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separate areas: one for the men, open towards the accessibility network and thus optimal
for trading, and the other for the women, open towards the inner side of the district so as to
provide more privacy to its users; given that women reportedly find it difficult to get authorized
jobs within the camp due to cultural hindrance to work far from home (UNHCR, 2015a).

Another key urban node is the school, for which a cheap and efficient typology already
implemented in Za'atari (Sinclair, 2015) has been taken as element to be reproduced along the
main locally integrated routes. This would significantly improve children’s safety and hence
school attendance, given that one of the main reasons for school dropout in Za'atari is the
insecurity of routes (UNICEF, 2014, p.59).

The third proposed urban node is a Friday mosque to be realized in a large space along the main
market road, used as distribution point but set for possible dismantlement and replacement
with a daily market extension (UNHCR, 2014j). The new mosque would be commissioned after
an international design competition, under the constraint that the structure could be totally
disassembled, and eventually replace one of the numerous damaged mosques, once return to
Syriais made possible. Like in traditional Islamic cities, the Friday mosque would open onto the
most integrated street and be directly related to the souq, resulting in the recovering of a key
spatial feature.

As for the street network improvement, to be obtained via linear devices, several solutions
can be proposed. The most important is the redressing of street lighting [Figure 8], which is
currently unevenly distributed and has concurred in the disuse of many kitchen and WASH
(water, sanitation and hygiene) facilities, too insecure to reach at night (UNICEF, 2015; Siren
Associates, 2015). The redistribution plan, to be implemented in progressive steps and subject

Figure g - Local integration pattern of Za‘atari after the improvement measures.
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to assessments and optimization, would lead to the optimal scenario where the most locally
integrated lines will be illuminated, meaning that the majority of pedestrians will be able to
safely reach key facilities.

Other proposed routes improvements are the creation of a network of pedestrian friendly
areas and a new bus network, the improvement of unused spaces with ecological areas, the
implementation of the so called ‘incremental housing’ developments, and the ‘face lift’ of
selected streets. The first proposal was hoped for by UNHCR due to numerous street accidents
involving refugees (UNHCR, 2015b), and the fact that better transports were often indicated
as key improvement by refugees themselves (REACH, 2014a). In the proposed network,
streets indicated as pedestrian friendly are the ones belonging to the super-grid of most locally
integrated lines according to the camp’s new configuration, while the bus network develops
along central but less integrated routes, so as to limit co-presence with pedestrians. The second
proposal aims at improving the camp’s space quality by introducing green features that can
also serve as space structurers and ecological elements, limiting erosion and ground pollution.
Examples of these are the desert trees planted in water-catching devices called negarim, widely
used in the Middle East (African Development Bank, 2008), and gardens of reeds and other
grey water cleaning devices, already widely implemented in Za'atari (UNHCR, 2014d; 2014e).
The third proposed improvement is the implementation of ‘incremental housing’ in the most
overcrowded areas (prevalently the ‘old town’), i.e. the replacement of caravans with improved
temporary shelters that can optionally expand to the second story at the initiative of refugees,
aimed at providing new open spaces for social and commercial activities where they are most
needed. The last and ‘softest’ proposal is to apply face-lifting techniques (like wall painting, art
decorations, and similar, all already implemented in Za'atari (UNHCR, 2014i)) in an extensive
way along selected strategic routes which need to be revitalized and structured, following
succeeding examples of Brazilian favelas upgrades (Boa Mistura 2012).

7. CONCLUSIONS

Decades of failed experiences with an amount of refugee camps, whose original layout has been
subjected to the relevant spontaneous transformation by the population, provide motivation
to the present research, which faces the problem of the analysis and improvement of refugee
camps from a new perspective, relying on space syntax’s proven ability to link spatial features
and social patterns of settlements. The assumption of a camp as a city, and not a provisional
and temporary device, suggested to use space syntax to support its development in order to
match its spatial layout to the behavioural pattern of the refugees, as they appear materialized
within the configurational features of their respective hometowns. Tests on the case study of
Za'atari camp have showed that strategies of adaptation actually implemented by refugees are
objectively describable, asthey materialize in spatial patternsthat correlate with the analytically
obtained indices: on such basis, they can be predictable with a reasonable degree of accuracy.
What is even more interesting, through spatial adaptations refugees tend to reproduce social
structures similar to those of their hometowns, and they do it by aligning the camp’s functional
apparatus (such as commercial and religious buildings) to its morphology, as well as changing
the morphology itself.

The proposed method appears suitable for addressing the question of the compatibility of an
emergency response, entrusted to standardized planning solutions and subject to few basic
regulations, with the flexibility of an informal settlement, destined to evolve according to needs
of the population.

Althoughimprovementmeasures have been proposedforan existingrefugee camp, nonetheless
the method hereby delineated can be as easily applied to the design of new camps: here the
anchor points and infrastructural routes would be a set of spatial ‘suggestions’ - setin atop down

‘WE WERE BUILDING A CAMP, THEY WERE BUILDING A CITY’ ‘| 44 ‘| 5
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Figure 10 - Possible future streetscape of Za'atari according to the described vision.

way to ensure safety and hygiene without giving up cultural affinity - from and around which
refugees could start to auto-define space and development strategies from the very beginning.
In this sense, further studies could lead to the definition of a design tool potentially suitable not
only for refugee camps, but also for the reconstruction of destroyed cities, the urban upgrade
of slums, and whatever situation that entails mass migration and fast resettlement.

Thismeanstransformingthe campinto aviable socialand economical alternative to the war-torn
places refugees are fleeing, making it a preparation laboratory for return and reconstruction.
Space can play an important role in this process, as the social ties it represents have survived
war, have been living inside the camp, and will shape the future cities where refugees will
eventually return.

‘WE WERE BUILDING A CAMP, THEY WERE BUILDING A CITY’ ‘I 44 ‘I 6
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SEA AND CITIES:

Spatial Configuration of Brazilian Urban Beaches
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lucydonegan@gmail.com

ABSTRACT

This paper compares the spatial configuration of urban beachesin Brazilian cities— Fortaleza and
Natal —and looks for patterns that might facilitate arenas of urban vitality. Beaches in Brazil are
important leisure and socialization places, and are generally seen as democratic arenas, being
federal properties legally accessible to all. The beaches selected in Fortaleza - Barra do Ceara,
Praia de Iracema and Praia do Futuro - and Natal - Redinha, Praia do Meio and Ponta Negra -
have some similar traits: swimmable warm waters all year round, fine sand and access via public
transport. Nonetheless, all beaches are characterised - and seem to be used - differently, albeit
Natal’s beaches receive a somewhat stronger stereotyping than Fortaleza’s. Public spaces
are essential assets of urban societies, having a role in fostering social diversity, and spatial
form may help unite or separate people. This paper investigates the cities’ and beaches’ spatial
configurations to understand how these might contribute to distinct characterisations and
uses, and to qualities of urban vitality. For Natal, this was the subject of a doctoral thesis and
showed that space, built form and social life interrelate. When we compare the spatial form of
beaches in Fortaleza, we see that in both cities street patterns for each beach are very distinct,
and that characterisations relate to space. However, in Natal natural boundaries help set the
beaches further away from one another, and not well connected to the city’s main routes of
movement. Fortaleza, on the other hand, has an overall less fragmented system and beaches
are less detached from the main structure. This might help explain a somewhat weaker social
distinction between beaches in Fortaleza. In both cities beaches that seem to be frequented
by the poorest economically (Redinha and Barra do Ceara) are the least accessible. In Natal,
Ponta Negra contrasts with the others as being more connected with the wider urban fabric,
and bears comparison with Praia de Iracema in Fortaleza, showing recurrent overlaps between
inhabitants’ and visitors’ potential movement. However whereas in Natal both Praia do Meio
and Redinha are spatial enclaves, this applies in Fortaleza only to Barra do Ceara, as Praia do
Futuro shows some confluence of movement. The beaches’ spatial configuration differences
(and similarities) between the cities reveal some urban dynamics, and relate to apparently
distinct social lives of beachgoers; further research can enlighten how these correspond.

KEYWORDS

Spatial Configuration, Urban vitality, Urban Beaches, Fortaleza, Natal.

1. INTRODUCTION

This paper compares the spatial configuration of urban beaches in the Brazilian cities Fortaleza
and Natal, and looks for patterns that might facilitate arenas of urban vitality, as referred to in
the literature.
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Despite the role that urban beaches play in Brazilian cities and of what is revealed when studying
relations between physical attributes and social life, there is a scarcity of studies focusing on
analysing spatial configuration of different beaches, and relating them with urban dynamics.

Beaches in Brazilian coastal cities are major leisure and socialization places. Several factors
contribute to this, such as: a historical coastal culture; the beaches’ public nature; the scarcity
of other public spaces appropriate for leisure uses; and the attractive power of the sea. In the
northeast region an all year round favourable climate and warm waters also contribute to
beaches being intensely used. As in Brazil beaches are federal properties that legally allow free
access to all, there is a general belief that these are democratic arenas.

Space configures fields of potential movement in the city (Hillier et al., 1987), thus shaping
fields of potential encounters. Studies have identified that certain spatial patterns may help
bring different people together, while others help segregate people (Legeby, 2013; Vaughan
et al., 2013). Spatial configuration was pointed out as intrinsic to the appropriation of different
areas in the city by different groups (Carmo, 2014; Vaughan, 2007), revealing processes of
segregation.

Many cities — of which Brazil's are a markedly strong example - reveal processes of social
exclusion and segregation that characterize their urban dynamics (Villaga, 2001). In Brazil
different residential neighbourhoods are occupied mainly by certain classes; and people’s
mobility in the city result in limited spheres of co-presence amongst different classes (Holanda,
2000; Netto et al., 2015).

Urban beaches seem to reflect segregation patterns in the city, as different beaches are
generally used by different people. This is expressed by beaches distinct locations and built
forms, and by beaches generally having distinct reputations. Doctoral research showed close
ties between spatial configuration, built form and social life in urban beaches, which helped
reveal urban dynamics and societal spatial relations in Natal (Donegan, 2016; Donegan and
Trigueiro, 2016). Beach neighbourhood spatial characteristics either aggravated (spatial
enclaves) or eased (grids better embedded within the overall grid) social tensions. These also
related to the beaches’ distinct reputations. Our master’s dissertation focused on a particular
beach in Fortaleza (Praia do Futuro) and found out that the distribution of different groups was
related to location within the neighbourhood and to building types (Donegan, 2011; Donegan
and Trigueiro, 2012).

Asshown by earlierresearch and personal observations, the chosen study cases - Barra do Ceary,
Praia de Iracema and Praia do Futuro in Fortaleza, and Redinha, Praia do Meio and Ponta Negra
in Natal - are all intensely and diversely used, and represent distinct locations in each city. This
paper examines these cases, focusing on street patterns and on spatial configuration attributes
—as referred to by the literature and previous research - shown to foster social mixture and ease
legibility, as qualities of urban vitality.

1.1 BEACHES IN NATAL AND IN FORTALEZA

All studied beaches benefit from beautiful natural scenery, warm swimmable waters and fine
sand, are equipped with waterfront promenades and served by public transport. In a more or
less developed manner, all have stalls that function as bars/restaurants. However, they occupy
distinct locations within the cities and exhibit different built scenarios and characterizations.

