourhood to derive an estimated mean. Figure 2
depicts the income distribution.
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Figure 2: Income Distribution
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Land use diversity is considered an important factor for social resilience (Jacobs, 1961;
Klinenberg, 2002). To understand the nature of land use composition, land use zoning data is
obtained from the City of Cape Town’s Open Data Portal. Business, Mixed, Residential and
Community land are quantified for each neighbourhood, as percentages of the total land use
available within that neighbourhood. Figure 3displays concentrations of Residential land use.
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Figure 3: Residential land use
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The availability of transport connections aid critical insights into potential accessibility within
and beyond a neighbourhood (Lucas, 2019; Bocarejo S and Oviedo, 2012). Three modes of
public transport are selected the Railway, Myciti Bus Rapid Transit (BRT) and paratransit
Minibus Taxi System. The Railway and the BRT are formal modes of transport, the locations of
their stops and stations are obtained from the City of Cape Town’s Open Data Portal. The exact
location of the paratransit minibus taxi routes, stops and ranks are derived from data sets gleaned
in the form of geolocated shapefiles by the company, Whereismytransport. who conducted a
private survey.
The frequency of stops and stations of each mode of transport are aggregated as counts per
neighbourhood and utilised as an indicator of transport access. Figure 4 displays the distribution
of Railway stations.
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Figure 4: Distribution of Railway Stations
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Street network accessibility is estimated through angular segment analysis. Angular segment
analysis allows for the calculation of the relative Integration levels of a street network.
Integration refers to angular closeness centrality, which measures the reciprocal of the sum of the
shortest path between every origin to every destination, in other words the potential of movement
to a street segment (to-movement), due to its angular proximity to all other segments within a
specified radius (Freeman, 1977; Hillier and Iida, 2005). The higher an integration value is for a
street segment, the more likely it is to become a destination within the spatial network. This
calculation is performed on a simplified Road Centre Line (RCL) map of Cape Town. The
angular segment analysis is executed in Depthmap software and a range of radii are calculated
and normalised. The mean value for each neighbourhood is computed and statistically correlated
with the ND Index. The radii with the strongest correlation is Mean Normalised Integration
(NAIN) at the global measure of Radius n. This indicates that the residential location of different
racial categories of people, tends to correlate best with global closeness centrality, refer to figure
5.
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Figure 5: Mean NAIN Rn
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Clustering algorithms tend not to perform well when the input numerical attributes have different
scales (Géron, 2017:63). Therefore, the indicators are normalised, which results in the values
being shifted and rescaled to range from 0 to 1.
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The variables are checked for outliers that can potentially bias the results of the cluster analysis.
Neighbourhoods which had very low population counts and consisted predominantly of
agricultural land were removed from the dataset.
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K-means clustering is an established unsupervised machine learning technique used for
classification, which enables the identification of various categories within a dataset (Geron,
2017). Unlabelled data is fed into the algorithm and then partitioned into groups or clusters based
on the nearest mean (Geron, 2017:8). The way the algorithm works is that it clusters the data
without knowing what the data represents. It finds categories through mean comparison, which
reveals relationships between groups of variables. The choice of k-means clustering in this study
has been based upon the following:
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-

It is a statistically well-established method for categorising data. In this case the
requirement for categorisation is based on the need to understand relations between the
different variables and how they manifest collectively in space.
Previous research has shown it to be methodologically robust in developing
neighbourhood typologies (Bobkova et al, 2019).
K-means clustering is generally computationally faster than other algorithms.
It can be updated over time and input with new variables (Demelle, 2016).
Although k-means clustering can be spatially weighted to reflect each neighbourhood’s
relative position, the decision was made not to do this, as the space syntax values
automatically allowed for the statistical inclusion of spatial configuration in the model.

J6262'-787>Q9:9:;'8<7'BO89Q@H':=Q?7>'BN'AH=E87>E'
The k-means clustering algorithm requires validation to determine the optimal number of
clusters. In this case, the Silhouette Score is used, for a comprehensive overview of this method
refer to Rousseuw (1986). The Silhouette Score is calculated using the mean intra-cluster
distance (a) and the mean nearest-cluster distance (b) for each sample. The best value is 1 and the
worst value is -1. Values near 0 indicate overlapping clusters. Negative values generally indicate
that a sample has been assigned to the wrong cluster, as a different cluster is more similar.
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The variations between the different categories of neighbourhoods are explored through
statistical comparisons in choropleth maps and numeric graphs. Choropleth maps are thematic
maps which illustrate variables in proportion to their measurement through a colour gradient.
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The following section documents the key findings. It commences by presenting the optimal
number of clusters and subsequently discusses the emergent categories of neighbourhoods.
For the first clustering analysis, all variables are imputed, and the optimal number of profiles
identified are 4, as can be seen in the first map depicted in figure 6a. However, to ensure that the
algorithm was not biased towards the ND Index, a second round of clustering analysis was
computed without the ND Index and the results are almost identical, refer to the second map in
figure 6b. This initial finding provides evidence that the urban configuration of the
neighbourhood is indeed related to levels of residential racial diversity.
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Figure 6: Results of the clustering analyses (A) with the ND Index and (B) without the ND Index
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Category 1 neighbourhoods, demarcated in figure 6a in dark Aqua, contain the second largest
number of neighbourhoods. This category has a clear spatial geography, located along the base of
the mountain and coastline. It is concentrated in wealth but possesses low accessibility both in
public transportation and street network configuration. These neighbourhoods are characterised
by the lowest average racial heterogeneity and land use which is predominantly residential. What
this suggests, is that the wealthy are residing in highly isolated areas of the city. This
conceptually links to Graham and Marvin’s (2001) depiction of splintered urban centres and
Foster’s (2020) description of post-Apartheid urban development defined by private and
exclusionary spaces. What is confirmed by the spatial configuration of these neighbourhoods, is
that they are globally isolated, allowing them to exist as exclusive enclaves. The street
configuration serves to conserve movement, as a background network, which has been theorised
to reinforce socio-cultural stability (Hillier and Netto, 2001). Typical characteristics of these
neighbourhoods are summarised in figure 7.

Figure 7: Typical Characteristics of Category 1 and Camps Bay

A typical example of a neighbourhood within this category is Camps Bay, depicted in figure 7.
Camps Bay is nestled between the coastline and mountain, only accessible by motorised vehicles
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through a few connecting roads. The work of Toth et al (2021), leads us to consider that these
morphological barriers are reinforcing social network fragmentation and perpetuating social
exclusion.
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Category 2 contains the largest number of neighbourhoods and represents the economically
disadvantaged. It, too, has a clear geography, for the most part located in an area known as the
“cape flats”, a name derived from its characteristically flat and sandy earth. The neighbourhood
profiles signal that not only are these residents economically deprived, but they are also deprived
in other dimensions. The land use is predominantly residential, indicating a lack of employment
opportunities, confirming a spatial mismatch. These poorer residents probably do not own private
vehicles and thus it can be construed that they rely on the paratransit minibus taxi, as they have
no Railway stations and scarce access to the BRT. Interestingly, their global closeness centrality
is generally high, in opposition to the affluent and wealthy neighbourhoods. This indicates that
whilst these neighbourhoods have been socially and economically marginalised, the wealthier
ones are more spatially segregated.

Figure 8: Category 2 and Langa
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Thus, according to Hillier’s (1996) theory of the movement economy, one would expect diverse
land use within Category 2. However, as many of these neighbourhoods lie within zones that
were classified as non-White during Apartheid, such as Khayelitsha and Mitchells Plain, they
were historically considered not suitable for economic investment. The current land use zoning
continues to reflect this, which suggests that it has not been sufficiently revised. Many of these
neighborhoods could be likened to the American Ghetto, personified by perpetual segregation,
multidimensional deprivation, and years of disinvestment (Samson, 2019). Typical characteristics
of this category are visualised in figure 8.
A typical example of a neighbourhood in this category is Langa, originally designed on Garden
City Principles (Coetzer, 2011). Langa is bounded by multiple man-made morphological barriers,
including a highway, railway line, cemetery, industrial land use and green belt, effectively
enclosing it in a kind of urban fortress. This is problematic, for even though Langa has a position
of high global centrality, these barriers locally disconnect it from the surrounding urban fabric.
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Category 3 neighbourhoods, depicted in peach in figure 6 are principally concentrated in the
southern suburbs, and adjacent to the CBD. They serve as a kind of transition zone between the
economically disadvantaged and affluent neighbourhoods. They contain higher levels of diverse
land use and income, than Category 2. The pronounced difference between this category and the
others, is increased access to transport. The accessibility of infrastructure has clear implications
on a person's ability to participate fully within a society, which can contribute significantly to
social inclusion (Lucas, 2019). Within these neighborhoods higher racial heterogeneity is
observed. These neighbourhoods represent fertile ground for intermixing as possess more
employment opportunities and transport options. Both factors appeal to diverse population groups
and thus serve as attractors.