Natal is divided by the Potengi River estuary, on which the city was founded. Redinha beach is
located on the northern corner of the estuary, with a coast facing the river, and another the sea
(Figure 1). A bridge near Redinha was built recently (Ponte Newton Navarro, 2007). However it
has hardly increased mobility to the area, as it passes over the neighbourhood; the ferry that
linked both sides of the river and landed at Redinha ceased after the bridge’s completion. Praia
do Meio is located in a more central position in Natal, closest to the Old Town Centre. Ponta
Negra is located further away, at the extreme south, after Parque das Dunas preservation area,
having Morro do Careca as its limit on the other side. With approximately 3 km, it is the longest
Natal beach studied.
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Figure 1 - (i) Natal aerial image highlighting the studied beaches, the airport and the Old Town Centre. (Source:
Google earth, edited); (ii) images of the studied beaches (in 2016) (Source: the author).

Beaches in Natal receive distinct descriptions, in terms of location and social aspects, in
conversations with various people, conforming to impressions in the media, including
Wikipedia . Although not so far from the old city centre (6 km, as opposed to 14 km for Ponta
Negra), Redinha is described as a distant place that barely changed throughout the years, and
frequented by ‘common people’ especially from the northern part of the town. Praia do Meio is
described as a decadent area, formerly frequented by everyone but now mainly by locals; Ponta
Negra as a middle-class beach in a middle-class neighbourhood, and as a tourism and leisure
centre.

In Fortaleza the Ceara River marks the western limit of the city, by which Barra do Ceara is
located (Figure 2). Praia de Iracema is situated closest to the old city centre and port. The coast
continues east to Mucuripe port, after which it turns southeast, becoming the Praia do Futuro
beach, at 6 km the longest of all studied beaches.

For beaches in Fortaleza, social distinctions in day to day and media descriptions seem weaker
than in Natal, as they mainly address other issues. Although Barra do Ceard neighbourhood
is described as a socially troublesome area (due to the highest density of people and level of
criminality in the city), descriptions of the beach itself (Praia da Barra e Goiabeiras) relate to
its history — as the first arrival place for European immigrants - and to its geography — as the
estuary of the Ceara river. Praia de Iracema is usually described as culturally relevant and close
to richer areas of the city. Praia do Futuro is described as a popular and touristic beach - one of
the most well known in northeast Brazil - with a developed beach huts infrastructure. Although
intensely used, the area is less densely occupied than others in Fortaleza due to its strong salt
airimpacting on building
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Figure 2 - (i) Fortaleza aerial image highlighting the studied beaches, the airport and the Old Town Centre. (Source:
Google earth, edited); (ii) images of the studied beaches, in 2017. (Source: by the author).

1.2 SPATIAL CONFIGURATION AND URBAN VITALITY

On the face of it, the city is two things: a large collection of buildings linked by space, and a
complex system of human activity linked by interaction. (Hillier and Vaughan, 2007, p. 205)

Spatial configuration is a strong promoter of activities and uses in the city, by configuring
probable fields of movement and co-presence, i.e., when people are mutually aware of each
other (Hillier et al., 1987). Studies here address relations between spatial configurations and
social life in the city, searching for patterns that promote qualities of urban vitality, as social
mixture and legibility.

Physical attributes of the city have long been studied in relation to their impact on people’s
movement (Alexander, 1965) and on promoting more urban vitality (Jacobs, 1992). Jacobs
(1992) interpreted cities as problems in organized complexity, and highlighted contributing
factors to urban vitality, such as diversity of uses and buildings, natural surveillance (eyes on
the street), density, and a street grid which allowed many different paths between an origin/
destination (more streets).

Spaceisintrinsicto social life by people’s tendency to movein lines, interactin convex spaces and
see changing fields as they move in the built environment (Hillier and Vaughan, 2007). Studies
comparing locations within the city focus on spaces of movement, relating characteristics of
potential movement configured by the grid to different building types, activities, people’s
residence location and how they move about in their day-to-day business, thus facilitating
or restricting co-presence. Such potential movement focuses on topological accessibility,
although metric and angular parameters can be included.

In London, studies showed that poorest groups tended to locate themselves continually in
most segregated streets, whereas the well-to-do tended to reside near most accessible streets
(Vaughan, 2007). In Natal, a thesis showed that economically privileged groups appropriated
themselves of highly integrated areas of the city (Carmo, 2014), and that this was a contrast
to neighbourhoods with high demographic density. Complementarily, highly accessible streets
in Natal also presented more tertiary activities and building renewals (Trigueiro and Medeiros,
2003).
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In the USA, more connected areas hosted more social mixture (Carpenter and Peponis, 2010).
In Stockholm (Marcus and Legeby, 2012), areas with more confluence between local (R3) and
global (Rn) topological accessibility (synergy, axial analysis) presented more co-presence
amongst local inhabitants and visitors from other areas of the city. Intelligibility relates to
how well a global attribute (Rn integration) can be perceived on street level (connectivity).
High intelligibility characterized older neighbourhoods of Brazilian cities, interpreted as more
legible, as opposed to expansion areas, characterized as patchworks that did not connect well
to each other (Medeiros, 2013). Strong local-global correlations in axial analysis (Intelligibility
and Synergy) outlined areas functioning as independent systems throughout the years
(Perdikogianni and Penn, 2005), characterising a well working diversity in Clerkenwell, London.

When considering results of measures mainly addressed by segment maps (e.g. angular
segment analysis), to- and through-movement were associated to basic components of human
movement (Hillier, 2009; Hillier and Vaughan, 2007), as types of topological accessibility. To-
movement (integration) relating to visitors’ movement; and through-movement (choice)
relating to inhabitants’ movement. Corroborating this, places with stronger overlaps of such
values at different metric radii were characterized as having more diversity of activities, and
promoting more co-presence amongst different users (Vaughan et al., 2013).

Normalized choice (NACH) and integration (NAIN) values facilitated comparison of different
sized systems (Hillier et al., 2012). Neighbourhoods with recurrent overlaps of these values
through metric radii were better embedded in the overall structure (Yang and Hillier, 2012), and
exhibited more co-presence amongst different publics (Al-ghatam, 2015).

This overview summarizes a part of the research repertoire, and guides the methodology in
answering the questions: What is the spatial configuration of the beaches within each city?
Are there clear hierarchies of potential movement between them? How do they relate to their
surroundings? Are there similarities and differences between the cities? Which spatial patterns
are prone to facilitate encounters? How do these relate to the beaches’ characterization?

2. DATASETS AND METHODS

In order to compare the spatial configuration of the cities and their beaches, linear
representations of the cities’ open spaces at different modes of analysis and scales were
explored. Natal’s and Fortaleza’s systems considered all vehicular movement routes in the city,
processed for axial analysis and angular segment analysis (ASA). For ASA normalized values
were focused to compare systems of different sizes (Bill Hillier et al., 2012).

For Natal's system the linear representation was modelled between the years 2013-2015 in GIS
platform including the new airport (opened in 2014); the limits for the system encompassed
continuous grids to those in Natal’s municipality and main routes to the airport. For Fortaleza
the linear representation was created by Valério Medeiros (2009), updated by Fernanda Linard
de Paula (2011) and by the author (2013); the limits for the system were Fortaleza’s municipality,
which encompasses the airport.

Both systems were processed for axial analysis at varied topological radii (Rn, R3 and
connectivity) and for angular segment analysis (ASA) at varying metric radii (400, 800, 1200,
2400, 3200, 5000, 7000, n); normalized measures of integration (NAIN) and choice (NACH) were
processed at all metric radii. Accessibility values in this paper figures are expressed in a colour
range varying from red - for the most accessible entities - to blue —for the least.

For both axial analysis and ASA, subsystems within approximately 4oom from the coast of each
beach were separated in GIS platform. Mentions of the beaches’ neighbourhood or system in
this paper refer to this catchment area, seen to represent access routes to the beaches and
close-by walkable surroundings. Separate layers allowed comparison of accessibility levels -
and correlations between such measures - for the cities as a whole and for the beaches.
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3. RESULTS

Main spatial configuration analysis results are described separately for Natal and Fortaleza,
followed by discussion comparing the cities and beaches.

3. T NATAL

Figures 3 and 4 show the distribution of accessibility for Natal in global radius for NAIN and
NACH values (ASA).

In both axial analysis and ASA the integration core is close to the old city centre (and
neighbourhoods of Petropolis and Tirol); it is also close to Praia do Meio, but accessibility does
not spread smoothly here, as indicated by an abrupt colour change (Figure 5). Ponta Negra,
further away, is still able to reach medium-high levels of accessibility. Redinha has a drop in
accessibility (blue colours) as the area does not connect to the main set of grids in the north and
the bridge passes over it. Natal’'s main movement routes concentrate south of the river, and,
inland, connecting portions further South and North, via the Igapo bridge.

NACH highlights a set of a few main routes that reach most areas, but do not interconnect so
well. Igapo bridge has high NACH values and connects other main through-movement routes;
towards the west it completes a loop through the access roads to Natal (BR 304) passing close
to the new airport in S3o Goncalo do Amarante. The loop connects to other routes with high
NACH values that spread in different directions, and point towards Redinha and Praia do Meio
butdo notreachthese areas, whereas high NACH values reach Ponta Negra through Av. Roberto
Freire. In this measure Ponta Negra reaches highest average global accessibility (Table 2).

Comparing average accessibility measures (Tables 1 and 2), Praia do Meio exhibits highest
global integration in axial analysis (Rn) and ASA (NAIN), relating to its central position in the
system. However, at all other analysed radii, Ponta Negra presents higher accessibility (and
global NACH). Redinha is the least accessible beach at all examined radii, reaching even lower
levels than Natal.

However, Redinha reaches, overall, the highest correlation levels between topological radii
(table 1), including intelligibility (Rn-con), suggesting it works well as an independent system (l.
Perdikogianni & Penn, 2005), and a legible area (Medeiros, 2013). The settlement derived from
an old fishermen’s village later swallowed by Natal’s urban grid, rather than an expansion area.
On the other hand, Ponta Negra’s lowest topological correlations suggest it does not work well
as an independent system.

Average Accessibility Correlations
System
(number of lines)
Con R3 Rn Rn-con Rn-R3 R3-Con
Natal (13215) 3.832 2.114 0.631 0.037 0.315 0.278
Redinha (46) 2.957 1.380 0.502 0.296 0.5074 0.795
Praia Do Meio (127) 3.992 1.812 0.687 0.261 0.558 0.671
Ponta Negra (108) 4.518 1.950 0.556 0.146 0.329 0.599

Table 1-Axial accessibility levels for topological radii (average and correlations) for Natal and its beaches, highlighting
top values;
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Figure 4 - Natal’s segment map (ASA) showing normalized choice (NACH).
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Comparing the beaches neighbouring street patterns (Figure 5), Ponta Negra’s grid is more
continuous to surroundings, with similar sized blocks and a somewhat orthogonal disposition,
accompanying the smooth sea bay curve. Roberto Freire Avenue (with an orange-yellow
colouring), stretches through the area, approximating the 4oom limit catchment area. At Praia
do Meio, although the coastal avenue accompanies the sea line, its few parallel routes are short
and discontinuous. Its streets form different size and orientation patterns: there are medium-
sized blocks close to the sea, followed by smaller blocks and streets that do not connect well to
neighbouring areas, and highly integrated routes forming the city’s integration core up the hill.
Redinha presents a more organic street network accompanying the river and the sea, barely
having neighbouring grids to connect with. Situated under the bridge, Redinha barely takes
advantage of its potential movement.

Comparing overlaps between potential movement for visitors and inhabitants (NAIN/NACH) at
different metric radii (table 3), Redinha and Praia do Meio correlations are strong only at local
radii (400 and 8oom), after which there is a steady drop for Praia do Meio, and a sharp drop for
Redinha. Such restrictions point to potential to- and through-movement rarely meeting and
characterize them as spatial enclaves, not well connected with surroundings. Ponta Negra is
different, as NAIN/NACH overlaps are lower at local radii (400 m), however for all radii between
1200 and n it reaches markedly higher values.
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Figure 5 - Natal’s beaches street patterns, showing NAIN values (ASA);
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System
(Number Of 400 800 1200 2400 3200 5000 7000 n
Segments)
Natal (40060) 0.299 0.340 0.332 0.299 0.340 0.332 0.299 0.183
Redinha (90) 0.4414 0.424 0.271 0.235 0.239 0.240 0.243 0.238

Praia Do Meio (358) 0.449 0.402 0.385 0.313 0.227 0.157 0.185 0.163

Ponta Negra (307) 0.291 0.408 0.461 0.488 0.527 0.558 0.387 0.410

Table 2 - NAIN/NACH Correlations (R?) at metric radii for Natal and its beaches (ASA), highlighting top values.

Although metrically distant from the city’s integration core, Ponta Negra’s high average
accessibility levels and to- and through-movement correlations show it well knitted to
surroundings; albeit not working well as an independent system (low topological radii
correlations).

Most of the city’s connections face the river rather than the sea, following the old town centre
setting. The studied beaches are outside Natal’s integration core, and are set apart from each
other. This is partly due to natural boundaries: as the Igapd River divides the north and central
zones (and Redinha from Praia do Meio) and Parque das Dunas preservation area separates
the main grid from the coastal route (and Praia do Meio from Ponta Negra). Fragmentation is
also facilitated by its discontinuous grid, corroborating Medeiros’ (2013) description of Brazilian
cities as patchworks.

3. 2 FORTALEZA

Fortaleza exhibits higher average integration levels (0.919 for Rn, axial and 1.136 for NAIN,
ASA) than Natal (respectively 0.631 and 0.863), being an overall less fragmented system. Main
to- and through-movement routes in global radius spread out from the old city centre radially,
whereas many grids maintain orthogonal connections.

The city’s integration core (Figure 6) spreads south and, to a lesser degree, south-east of the old
town centre (through Benfica, Joaquim Tavora and Aldeota neighbourhoods). The integration
core approximates Praia de Iracema, with some drop in accessibility closer to the coast. High
NACH values also represent a radial system stemming from the old city centre (Figure 7), with
a few routes spreading towards extremes of the system - as Av. Santos Dumont reaching Praia
do Futuro — and other more circumferential routes that interconnect the radial.

System Average Accessibility Correlations (r?)
(number of lines) Con R3 Rn Rn-con Rn-R3 R3-Con
Fortaleza (12372) 4.755 2.262 0.919 0.101 0.416 0.406
Barra Do Ceara
.030 1.952 0.848 0.190 0.628 0.501
(133) 4.03 95 4 9 5
Praia De Iracema 7.416 2.667 1.134 0.582 0.883 0.642
(77)
Praia Do Futuro
(68) 4.60 2.345 0.923 0.101 0.679 0.394

Table 3 - Axial accessibility levels (average and correlations) for topological radii (axial analysis) for Fortaleza and its
beaches, highlighting top values;
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Figure 6 - Fortaleza's segment map (ASA) showing normalized integration (NAIN).

Figure 7 - Fortaleza’s segment map (ASA) showing normalized choice (NACH).
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Globally, Praia de Iracema reaches highest average levels on all investigated measures (table
5); it maintains highest levels in axial analysis for all radii and at most metric radii for NAIN and
NACH. At some local to intermediate radii (ASA, NACH 1200m, NAIN 4oom and 1200m), Praia
do Futuro reaches higher average accessibility. Barra do Ceara maintains the lowest average
accessibility levels at all examined measures and radii, lower than Fortaleza.

Praia de Iracema has highest correlations between topological radii accessibilities (Table &),
exceeding the other beaches significantly for intelligibility. This suggests it is a legible area that
works well independently (Medeiros, 2013; Perdikogianni and Penn, 2005).

System NACH NAIN

number of lin
(number of lines) 400 1200 2400 | 5000 n 400 1200 | 2400 | 5000 n

Fortaleza (49427) 0.967 | 1.019 | 1.004 | 0.977 | 0.902 1.457 | 1.352 | 1.298 | 1.262 | 1.136

Barra Do Ceara
(382) 0.931 | 0.945 | 0.902 | 0.866 | 0.785 1.194 | 0.995 | 0.977 | 0.992 | 0.928
Praia De Iracema
(272)
Praia Do Futuro
(2120)

0.974 | 1.046 | 1.035 | 0.997 | 0.912 1.438 | 1.504 | 1.633 | 1.627 | 1.305

0.903 | 1.069 | 1.029 | 0.986 | 0.889 | 1.558 | 1.587 | 1.259 | 1.061 | 1.044

Table 4 - Average accessibility levels at metric radii for Fortaleza and its beaches (ASA), highlighting top values.

Street patterns show that all beaches are distinct in terms of catchment sizes, and that of its
blocks and streets, as well as their continuity to the larger urban grid (Figure 8). Although Praia
do Futuro is situated at an extreme of the system, its connections are more continuous to
surroundings than Barra do Ceard, and it reaches higher accessibility levels. Contrasts in sizes
of street segments and blocks can be identified clearly between these beaches, although Barra
do Ceard encompasses a smaller area, it has more lines than Praia do Futuro (Table 4). Barra do
Ceara exhibits the mostirregular and organic distribution of all, working independently from the
wider urban system (following Parham, 2012 studies of informal settlements). Praia do Futuro
presents longer roads forming orthogonal connections and large blocks with two avenues
accompanying the sealine. Praia de Iracema is somewhere in between these situations in terms
of block sizes and orientation; there is continuity to neighbouring areas and routes following
the coastline, while some smaller routes knit this fabric locally. Praia de Iracema presents a
structure with more internal hierarchies than in Praia do Futuro’s case, while maintaining some
continuity to surroundings.
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Figure 8 - Fortaleza’s beaches surrounding street pattern, showing NAIN values (ASA);

Overlaps between NAIN and NACH values point to potential overlaps in movement for visitors
and inhabitants, and was compared for various metric radii (Table 6). As a whole, Fortaleza
presents higher values than Natal. Specifically, Praia de Iracema stands out with the highest
correlations at all examined metric radii, pointing to various movements logics overlapping in
its grid. For the other beaches, correlations are lower and vary, although not as much as occurs
in Natal. Praia do Futuro maintains an over 0.3 correlation at most examined radii (and over 0.4
up to 1200m), pointing to some confluence of potential movement between inhabitants and
visitors, and some embedding within the wider urban fabric (following Yang & Hillier, 2012). For
Barra do Ceara strong overlaps concentrate at local scales — thus not well embedded - but still
reach a wider range of metric radii than Praia do Meio and Redinha in Natal.
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System
(Number Of 400 800 1200 2400 3200 5000 7000 n
Segments)
Fortaleza (49427) 0.359 0.373 0.349 0.294 0.271 0.248 0.241 0.229
Barra Do Ceara
0.410 0.426 0.410 0.316 0.301 0.278 0.2919 0.277
(382)
Praia De Iracema
(271) 0.444 0.498 0.535 0.483 0.508 0.542 0.538 0.490
Praia Do Futuro
(210) 0.416 0.483 0.437 0.310 0.374 0.332 0.335 0.262

Table 5— NAIN/NACH Correlations (R2) at metric radii for Fortaleza and its beaches (ASA), highlighting top values.

Although Fortaleza also has discontinuous grids resembling patchworks (Medeiros, 2013), its
system exhibits more continuity than Natal, and less significant natural boundaries. Although
the beaches have distinct spatial configurations, in Fortaleza they are also less detached from
the city’s main movement routes, which are closer to the coast (as is the old city centre).

4. DISCUSSION AND CONCLUSION

There are similarities amongst the chosen beaches relating to location hierarchies within the
city. For each city one beach is closest to the old city centre and is the most integrated globally
(Praia do Meio in Natal, Praia de Iracema in Fortaleza). Two beaches are at extremes of the city
(Redinha and Ponta Negra in Natal; Barra do Ceara and Praia do Futuro in Fortaleza), and one
of these is recurrently segregated (Redinha in Natal, Barra do Ceard in Fortaleza). Nonetheless,
there are also some trends that differentiate spatial patterns in both cities, and in their three
studied beaches.

Although public spaces of cities should foster mixture (Sennet, 2006), the studied cities and
beaches point to spatial configurations revealing urban dynamics and processes of social
exclusion. As a common trait in both cities, the least accessible beaches at all examined radii
are frequented by the poorest economically (as is the case for Redinha and probably for Barra
do Ceard); this reveals strong processes of exclusion and corroborates findings elsewhere
concerning the location of marginalized groups (Vaughan, 2007).

Spatial form of beaches in Natal and in Fortaleza show that distinct characterisations relate to
distinct spatial configurations. For Ponta Negra and Praiade Iracema, day to day characterization
seem to be positive within each city, and seem to relate to a spatial configuration that allows for
some intermingling of people and activities.

Ponta Negra is more continuous to the wider urban fabric as opposed to the other beaches
in Natal; although metrically further away from the city’s integration core and the old town
centre, its grid connects better to surroundings and reaches medium/high accessibility. It bears
some comparison with Praia de Iracema in Fortaleza, as both show recurrent overlaps between
inhabitants and visitors potential movement at different metric scales. Indeed they seem to
accommodate more social mixture than the other beaches in each city, although at Ponta Negra
earlier research showed that social mixture was still somewhat limited, and many frequenters
were tourists (as depicted in its characterisation).

It seems that Praia de Iracema in Fortaleza might approximate more than any other studied
beach our ideal situation of urban vitality, as it exhibits spatial patterns shown to facilitate
legibility and encounters between people. The area has high accessibility levels at varied scales
and modes of analysis, highest correlations across topological radii (axial analysis) and highest
overlaps between potential to- and through-movement at all explored metric radii (ASA),
implying potential intermingling of diverse people and activities. These spatial attributes are
highlighted by the literature and previous research as facilitating urban vitality (movement,

SEA AND CITIES: 3
Spatial configuration of brazilian urban beaches ] 4 5 . .l



ng
N
"% Proceedings of the 11t Space Syntax Symposium

legibility and social mixture). Indeed it seems very lively, as it hosts many local and large scale
events, such as the pre-carnival bands and the city’s New Year’s Eve concerts and fireworks. At
another level its promenade and beach seem constantly used by different people.