There are several neighborhoods in this category that are located in the townships of Khayelitsha
and Mitchells Plain. It is found on closer inspection that those neighbourhoods, whilst located in
historically marginalised zones, have locally centralized positions, with higher levels of mixed
land use and transportation access, elevating them from the economically disadvantaged
categorisation. Typical characteristics of these neighbourhoods are summarised in figure 9.
Wynberg is a typical neighbourhood within Category 3, displayed in figure 9. On examination, it
is found to be continuously connected to the broader urban fabric by Main Street, which connects
to the CBD. Main Street represents more than a path of movement, but a diverse space of social
interaction and everyday life, lined with retail stores, services and sidewalks of pedestrians. The
role of streets in attracting people and supporting activities has been highlighted in the works of
Jacobs (1961) and Gehl (2010).
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Figure 9: Category 3
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Category 4 possesses the lowest number of neighbourhoods and concurrently has the maximum
average racial diversity. Therefore, whilst the city remains predominantly segregated, there are
certain areas in which residential racial diversity is emerging. This includes the Central Business
District (CBD) and multiple neighbourhoods which are adjacent to Voortrekker Street (refer to
figure 6). These neighbourhoods have decent access to the Minibus Taxi; however, the two truly
significant indicator divergences are their heterogeneous land use and that they possess the
highest mean closeness centrality out of all the categories. Category 4 reinforces the relation
between land use diversity and residential racial diversity. These results illustrate the importance
of relational thinking - residential mixing does not take place in a vacuum, it is situated within a
particular context. Diversity is a key ingredient for urban resilience, safety and thriving
neighbourhood life (Faharani, 2021). South Africa has a long history of segregation, which was
reinforced by severe area-based zoning policies. These results indicate that land use
heterogeneity and spatial accessibility are significant and should be considered within strategies
for social inclusion.
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The Central Business District (CBD) sits within this category. It is composed of a tight knitted,
gridded structure, of walkable urban blocks. Most of the neighbourhoods in this category are
connected to the CBD through Voortrekker Road (refer to figure 10). Voortrekker Road is lined
with diverse land use and pedestrian sidewalks and therefore can be considered a street. Dewar
and Todeschini (2004:87), make the distinction between a road and a street. The road, they argue,
is mono-functional, existing for the single purpose of maximizing vehicular movement. A street,
on the other hand, is a concept of multi-functionality, a social space, in which movement
channels are public spaces of interaction.

Figure 10: Category 4
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Sustainable urban development centred on social inclusion has become a global urban imperative,
and yet it has been difficult for cities to implement programs which directly address this issue or
even effectively measure or monitor it over time. This study has principally made three
contributions:
1) A theoretical and empirical motivation for the examination of social inclusion through an
urban lens and neighbourhood scale.
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2) The development of a data driven approach which allows for the identification of
systemic associations between multidimensional indicators.
3) The identification of categories of neighbourhoods that could be used to support local
policies and monitor neighbourhood effects over time.
The following sections will discuss the contributions in more detail.
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Traditional studies and indices that monitor and measure social inclusion are usually conducted at
the household or individual scale relying on survey data and mainly predominantly economic
indicators. What this study has affirmed is that people who share a neighbourhood also share, to a
certain degree, urban resources. The results align with Sampson’s (2019:14) assertion that large
and persistent racial disparities cannot be fully explained by only individual or family
characteristics - these kinds of social problems are inherently contextual in nature.
The results emphasise that there are vastly different characteristics between neighbourhoods in
Cape Town. Based on this, the neighbourhood spatial structure can be deemed to have an impact
on a community’s capability to participate and thus affect the freedom to live the life they may
choose (Sen, 1987). It can be theorised that a neighbourhood, such as Wynberg, which is
connected to the urban fabric by Main Street has greater opportunities for diverse social
interaction than for example, Camps Bay that is connected by a road designed only for motor
vehicles. Main Street serves not only as a path of movement, but an activity space and whilst this
may not lead to direct interaction it has effects on segregation (Legeby, 2013). The structure of
society is reproduced within space (Hillier and Hanson, 1984). Therefore, to foster more socially
inclusive cities and societies, systemic, local geographical factors need to be considered.