In Natal natural boundaries help separate the beaches from one another, and from the city’s
main routes of movement. Fortaleza, on the other hand, has an overall less fragmented system
and beaches are less detached from the main structure. This might help explain a somewhat
weaker social distinction between beaches in Fortaleza, whereas in Natal the beaches receive
stronger locational and social labels, especially those functioning as spatial enclaves. Whereas
in Natal both Praia do Meio and Redinha are spatial enclaves — as potential to- and through-
movement seldom meet - this applies in Fortaleza only to Barra do Ceard, and even there to a
lesser extent. Praia do Futuro exhibits some confluence of movement and was shown to have
a heterogeneous public in previous research (Donegan, 2011; Donegan and Trigueiro, 2012),
which varied, however, within the beach itself.

Althoughthere are hierarchiesamongst the beaches, Fortaleza presents a less spatially reclusive
grid than Natal; its beaches, globally and locally, are better knitted with surroundings and allow
more overlaps between different potential journeys. Higher degrees of social mixture are hinted
at in general descriptions of the beaches, and are perceived in our day-to-day experiences. We
thus also suggest that there might be more tolerance between the socially diverse in Fortaleza,
in spite of it also being a violent city.

To ascertain whether differences and similarities of spatial configuration do indeed relate to
society, and if indeed Fortaleza harbours more social mixture than Natal, the next stage of
research will be to survey and compare social life. As studies relating built form attributes and
society at urban Brazilian beaches have been scarcely tackled, there are yet other avenues
for future research, e.g. studying architecture-society relations in a finer grain and expanding
findings to other coastal cities.

Relations between observed uses so far and spatial patterns at our urban beaches reinforce
attributes pointed out in the literature as promoting more, or less, urban vitality. Despite the
sea’s attractive role and the intensity of uses, beaches reveal urban dynamics. Research on this
theme contributes to understanding the culture of beach use in Brazil and its relations with
overall segregation patterns.
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THE AGENCY OF JERUSALEM LIGHT RAIL:

A ‘conflict infrastructure’ beyond its representation
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ABSTRACT

The Jerusalem Light Rail (JLR), while used by all groups to commute between the northern
parts and central Jerusalem, has been seen as a ‘conflict infrastructure’. The article studies to
what extent the JLR has exacerbated the conflict between different ethnic-cultural groups
because of the way in which it frames people’s everyday experience in the city. Through reading
the work of Keller Easterling’s (2014), it is argued that that infrastructure possesses agency and
thus may not perform according to the declared intent. In the case of the JLR, it was intended to
portray an image of a ‘united city’ based on the Jewish-Israeli narrative (Nolte andYacobi, 2015).
The work will focus on how the JLR has performed in the transportation network of Jerusalem
independent of this stated intent rather than how it represents the space and accumulates
meaning through this declared intention. The spatial and statistical analysis, with the aid of
the GPS tracking data derived from Raanan and Shoval’s (2014) work, are used to test to what
extent the JLR, combined with the bus network, has reshaped the space and people’s mobility,
and potentially the social relations among different ethnic-cultural groups, namely secular
Jews, ultra-orthodox Jews and Arabs. The work finds that while the JLR has not significantly
changed the spatial configuration of Jerusalem, it suggests three hypotheses according to
the analysis results. First, the JLR has probably brought more people to the existing shared
space. Secondly, the topology of the street network may draw passengers into ultra-orthodox
Jewish neighbourhoods. Thirdly, the JLR has very likely increased the mobility of Jews and
Arabs unevenly because of the unequal services between the Israeli and Palestinian bus system.
Consequently, due to the way in which the JLR frames daily experience, such as daily routines
and human co-presence, it has intensified the multi-ethnic/cultural conflict not only thanks to
its declared intent.

KEYWORDS

Jerusalem, Light Rail, Bus, Infrastructure, Conflict

1. INTRODUCTION

Infrastructure space is used by Keller Easterling (2014) to describe contemporary urban
phenomena that are generated by repeatable formulas of infrastructure. In Jerusalem, being
a contested city with deep-rooted conflicts between Jews and Arabs, infrastructure space is
more notable in a way that ‘produce[s] and reproducel[s] its own national space by means of
segregation and its containment of ethnic minorities’ (Nolte and Jacobi, 2015, p. 30). One of
the reasons is that the re-organisation of spatial forms can potentially reshape the patterns of
movement and co-presence, and subsequently the integration and segregation patterns (Hillier
and Vaughan 2007).
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For Easterling (2014), infrastructure space behaves like software, which is operated by the
interplay of ‘active forms’, instead of ‘object forms’ like iconic buildings or master plans. Active
forms can be organisational, act as social stories or both. Organisational active forms include
the notions of the ‘multiplier’, ‘switch/remote’, ‘wiring/topology’, and ‘interplay/governor’.
‘Multipliers’ like cars and elevators change the urban environment as well as society dramatically
through propagation. ‘Switches’ suppress and redirect to modulate a flow of activities, such
as a terminal in a transportation network. Multipliers and switches are assembled in relative
position and sequence in a network, which is the ‘wiring/topology’ of an organisation, while
the ‘interplay/governor’ can modulate the flow of information in infrastructure space by a set
of instructions for the interplay between active forms (/bid.). The operation of infrastructure
space is unlike static objects and volumes in urban space which usually perform according to
the designers’ or politicians’ desire.

These active forms prevail in Jerusalem. The local buses, most of which are operated by an
Israeli company and Palestinian companies separately, running on the street network, and
the Israeli neighbourhoods in East Jerusalem are the omnipresent examples of ‘multipliers’.
The light rail stations act as ‘switches’ between the bus network and the Jerusalem Light Rail
(JLR), which started connecting Mount Herzl in West Jerusalem to Pisgat Ze'ev, the largest
Israeli neighbourhood in East Jerusalem, in late 2011 (Figure 1). At the same time, the JLR has
reshaped the ‘topology’ of the network because of its massive passenger capacity and unique
routeing that passes through neighbourhoods of different ethnic-cultural groups in Jerusalem.

Figure 1 - Aerial photo of Jerusalem with the JLR and boundaries
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Through interplaying with the active forms, the JLR has reshaped Jerusalem. Various forms
of infrastructure in Jerusalem are believed to perform politically as assigned by architects,
planners, urban designers and transport engineers, as recognised by urban theorists (Barghouti,
2009; Yacobi, 2012). As Nolte and Yacobi (2015) discern, the JLR is a tool of enforcing the Israeli
authorities’ vision of the ‘united city’ through both spatial practice and in its ‘public discourse,
depiction and symbols’. Their vision of Jerusalem is portrayed in the *hegemonic Jewish-Israeli
narrative of a “united city”" and ‘the Palestinian national claims to the city’ are ignored (/bid.,
p. 33). In their point of view, it is actually a ‘conflict infrastructure’ (Pullan, 2013, p. 17) which
‘connects the city physically and segregates it politically at the same time’ (Nolte and Yacobi,
2015, p. 32). Through the routeing, naming of stations, and regime of security around the JLR,
the one-sided narrative embodied in the JLR has intensified the conflict between Israeli Jews
and Palestinian Arabs (Nolte, 2016).

The extension of the route beyond the Green Line to East Jerusalem (Figure 1), where is
considered to be part of the future Palestinian state by Palestinians and the international
community, has been considered as a gesture of permanent annexation of the land over
the Green Line. Naming of the stations is another mean that reinforces the Israeli territorial
dominancein East Jerusalem. Their names link historical and biblical narrative to Hebrew names
while in Arabic, they are only named acceding to the geographic locations (/bid.). This is very
critical in a city of religious conflict because both Palestinians and Israelis ‘make extensive use
of religious texts in an effort to substantiate their claims to sovereignty over the area’ (Cohen,
2013, p. 135). The last critical point is the regime of security around the JLR. For instance, if a
circumstance is identified as a potential security threat, security personnel can check identity
cards and request people to get off the JLR (Nolte, 2016). Hanna Baumann (2014) also discerns
the Israeli territorial supremacy on a representational level through her observation in Shuafat.
In her description, the JLR is like an Israeli enclave passing through the Arab neighbourhood,
and it is so visible that it becomes a part of the everyday life of Palestinians. Because of the
representation used with the infrastructural system and the symbols attached to it, the JLR has
eventually become a target of attack when a conflict between the two groups broke out in 2014.

While urban theorists recognise these urban phenomena through empirical observations and
policy review, the complex re-organisation of space on the ground brought about by the JLR may
not be able to be detected through discursive techniques and people’s perception only. Owing
to the immanent nature of facilitating and mediating interaction (Tonkiss, 2013), infrastructure
possesses agency due to its relative position in networks. Infrastructure may not behave as
declared by decision makers. This paper will look into the agency of the infrastructure space in
Jerusalem. The JLR will be the main focus of the study as it significantly alters the topology of
Jerusalem by linking various active forms in this infrastructure space.

The study area of this work will be Metropolitan Jerusalem. It covers about 125km2 inside the
municipal boundaries (Figure 1). Around 829,900 people live in the area, including different
ethnic-cultural groups, with secular Jews, ultra-orthodox Jews and Arabs being the major ones.
In analysing the way in which the JLR transforms the spatial pattern with other active forms in
Jerusalem, syntactic analysis and geographic information system (GIS) analysis are adopted.
The analytical nature of space syntax and the propositional nature of Easterling’s (2014)
argument are complementary to each other in this work. Syntactic analysis is used because
Easterling’s notion of active formsis a concept which is so abstractly and metaphorically defined
and explained merely through written language.

To explore how the JLR performs independent of its stated intent and its representation, the
paper is divided into three parts:

e Thefirst partexploresthe spatial background of Jerusalem by looking into the relationship
between the configurational structure of the street network and the movement patterns
of different ethnic-cultural groups.

e Thesecond part studies how the JLR has reshaped the topology of the street network.

e In the third part, the interplay between the JLR and the bus system and how the JLR
stations have modulated the flow between the two systems are examined.
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The agency of the JLR is expected to be revealed through analysing how it frames people’s daily
experience with other forms of infrastructure by reshaping the spatial pattern of Jerusalem. It
is also important to note that this work uses configurational data and academic sources. As a
result, the study of these elements accounts only for the potential of space to affect mobility
and social relations.

2. DATASETS AND METHODS

Space syntax analysis is the main method in studying the impact of the JLR, while GIS analysis
helps study the interplay between the bus services and the JLR. In comparing the spatial
information with the empirical data, Raanan and Shoval’s (2014) source provides the movement
patterns of different ethnic-cultural groups.

The segment model of Jerusalem is the major model used for the space syntax analysis. The
segment model is generated from an axial model prepared by tracing the longest straight lines
(axial lines) through every convex space bounded by buildings or road barriers. Normalised
Angular Integration (NAIN) and Normalised Angular Choice (NACH) are the two measures used
in the analysis. Integration and Choice represent the to-movement and through-movement
potential respectively (Hillier et at., 2012). Values are normalised for the advantage of being
able to compare across cities statistically (Ibid.). By comparing the spatial pattern and values of
the system with and without the JLR, the influence of the infrastructure on the configurational
properties of the network can be tested.

Metric depth and angular step depth analysis will find out the catchment of the JLR stations.
Angular step depth is measured by the shortest angular path from the segments (those
represents the stations in this work) to all other segments within the system (Turner, 2004).
Metric depth analysis can help test how well residents of different neighbourhoods are served
by the JLR because they are familiar with their territories and choose their routes based on the
shortest distance between the origin and destination. On the other hand, angular step depth
can help examine whether and in which locations the JLR has brought more people who are
not familiar with the particular areas since human movement is better explained by the angular
distance rather than the metric distance (Hillier and lida, 2005). Therefore, it can also reveal
the areas of high natural movement, and subsequently the potential of these areas to attract
movement-seeking activities, such as retail (Hillier, 1996).

The theory of natural movement is robust but only if everyone has more or less the same
level of mobility. However, in Jerusalem, where bus services support Israelis and Palestinians
exclusively, then the theory will become relatively incapable of holistically explaining the
phenomena. The analysis of the interplay between the JLR and the two separated bus systems
can further reveal how the JLR has reshaped the movement patterns of these two passenger
groups beyond the light rail route.

The data analysis of the bus network is mainly conducted through GIS. The details of the route
and daily frequency of the Israeli bus system is built from the Israel’s Public Transportation Info
Centre (http://www.bus.co.il), with an aid of Jerusalem Bus Map (http://www.jlembusmap.
com), while the data of the Palestinian bus system is collected from the map and timetable
provided by the bus companies. Since a considerable number of bus routes do not run on
the same streets in two directions, most routes will be represented by two lines in different
directions in this work.

In studying Jerusalemites’ movement patterns, four groups of territories are mapped based on
Raanan and Shoval’s (2014) work. They studied the relationship between perceived territorial
boundaries and actual spatial activity of different ethnic-cultural groups in Jerusalem. In their
experiment, 18 female university students with six in each ethnic-cultural group, namely
secular Jews, ultra-orthodox Jews and Palestinian Muslims, were interviewed to examine their
perceived territories, while also their daily movements were spatially tracked. Their results prove
that the territories indicated in the residential ethno-cultural division map highly correlate with
the participants’ perceived personal territories and activity space. The four territories and their
corresponding dominant ethnic cultural groups are listed in Table 1
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Territory Arab residence Jewish residence Jewish ult.ra- Abu Qatada
orthodox residence

Mixed population

Ethnic-cultural Arabs Secular Jews Ultra-orthodox Jews Of. the two major
groups religious groups of
Jews

Table 1 - The major ethnic-cultural territories and their corresponding dominant ethnic-cultural groups.

However, it does not mean people are only active within their own territories. The residential
ethno-cultural division map rather indicates the residential space of the respective ethnic-
cultural groups. Secular Jewish territory is perceived as a shared space by the ethnic-cultural
minorities, ultra-orthodox Jews and Arabs. By looking into where people go outside their
residential territories, the locations in which there is multi-ethnic/cultural co-presence can be
identified.

3. RESULT I: COMPARING MOVEMENT PATTERNS & SPATIAL STRUCTURE

Raanan and Shoval’s (2014) study shows that there are apparently distinctive daily movement
patterns among different ethnic-cultural groups. They found that secular Jewish individuals
appeared to operate within their own territories while participants of the minority groups, ultra-
orthodox Jews and Palestinian Muslims, were very active within the secular Jewish territories
when they were outside their homes, due to the fact that minorities depend on the employment
and services in the majority’s territory (Ibid.).

The spatial model of Jerusalem explains the society in a way that is different from other cities
where people choose certain routes largely because of natural movement. In Jerusalem, the
spatial model only projects a potential movement pattern that would be valid if the citizens
would feel comfortable to visit any neighbourhood. However, it still effectively depicts
movement patterns in another way in this contested city. Most routes chosen by the minority
groups in secular Jewish territories are those with high NACH values. By extracting the GPS
tracks which are outside the participants’ own ethnic-cultural territories, they mostly coincide
with the 1.3 and 1.4 structure, except a few neutral spaces like university campus and shopping
centres (Figure 2).

The results show that the streets with high NACH values are rich fields of potential encounter
and the interface between different groups. In most cities, these spaces lead to the appearance
of new social relations (Hillier and Vaughan, 2007). In Jerusalem, it may not be the case and
they may possibly turn into spaces of conflict. On the other hand, the background network
with low NACH values remains residential areas dwelled with homogeneous ethnic-cultural
groups. In Jerusalem, the participants did not normally pass through the background network
of other ethnic-cultural groups. Potential conflicts between groups is less likely to happen in
these segregated spaces.

In comparing the daily use of space by different ethnic-cultural groups and the spatial structure
in Jerusalem, the dynamics between space and society is presented. The spatial structure is
only an agent of potential encounter (Hillier and Vaughan, 2007). The map shows that the
participants chose their routes according to both intuition and their social understandings of
space.
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Figure 2 - NACH global, segment angular analysis (radius = sooom), including the highlighted 1.4 & 1.3 structure, the
location of ethnic-cultural territories and GPS tracks
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4. RESULT II: THE JLR

The influence of the JLR is first tested with the bi-modal segment angular analysis by connecting
the JLR system to the segment model (Figure 3a). Both NACH and NAIN values do not change
significantly both in terms of the entire city and in each ethnic-cultural territory (Table 2). The
JLR has not changed the configurational properties of the spatial structure because the tracks
are on the segments which were already with comparatively high NACH and NAIN values
before the implementation of the JLR.

Figure 3-NACH global, segment angular analysis in sooom radius, with (right) and without (left) the JLR, in Damascus
Gate Area.

While the JLR has not significantly changed the spatial structure of Jerusalem, its huge
passenger capacity and its unique routeing which passes through all ethnic-cultural territories
should exert a greater impact than the spatial model illustrates. Its capacity is considered to be
huge as it carries 130,000 passengers every day by only one route with 292 journeys per day,
while 69 Israeli bus routes with 7,029 journeys per day only move 441,019 passengers every day
(Jerusalem Institute for Israel Studies, 2015). It means that one light rail journey can transport
445 people while a bus journey can only handle 67 people.
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Ethni o NACH NAIN
nic- . Statistical ) . . .
cultural Radius Without With Without With .
territories measure TR TR % change R TR % change
8 mean 0.763 0.763 0.04% 0.761 0.762 0.09%
00
max 1.543 1.543 0.00% 2.219 2.219 0.00%
Arab mean 0.736 0.736 0.05% 0.633 0.634 0.20%
. 2000
residence max 1.484 1.484 0.00% 1.301 1.301 0.00%
mean 0.705 0.705 0.05% 0.572 0.573 0.26%
5000
max 1.453 1.453 0.03% 1.089 1.094 0.49%
g mean 0.797 0.798 0.08% 0.774 0.775 0.18%
00
max 1.477 1.477 0.00% 1.768 1.768 0.00%
Je_W'Sh mean 0.772 0.773 0.08% 0.701 0.703 0.25%
residence 2000
max 1.468 1.468 0.00% 1.536 1.545 0.64%
mean 0.741 0.741 0.08% 0.660 0.662 0.26%
000
> max 1.473 1.473 0.02% 1.168 1.173 0.40%
8 mean 0.833 0.833 0.02% 0.856 0.857 0.03%
00
Jewish max 1.537 1.537 0.00% 1.633 1.633 0.00%
ultra- mean 0.813 0.813 0.03% 0.826 0.826 0.03%
2000
orthodox max 1.472 1.472 0.00% 1.553 1.553 0.00%
residence mean 0.776 0.777 0.03% 0.734 0.734 0.02%
000
> max 1.451 1.451 0.00% 1.156 1.156 0.00%
g mean 0.760 0.760 0.05% 0.674 0.675 0.12%
00
max 1.447 1.447 0.00% 1.489 1.489 0.00%
Je_W'Sh mean 0.743 0.743 0.04% 0.619 0.621 0.17%
residence 2000 . .
in transition max 1.427 1.427 -0.05% 1.348 1.352 0.27%
mean 0.714 0.714 0.04% 0.575 0.577 0.24%
000
> max 1.416 1.417 0.03% 1.051 1.056 0.48%
mean 0.777 0.777 0.03% 0.766 0.767 0.04%
All 800 . 0
segments max 1.552 1.552 0.00% 3.104 3.104 0.00%
inside mean 0.753 0.754 0.05% 0.675 0.675 0.03%
Municipal 2000 max 1.590 1.590 0.00% 2.571 2.571 0.00%
boundaries
mean 0.722 0.722 -0.01% 0.625 0.624 -0.19%
of Jerusalem 5000
max 1.473 1.473 0.02% 1.168 1.173 0.40%

Table 2 - The influence of the JLR on NACH and NAIN values in Jerusalem and different ethnic-cultural territories.

While the JLR has not significantly changed the spatial structure of Jerusalem, its huge
passenger capacity and its unique routeing which passes through all ethnic-cultural territories
should exert a greater impact than the spatial model illustrates. Its capacity is considered to be
huge as it carries 130,000 passengers every day by only one route with 292 journeys per day,
while 69 Israeli bus routes with 7,029 journeys per day only move 441,019 passengers every day
(Jerusalem Institute for Israel Studies, 2015). It means that one light rail journey can transport
445 people while a bus journey can only handle 67 people.

THE AGENCY OF JERUSALEM LIGHT RAIL:
A ‘conflict infrastructure’ beyond its representation

146.8



Proceedings of the 112™ Space Syntax Symposium

24.809"5} of length of segments /

total length of all segrnents with e
metric step < 800m from
any Bght rad station insiga
Arab residence

jth of segments
ments with

any light rail station insida
Jewish ultra-orthodox
residence

Jewish residence
in transition

Figure 4 - Proportion of segments within 8oom catchment of any JLR station in different ethnic-
cultural territories.