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Traditional studies of social inclusion utilize survey data, whereas this study has employed
readily available open data sets. Increased computational power and the rise of urban analytics in
recent years has enabled this (Kandt and Batty, 2020).
This has allowed for a range of indicators to be included, that perhaps before were difficult to
quantify. It has also reinforced that relational thinking, such as that embedded within urban
theories like space syntax, is required when analysing social inclusion and racial heterogeneity
within the city, to allow for an understanding of the systemic factors which reproduce these
conditions. Although this research does not show causal relations between indicators, the
neighbourhood categories which are more demographically racially integrated, congruently have
higher levels of heterogeneous land use, public transport and global closeness centrality. This
emphasizes the dynamic relationship between these categories of variables, if the problem was
examined unilaterally, a holistic picture would not be achieved.
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The two neighbourhood categories, which have the lowest levels of demographic racial
integration, are also homogenous in land use and weakly connected through public transport.
However, there are two conspicuous differences, firstly, the one category represents the affluent
and wealthy and the other, the economically deprived. The second key difference is that the
affluent neighbourhoods are spatially segregated possessing the lowest global closeness centrality
values. If we refer to space syntax theory, we can conclude that the spatial configuration of the
affluent neighbourhoods seeks to conserve co-presence, culturally reinforcing their exclusivity.
It could even be argued that these residents are participating in a form of “voluntary exclusion”.
These residents most likely own private vehicles and thus can quickly move across the city by
highway (refer to figure 6 to see how the main highway cuts through the city).
In the case of the economically disadvantaged neighbourhoods, their economic deprivation aligns
with service and transport infrastructure deprivation, which is inherently more problematic.
Contemporary neo-liberal urban investment patterns indicate little financial incentive to invest
within economically disadvantaged neighbourhoods (Graham and Marvin, 2001). Despite these
neighbourhoods possessing relatively high closeness centrality, the land use pattern does not
reflect this. If the City aimed to encourage development within these areas, rezoning land use to
mixed and economic categories, could incentivise developers. Transport is generally a complex
issue, but there is consensus that it plays a role in achieving “equity of opportunity” (Van Wee
and Geurs, 2011:355). The results show that increased access to transport, aligns with increased
racial heterogeneity. They also show that transport is highly unevenly distributed. However,
implementing large-scale transport reforms brings many challenges. The amount of negotiation
required to smoothly transition informal services as part of the government-led system, may be
the greatest and most underestimated challenge in the Global South. However, it is well known
that integrated, multi-modal transport systems inclusive of semi-formal, informal, and formal
services working together, have the potential to better serve users’ needs, improve a city’s
productivity and foster a more inclusive society.
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Four categories of neighbourhoods are identified: Affluent and Exclusive, Economically
disadvantaged and Marginalised, Semi-residentially Integrated, with diverse transport and
Residentially Integrated, with diverse land use.
The advantage of these categories is that they articulate localised differences. A one city
approach to social inclusion, therefore, would not be appropriate, as different kinds of
neighbourhoods have different needs. Within the more racially segregated neighbourhoods,
buffer zones are observed, both man-made, in the case of Langa, and natural, in the case of
Camps Bay. Toth et al (2021), show how physical segregation aligns with social network
segregation and this study illustrates that physical segregation is congruent with residential racial
segregation. Whereas the majority of neighbourhoods in Categories 3 and 4 are connected by
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Main and Voortrekker Street, which serve as more than merely paths of movement, but activity
zones and public spaces. The use of buffer zones was established to be key in the formation of
the Apartheid City (Davies, 1981:69). Therefore, an emphasis needs to be placed on the
cultivation of local, physical connectors.
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Access to transport, services, employment, and social opportunities have true social and
economic benefits. Communities share these benefits by the virtue of the spatial characteristics of
their neighbourhoods. This study presents a quantitative approach for studying social inclusion
through an explicitly urban lens based on multi-dimensional indicators. It is envisioned that this
framework could be applied in other contexts and further developed. We need both place and
person-based interventions to effect durable change (Samson, 2019). If the commitments for
creating inclusive cities are to be realised, the use of multi-dimensional, relational, and localised
approaches to understand systemic factors that perpetuate social exclusion and segregation within
cities is imperative.
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