The JLR therefore can possibly bring plenty of people to the surrounding areas of the stations.
However, as discussed, it should be noted that the JLR only creates potential encounter fields
around the stations. People also choose their routes based on their social understandings of
space. Through metric depth and angular step depth analysis, catchment areas of the JLR and
potential encounter fields can be revealed. Metric depth analysis shows how well the JLR serves
the residents (Figure 4). First, by comparing the total length of segments in each territory,
the ultra-orthodox Jewish residence is the one with the highest proportion of segments in
length within 8oom radius of any JLR station ((4) in Table 3). Secondly, while the segments in
the ultra-orthodox Jewish residence only accounts for 11.6% of all segments in length within
the municipal boundaries ((8) in Table 3), they contribute to nearly a quarter of all segments
in length within the 8oom catchment of any JLR station ((9) in Table 3). If the context of the
whole Jerusalem is not considered, then Jewish residence makes up of the highest proportion
of segments in length inside the catchment area ((9) in Table 3).
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Jewish Jewish
Ethnic-cultural Arab Jewish ultra- Tendenee Other
o . . orthodox ; All areas
territories residence | residence I aleds
residence | transition
(2) Total no. of segments 13,171 17,520 5,651 3,551 7,265 47,158
(2) Total length of segments 497km 619km 206km 119km 338km 1,779km
(3)  No. of segments with metric
depth
2,264 3,638 2,383 449 486 9,220
<8oom away from any JLR
station (17.29%) | (2076%) | (42.17%) | (12.64%) | (6.69%) | (19.55%)

(% compared to (1))

(4) Total length of segments
with metric depth < 8oom 74.7km 121.9km 72.2km 16.5km 15.6km 301.0km

f LR stati
away fromany JLR station | - - 06) | (19.70%) | (35.10%) | (13.85%) | (4.61%) | (16.92%)

(% compared to (2))

(5) No. of segments with
angular step depth 598 1,319 751 158 146 2,972
<3away fromany JLR (4.54%) (7.53%) (23.29%) (4.45%) (2.01%) (6.30%)

station (% compared to (1))

(6) Total length of segments
with angular step <3 32.6km 56.0km 28.5km 8.8km 10.4km 136.3km

away fromany JLRstation | (6.5506) | (9.06%) | (13.86%) | (7.37%) | (R.07%) | (7.66%)
(% compared to (2))
(7) % of segment in total no. of
segment 27.9% 37.2% 12.0% 7.5% 15.4% 100%
in Jerusalem
(8) % of length in total length of
all segments 27.9% 34.8% 11.6% 6.7% 19.0% 100%
in Jerusalem

(9) % of length in total length
of all segments with metric

depth 24.8% 40.5% 24.0% 5.5% 5.2% 100%
< 8oom away from any JLR
station
(20) % difference
-11.1% 16.4% 107.4% -18.2% -72.7%
(9) compared to (8)

(11) % length in total length of all
segments with angular step

0, 0 0 0 0 0
<3away from 23.9% 41.1% 20.9% 6.4% 7.6% 100%
any JLR station
(12) % difference
-14.5% 18.2% 80.9% -3.9% -59.9%

(11) compared to (8)

Table 3 - The proportion of segment with low metric depth and angular step depth away from any JLR station in
different ethnic-cultural territories.
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Figure 5 - Proportion of segments with lower than three angular steps away from any JLR station in
different ethnic-cultural territories.

Angular step depth analysis tests the potential encounter fields and areas to attract movement-
seeking activities. By overlaying the GPS tracks, which are outside the participants’ own ethnic-
cultural territories in Raanan and Shoval’s (2014) experiment, with the segments located in less
than three angular steps away from any JLR station, the analysis further reveals the potential
encounter fields between different ethnic-cultural groups (Figure 6). Since Arabs and Jews are
not familiar with each other’s spaces (/bid.), angular step depth analysis will be more accurate
than metric depth analysis in showing how people choose their routes outside their own
territories.
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Figure 6 - The segments with lower than three angular steps away from any JLR stations, the location of ethnic-
cultural territories, and GPS tracks which are outside the participants’ own ethnic-cultural territories.
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The result shows that a considerable proportion of GPS tracks scatter on the identified
segments, even though the experiment was conducted before the implementation of the JLR.
It suggests that the JLR has very likely intensified these spaces by bringing more people to these
locations. There are two areas with notably high densities of both low angular step segments
and GPS tracks outside the participants’ own ethnic-cultural territories. These are the Central
Station area and East Jaffa Road - Damascus Gate area. These areas are where the major bus
terminals of the Israeli and Palestinian bus systems are located respectively. The East Jaffa Road
-Damascus Gate area is more interesting to investigate because it is the junction of three ethnic-
cultural territories and people crossed the ‘borders’ and entered the neighbourhoods of other
groups actively in Raanan and Shoval’s (2014) experiment. The map also suggests that the JLR
may have introduced new spaces of potential multi-ethnic/cultural encounters along the tracks,
especially the area with dense identified segments inside secular Jewish territories, which the
Palestinian Muslim participants did not define as being part of any ethnic-cultural group (Ibid.).
The secular Jewish area in the middle of the Central Station area and East Jaffa Road - Damascus
Gate area is possibly a new potential encounter field between different ethnic-cultural groups.

The statistical study of the angular step depth analysis presents a similar result as that of the
metric depth analysis. The ultra-orthodox residential areas are also the ones benefited most
from the JLR ((6) and (22) in Table 3). Similar to the result of the metric depth analysis, the
Jewish residence constitutes the highest proportion of segments with lower than three angular
steps away from any JLR station ((11) in Table 3 and Figure 5).

These results help to conclude that ultra-orthodox and secular Jews are the two groups that
can gain the highest level of accessibility more than Arabs do in different ways because of the
JLR. It should also be noted that the areas around two major bus terminals, which serve Israelis
and Palestinians exclusively, are the most prominent potential multi-ethnic/cultural encounter
fields. Moreover, it is quite common among Jerusalemites to take the bus and interchange
to the JLR in their journeys (Estrin, 2012). Therefore, because of the extensiveness of the bus
network, the impact of the JLR should be beyond its route and the empirical observations on
the train and around the stations.

5. RESULT Ill: THE JLR & THE BUS SYSTEM

The map shown in Figure 7 investigates the number of bus lines operated by the Israeli company
and Palestinian companies. The extensive bus service network is represented on the map, and
more importantly, a clear separation pattern is unfolded. The only segments with the buses run
by both bus systems are in the Hebrew University of Jerusalem, Talpiot and around the Old City.
The three locations are also identified in Raanan and Shoval’s (2014) experiment. The GPS tracks
of Palestinian Muslim participants are so dense in the university and rest along the main road
in Talpiot and the tracks of the participants of all ethnic-cultural groups scatter around the Old
City (Figure 2 and 6). They not only lay along but also scatter around the identified segments.
So the identified segments are probably not only the places where there is co-presence of the
buses of two systems. They are likely the interfaces consisting of co-presence between people
that takes place when they get off and get on the buses.

Since people are actively switching between two transportation modes, how the JLR is
differently integrated with the two bus systems should also be studied. Generally, it is easier
to interchange between Israeli buses and the JLR because more Israeli buses stop near the JLR
stations. Over 9o% of Israeli bus lines stop within 40om radius of any JLR station, while only less
than two-thirds of Palestinian bus lines stop within the 40om catchment area of any JLR station
(Table 4). It can be attributed to the fact that a considerable number of Israeli bus routes have
been re-adjusted when the JLR was implemented to serve as the feeder network to the JLR.
For instance, Route 48 has been changed from a circle route inside the campus of the Hebrew
University of Jerusalem to a route that connects to Ammunition Hill station. Moreover, there
are seven JLR stations with Israeli buses terminating within their 400m catchment areas, while
Damascus Gate is the only station where Palestinian buses terminate within the catchment,
even though the last stops of seven Palestinian bus lines have been relocated to a new bus
terminal adjacent to Damascus Gate station.
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In studying the JLR and the bus network together, it appears that the Israeli bus system is more
integrated to the JLR than the Palestinian one. Still, because of the huge passenger capacity of
the JLR, it is likely that more Arabs have come to the city centre, as identified in Figure 6, from
the JLR stations in Shuafat and the extensive bus network that terminate in the Damascus Gate
area.
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Figure 7 - The segments with bus services and the location of ethnic-cultural territories.
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Israeli bus company Palestinian bus companies
(1) Total no. of routes 69 18
(2) Total no. of routes
_ 93 24
if sub-route counted separately
() Total no. of lines
158 48
if two directions counted separately
(4) Total no. of lines (3) with terminal
29 18.4% 14 29.2%
at any JLR station
(5) Total no. of lines (3) with at least one 0 0
station next to (within 20m) any JLR station 48 SR 6 33:3%
(6) Total no. of lines (3) with at least one
station within 4oom radius of any JLR 70 44.3% o 0.0%
station
7) Total no. of lines (3) with at least one
station within 8oom radius of any JLR 6 3.8% 18 37.5%
station
(8)  Total no. of lines (3) with no station within 0 0
8oo radius of any JLR station 5 3.2% © 0-0%

Table 4 - Comparison of the number of bus lines run by the Israeli company and Palestinian companies in the
catchment of the JLR stations.

6. DISCUSSION & CONCLUSIONS

Nearly 12,000 bus and light rail journeys run in Jerusalem every day. They shape people’s
daily lives as ‘multipliers’, and at the same time, their routes are determined by the other
‘multipliers’, the Israeli neighbourhoods in East Jerusalem. Whilst the JLR has not significantly
changed the configurational properties of the street network, it has combined with the bus
network so that two transportation modes integrate together through the improvement of
‘'switches’, the JLR stations, especially those in Jewish territories. Consequently, a network
of both the intensiveness in the city centre and extensiveness in the periphery has emerged.
Then, the way in which passengers enter and leave this integrated public transport system is
determined by both the ‘topology’ of the street network and their social understandings of
space. Through the interplay between these active forms associated to the JLR, it works in its
way that is independent of its symbolic meaning and its declared intent. It possesses an agency
and becomes a ‘conflict infrastructure’. Three major findings in this paper try to explain how the
social consequences have been resulted from the JLR by framing daily experience, such as daily
routine and human co-presence.

First, it has probably intensified and created multi-ethnic/cultural co-presence in secular Jewish
areas, like Downtown Triangle and Jaffa Road, and Damascus Gate area. More Palestinians are
expected to be carried by the JLR to these areas from the stations in Shuafat and Damascus Gate
station close to the Palestinian bus terminals. The hypothesis is recognised in the catchment
analysis of the JLR (Figures 4-6), the GIS analysis of the bus lines run by two exclusive bus
systems (Figure 7), and the application of Raanan and Shoval’s (2014) findings on the spatial
models (Figures 2 and 6). In most cities, new social relations can appear in these spaces (Hillier
and Vaughan, 2007). In Jerusalem, however, it may possibly amplify the conflict between
different ethnic-cultural groups. Some right-wing organisations, such as Lehava, have placed
posters and stickers warning Palestinians to ‘not even think of’ approaching Jewish women in
these newly shared spaces (Baumann, 2014).

Secondly, the catchment analysis also shows that in general the JLR serve a higher proportion of
ultra-orthodox areas compared to the other residential territories. Yet whether ultra-orthodox
Jews are truly benefited in the political and religious context in Jerusalem is questionable.
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Drawing more people of different groups may lead to conflict when strangers, such as tourists,
enter the neighbourhood without cultural awareness. For instance, in Mea Shearim, an ultra-
orthodox neighbourhood with less than three angular steps away from the JLR, visitors have
to wear modest clothing. Additionally, during the Shabbat, cell-phone should not be visible as
they might be a source of dispute (Sapir-Witz, 2006). And it is also possible that Arabs may enter
these areas because of their lack of knowledge in Jewish spaces. As Raanan and Shoval (2014)
recognised, the Palestinian Muslim participants failed to distinguish between ultra-orthodox
areas and secular Jewish areas.

The third reason is less about multi-ethnic/cultural co-presence, but more about whether the
JLR has supported all residents in Jerusalem as the Israeli authorities claim. If it would have
served Palestinians proactively, its symbolic meaning could possibly be thinned out by its
functional benefits. Nevertheless, as recognised in the bus network analysis, the Palestinian
bus system is not as integrated with the JLR as the Israeli one. The JLR stations modulate the
flow of Jewish passengers much more effectively. No facilities support the connection between
Damascus Gate station and the two major Palestinian bus terminals. While the architect of the
masterplanning consultant of the Damascus Gate area suggested an underground pedestrian
connection between the terminals and the JLR station, the municipality insisted on an overland
connection which is fenced off from the terminal side on the east (Rokem, 2006). Consequently,
the neutral and functional image of the JLR, emphasised by the authorities, has been
overwhelmed by its image of multi-ethnic/cultural conflict, because of its symbolic meaning,
as identified by urban theorists, and the agency possessed in the public transport network, as
studied in this work.

The paper has in general presented an overall picture of the public transport network in
Jerusalem and of how various active forms constitute and affect the everyday life of different
ethnic-cultural groups. These active forms include the ‘topology’ of the street network and the
JLR; the propagation of buses, light rail trains and the Israeli neighbourhoods in East Jerusalem
as ‘multipliers’; and the JLR stations that integrate the two modes of public transport as
‘switches'. The three major findings reveal how the JLR has intensified the multi-ethnic/cultural
conflict by framing the everyday experience of secular Jews, ultra-orthodox Jews and Arabs in
this contested city.
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ABSTRACT

Notions of identity and community like space consist of varying scales of definition and
interaction ranging from concepts of nationhood and nationality through to local solidarities
and affiliations of religion, trade, caste etc. Space Syntax research suggests that most people
belong to communities that are both spatial and transpatial in nature where inhabitants of an
area are bound not only to the people and spaces they physically inhabit but are simultaneously
part of a larger transpatial community independent of the immediate physical context. In the
context of Karachi's Muhajir community, an ethno-political entity that has evolved through
spatio-political constraints applied to an amalgam of assorted post-Partition urban minority
groups, these socio-spatial variations in definition of identity can be studied across the changing
scale of the city. Using space syntax methodologies, this paper examines the spatial definitions
of identity, i.e. how affiliations and solidarities vary across the changing scales of the city and,
how the use and positioning of communal tools of identification organize and articulate spatial
clusters.

This study used a range of sources to map religious and political institutions as well as on-site
documentation of political propaganda and related the location of these features to space
syntax models of the city and four case study settlements. The intention was to analyse the
accessibility and clustering of various communal spaces, how spatial configuration defines the
social role communal spaces play within the community and how they may define the spatial
limits of sub-clusters and internal social hierarchies of the community.

This multi-scalar analysis will show that not only does the nature of the muhajir cluster change
acrossthevariousscales of the city, the nature and scale of the interface between the community
and the city changes too. At the city scale communal institutions articulate broad residential
clusters often synonymous with political territories, indicative of spaces of dispute, at the scale
of the settlement, the configuration of communal spaces describes and dictates the manner
in which these communities interact, organize and define themselves internally. Identity is
therefore multi-scalar; a group may present as one ethno-political entity at the scale of the city,
it may simultaneously exist as multiple ethno-religious groups at the scale of the settlement.
Whilst neither definition negates the other, analysis shows that broad political definitions hide
richer, more nuanced definitions of identity that persist at the scale of the settlement.
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1. INTRODUCTION

Karachitodayisone of many post-colonial megacitiesdealingwith populationsthatare ethnically
and politically diverse and not necessarily native to the city. As migrant populations outnumber
the native populace issues of belonging, ownership and control of space, infrastructure and
political capital become key points in the power politics and development of a city. As Simone
states ‘For territory is the creation of space as a locus through which authority is exercised,
an arena of command’ (Simone, 2013, p.274) hence it is through space that both identity and
power are manifest.

In cities like Karachi, Jakarta, and Mumbai, major economic hubs in developing countries that
attract considerable domestic in-migration, the urban middle class is comprised of a diverse
array of communities. It is from this heterogeneous ‘in-between’ of varying occupations,
incomes, religious affiliations and histories that often a lowest common denominator is sought
out, highlighted and exploited thereby formulating a political majority (Simone and Rao, 2011).
So whilst in urban environments socially similar communities often cluster in close proximity,
distant commonalities are drawn upon to sculpt new, broader, often more powerful identities.

This manner of viewing and building affiliations and solidarities in many post-colonial megacities
suggests that identity is multi-scalar where notions of identity and community relate to the
local/neighbourhood scale, social networks tied to and the product of the immediate spatial
environment, as well as having a transpatial element, whereby social affiliations “overcome
spatial separation” (Hanson and Hillier, 1987. p.264). This particular paper tracks these shifting
ethno-political definitions of identity and space through the Muhajir community in Karachi,
Pakistan. It suggests that whilst broad ethno-political definitions serve a purpose at both city
and national scales, the story told at the scale of the settlement is one that reflects the far more
nuanced and persistent patchwork like nature of ethno-religious affiliations in the city.

The Muhajir community of Karachi is in essence an amalgam of smaller ethno-religious
communities that migrated from various Northern Indian cities to Karachi shortly after
the partition of the Indian sub-continent in 1947. For the purposes of paperwork regarding
registration and rehabilitation, these refugees/migrants were all categorised as Muhajir — the
Urdu term for refugee — a label that spoke of how they were perceived by the State as opposed
to who they were and where they had come from. Subsequent state-sponsored settlement
and rehabilitation projects ensured that many of these new refugee communities were housed
together in peripheral areas of the city and infill and vacant sites in inner city areas (Hasan,
1999). As ethnic and religious affiliations coloured national politics, the various elements of the
Muhajir community felt disenfranchised and marginalised resulting in political mobilisation and
the eventual emergence of the Muttahaida Quami Movement (MQM) as the dominant political
voice of the Muhajir community.

This process of migration, settlement, marginalisation and eventual political mobilisation is not
by any means unique to the Muhajir community, in fact Vertovec argues that the establishment
of the Indian community in the Caribbean went through a similar four phase process of “social
and cultural development”, these were; (i) migration and settlement, (ii) the establishment of
ethnic/religiousinstitutions, (iii) the crystallisation of their aspirations in party politics and finally,
(iv) after a period of decline, the identity went through a phase of rejuvenation (Vertovec, 1995).
Similarly Coakley claims that most ethno-nationalistic movements go through three phases, i)
asking for the rights of the individual ‘other’, ii) official acknowledgement of the distinctiveness
of the group from the majority and finally, iii) the right to territory (Coakley, 2003).

Using the tangible elements of these processes of migration, cultural re-establishment and
political awakening, this paper seeks to present a multi-scalar analysis of the multi-facetted
nature of identity in space in one of South Asia’s largest post-colonial cities. The analysis here is
divided into two parts; the first section focuses on how an overarching ethno-political identity
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presents itself at a city scale whilst the second section focuses on the catchment, accessibility
and role played by communal institutions in building and maintaining internal socio-spatial
identities within two case study settlements in the city.

2. DATASETS AND METHODS

Pakistan is a difficult research environment where there is a dearth of up-to-date ethno-
political data hence alternative and innovative means of mapping community presence had to
be devised for this study. Waterman and Kosmin (1987) note that in the case of the migration
of the Jewish community to north London, whilst the presence of a synagogue may not have
been the initial catalyst for the emergence of a community cluster, once a critical mass was
established, the presence of a synagogue, speciality food stores etc., became an eventuality
and motivation for subsequent migration to the area and hence a means of locating a Jewish
cluster. Keeping in mind both the processes of migration and resettlement outlined by Vertovec
and Coakley previously and these documented observations, methods devised for this study
resulted in the identification and mapping of communal institutions — specifically religious
and political institutions serving the Muhajir community. These institutions included religious
buildings related to the Barelviand Shi‘a sects of Islam (mosques and imambargahs respectively),
and the various neighbourhood and regional scale offices of the MQM - the dominant political
voice of the Muhajir community in Karachi today. These types of communal institutions were
identified as particular to the community through literature documenting the migration of
various communities from India and the subsequent evolution of the Muhajir political identity.

The political institutions mapped were MQM Sector and Unit offices; the former consists of
26 offices distributed city-wide, a regional scale complaint centre of sorts overseeing eight
to ten Unit offices and reporting to MQM headquarters known as Nine Zero. The latter is a
neighbourhood scale office, manned by young men resident locally and established to both
disseminate the party agenda at the grassroots level whilst relaying neighbourhood information
tothe centre. Additionally Barelvi mosques and Shi‘aimambargahs were identified and mapped.
A significant proportion of practitioners of both the Barelvi and Shi‘a schools of theological
thought may be categorised as Muhajirs as sizable Barelvi and Shi'a communities migrated
from the cities of origin of the Muhajir community. Using Google Earth, Wikimapia, municipal
maps and on-site observations, the locations of these four kinds of communal institutions were
mapped on a spatial network model of the city of Karachiin a geographical information system
software.

This process of mapping allowed for two subsequent processes, firstly that the location of each
individual feature could be related to the space syntax model thereby giving each feature the
syntax values of the closest street segment to its location and enabling a comparative spatial
analysis between communal institutions at both city and settlement scales. Secondly, by using
the heatmap tool that allowed for the analysis of the density of features within multiple specified
radii, it was possible to highlight clusters of mosques, imambargahs and political offices within
these radii. It should be noted that these specified distances in the case of this part of the study
were as the crow flies as opposed to network distances. The raster image produced through
the heatmap analysis showed that where clusters appeared to be denser, hotspots or brighter
areas appeared. These raster images were then converted into contour maps as a means of
geographically visualising communal institution densities and thereby generating a mappable
boundary to muhajir majority areas within the city today.

3. AN ETHNO-POLITICAL IDENTITY AND THE CITY

As stated earlier, the Muhagjir identity as it is seen today is an urban middle-class identity that
has developed through processes of shared socio-political and spatial experiences that span
the city’s history since the Partition of the Indian Sub-continent in 1947. Through a process of
tracking the city’s various spatial developments which included infrastructure development,
transport networks and housing, as well as political events that have had an impact on the
manner in which both space and identity in the city have evolved, it has been possible to
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identify five broad phases of socio-political and spatial transformation to ultimately take the
form it does today.

The first phase included the arrival of Indian Muslim refugees in the city, their domination
of early post-Partition civil services and their initial spatial clustering as a by-product of the
refugee rehabilitation process. This was followed by a period of socio-political and spatial
marginalization of these refugee/migrant communities firstly through the relocation of the
federal capital away from Karachi to the purpose-built northern city of Islamabad thereby
diminishing the migrants’ political reach. This was followed by the decantation of migrants still
resident in the city centre to industrial satellite settlements 20km away from the city centre
and the city’s primary economic hub. This systematic state-led spatio-political marginalization
led to an ethno-political re-awakening first in the form of a Muhajir students’ union that later
evolved into a political party, the evolution of the latter was further aided by the residential
spatial proximity of its founding members in high density, middle-income neighbourhoods of
the city. This led to spatial expansion into adjacent and proximate areas as the community’s
numbers grew. The Soviet occupation of Afghanistan led to an influx of Afghan refugees and
readily available arms that, in conjunction with the emergence of the MQM as a significant
political player, resulted in growing ethnic tensions in the city. This led to a phase of state-
led political suppression, socio-political militarization and spatial fortification of the Muhajir
community and their spaces. 2002 onwards, the MQM finally found favourable backing from
the federal government, in more recent times the Muhajireen have enjoyed a period of political
control and spatial dominance.

This brief history of the community highlights both the need and the processes that led to the
emergence of a broad Muhagjir political identity in Karachi. In this case, by going back to the
idea of varied ‘urban in-between’ formulating new and more powerful identities, it could be
argued that various elements that are representative of the composite nature of the Muhajir
identity could be mapped and correlated to describe this minority to majority transformation.
These include language in the form of ‘mother tongue’ spoken by a household*, the location
and number of religious and political institutional buildings and electoral results=.

Using the heatmap feature in a GIS it was possible to identify the clustering of communal
institutions. Heatmap analysis was run across multiple local radii (500-2000m) on both religious
and political features independently — all imambargahs, Barelvi mosques, and MQM Unit and
Sector Offices. It was found that in the case of religious institutions several dense clusters across
the city were identified at a radius of 8oom. These clusters often coincided with historically
Muhajir settlements such as Golimaar/Gulbahar, Liaquatabad, PIB Colony, and Martin Quarters,
Shah Faisal Colony and Malir Colony (Jaffar Tayyar Society), and inner city areas like Soldier
Bazaar, Kharadar and Lines Area (Figure o1). A distance of 8oom in the Pakistani context is
significant as mosques are generally located within a walkable distance of ones place of work or
residence due to the frequency of use — up to five times a day.

A similar cluster analysis of MQM Unit offices showed that at a radius of 1500m, the clusters
formed continuous district-wide contours that appear to incorporate most sector offices. This
clustering is significant as the party structure encourages a direct link between the Sector
office and the units under it with limited lateral interaction between units in the same sector.
Therefore proximity of the unit offices to their area Sector office is important for operational
purposes (Figure 02).

Whilst this process seems to begin to intimate that the two sets of features — religious and
political — function independently at different local scales, as stated earlier the Muhajir identity
in essence is a composite entity consisting of both religious and political elements. Hence the
same analysis was run after combining both religious and political features thereby defining the
community by both its religious and political affiliations, the subsequent feature generated was
a large continuous boundary (Figure 03) that appeared to incorporate all the localities that are
regularly referenced in literature and newspaper reports as centres of MuhajirfMQM presence
and activity at a radius of 1000m. An earlier study has shown that occupation of these areas by
1 http://www.pbscensus.gov.pk/

2 http://www.ecp.gov.pk/
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the Muhajir community has persisted since their earliest establishment in the city in the 1950s
and this occupation has expanded to incorporate adjacent localities today as the community
has grown (Sultan Khan and Karimi, 2015).

The Muhajir community is often colloquially known as Urdu-speaking, this nickname seems to
imply a linguistic solidarity amongst its members. Additionally it should be noted that political
affiliations in the city are often governed by such ethno-linguistic solidarities. Thus Urdu-
speakers vote primarily for the MQM, Punjabi-speakers often vote for the Pakistan Muslim
League, Sindhi and Balochi speakers in the city vote primarily for the Pakistan Peoples Party
and Pashto-speakers have voted, until recently, for the Awami National Party (Hasan, 2005,
Gazdar and Mallah, 2013). Hence to further corroborate these findings, the additional layers of
language and recent electoral results was added.

A (

Figure o1 - Contour map at R8oom identifying high densities of Barelvi and Shi‘a religious building clusters in Karachi.

At the time this study was carried out, Karachi was divided into 5 large administrative districts. If
these are overlaid on the Muhajir majority areas defined by communal institution clustering and
then data added pertaining to linguistics — specifically Urdu, the Muhajir ‘mother-tongue’ — it
was found that language and the heatmap analysis begins to identify spatial overlaps. Similarly,
by adding electoral results for 2002 and 2008, a similar spatial correlation appears; the city’s
eastern and central districts showed concentrations of all Muhagjir identity markers; linguistic
affiliation, political presence and activity and religious congregations.

The use and correlation of multiple identity-markers to identify the spatial clustering of the
ethno-political entity known as the Muhajir community seems to suggest that the making
of a political majority lies in the piecing together of minority elements. This socio-spatial
manifestation of majority political identity pieced together from multiple minority groupings
has had significant impact on the infrastructure development of the city. Political power and
majority presence has assisted in the sanctioning and execution of numerous transport and
commercialisation projects that appear to facilitate movement and business between and for
Muhajir majority areas of the city (Sultan Khan and Karimi, 2015). Additionally, this spatial and
political control has impacted where, how and with whom inter-ethnic tensions play out in the
city (Sultan Khan, Karimi and Vaughan, 2017).
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Whilst this composite form relates to the ethno-political identity of the community at the scale
of the city and projects a monolithic politically Muhajir spatial presence, the need to combine
multiple elements to articulate a community’s presence seems to imply that perhaps internal
sub-divisions persist at the local scale. This has been hinted at by the heatmap analysis of
individual institution types where political and religious institutions appear to have different
density areas; 8oom for religious institutions, 150om for Unit offices and 300om for Sector
offices. This variation in functional scale can be further explored through syntax analysis of the
location and accessibility of political institutions city-wide. By assigning each Sector and Unit
office the syntax values of the nearest street segment it was seen that of the 115 MQM Unit
offices mapped, 40% were located on the top 15% of NACH_R1800om street segments whilst 14
of the 26 MQM Sector offices occupied the top 15% of NACH_R3000m street segments. This
difference in the catchment and accessibility of communal institutions is perhaps indicative of
the role these institutions play within the community they serve and the scales at which these
various aspects of identity and community, i.e. religious and political, manifest themselves.
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Figure o2 - Contour map at Risoom identifying high densities of MQM Units clusters in Karachi, Pakistan.

4. ETHNO-RELIGIOUS BOUNDARIES AND THE ROLE OF RELIGIOUS INSTITUTIONS
WITHIN THE SETTLEMENT

When addressing the issue of Muhgjir identity at the scale of the settlement, one should recap
that upon their arrival in Karachiin 1947, the Muhajir community was in essence multiple smaller
urban North Indian Muslim communities from diverse geo-linguistic backgrounds with a shared
religious and political belief that motivated their migration to Pakistan. Simultaneously it
should be noted that prior to the Muhajir exodus to Karachi, the city was a small cosmopolitan
colonial port, home to a number of communities organised in residential clusters in the old
city determined by ethnicity, religion and/or trade. And whilst the city has grown exponentially
since in terms of population and area, it was into this existing socio-spatial environment that
the Muhajireen had to adjust themselves.

Much of the earliest Muhagjir settlement depended upon where they found vacant land or
property, a lot of subsequent settlement was driven by locational solidarities or place based
communities in that families from the same cities or localities in Pre-Partition India tended to
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Figure 03 - Muhajir majority areas identified through high density clustering of Muhajir communal institutions.

cluster. The wealthier of these communities established co-operative housing societies, whilst
the economically less fortunate set up informal settlements often named after the city, town or
village they had left behind. Thus in Karachi today we see the proliferation of neighbourhoods
named after places in Pre-Partition India such as CP & Berar Society, Delhi Colony, Hyderabad
Colony, Shah Jahanabad, and Sikanderabad (Ansari, 2005).

Alongside the existing pre-Partition communities, planned state-sponsored housing schemes
and community sponsored housing societies established to resettle migrants of means in the
1950s and 60s, approximately 50% of Karachi’s population today lives in informal settlements
(Hasan and Mohib, 2003). These have developed along major thoroughfares, as infills to the
city’s planned areas and as large slum settlements at the city’s peripheries. This tight clustering
of communities of native residents, economic migrants and refugee has meant that Karachi
spatially is an ethno-religious and political patchwork of communities.

Although the settlements identified and studied for the purposes of this project are located in
Muhajir majority areas as defined earlier and vote primarily for the MQM, upon closer analysis
they appear to be far more socio-spatially complex than this broad ethno-political definition
suggests. Due to the manner in which the city has grown, the sub-groups that make up the
Muhajir community and multiple waves of post-Partition in-migration, the settlement too in
essence is often a microcosm of the city’s diverse ethno-political composition.

Using information taken from on-site interviews with local residents and municipal maps of
the areas, an in-depth socio-spatial analysis was carried out on two settlements located within
the Muhajir majority boundary defined earlier. These settlements were Pir Elahi Bux Colony
(PIB Colony), one of the oldest purpose-built Muhgjir settlements in the city, located close to
the old city centre, and Shah Faisal Colony, a later addition located in the city’s eastern district
(see Figure 03 for case study locations). Figures o4 and o5 show the presence of a combination
of place-based Muhajir sub-clusters (e.g. ‘N’ Block and Y’ Block in PIB Colony named after
Nagpur and Jabalpur respectively, both Indian cities), faith-based residential clusters (the
Shi'a and Ismaili residential areas of Plot 14, Pak Sadat Colony and Amynabad), and ethnically
non-Muhajir residential clusters (e.g. Nishtar Basti, Baloch Para and Green Town) all within the
municipal boundaries of each settlement.
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Figure 4 - Location of sub-community clusters and places of worship, PIB Colony, Karachi.

Here space syntax analysis has been used to measure the accessibility (NAIN) and location
of the various sub-group clusters outlined above in both cases. By overlaying these known
community clusters on to normalised Integration syntax models of PIB Colony and Shah Faisal
Colony at radii of 2500m and 3000m respectively (Figures 06 and 07), it can be seen that in
both cases, the Shia and Pakhtun communities are the most segregated amongst the various
sub-communities. Additionally, these particular sub-groups occupy peripheral locations and
the sub-clusters appear to be unplanned as opposed to the gridded planned nature of the main
settlement presenting almost as infills to the main settlement. Other communities seem to be
located in more accessible locations within the settlement. This perhaps suggests some kind of
internal socio-spatial hierarchy.

By incorporating the various communal institutions used thus far as shown in Figures o4 and
o5, it can be seen that there is at least one, if not more, religious institutions embedded within
each residential sub-cluster whilst Unit offices are located much further apart. This perhaps
says something about the role and catchment of both religious and political institutions within
Pakistani society; i.e. the fact that religious institutions serve a small walkable neighbourhood
radius (e.g.80om) and become local loci whilst political institutions serve a wider area
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Figure 5 - Sub-community clusters and places of worship, Shah Faisal Colony, Karachi.
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Figure 6 - Sub-community clusters overlaid on NAIN_R2500m, PIB Colony.
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Figure 7 - Sub-community clusters overlaid on NAIN_R3000m, Shah Faisal Colony.

Although on the whole neighbourhood mosques are quite generic in their appearance, in the
case of the Barelvi and Shi‘a sects these buildings have a distinctive appearance; green domes
for the former and a black pennant known as an alam seen atop the latter, making them easily
identifiable within the urban fabric of the settlement. By isolating only Barelvi mosques and
Shi'aimambargahs in these two case areas, we see that there is a high presence of both elements
in the two study areas and that both features appear to be clustering potentially suggesting the
clustering of multiple faith-based communities within the settlement. In both settlements, the
Shi‘a residential cluster (Plot 14 and Pak Sadat Colony) not only have names identifying them
as neighbourhoods but also a distinctive spatial morphology as described earlier, that makes it
possible to define neighbourhood boundaries.

By assigning each institution the NACH values of the street segment on to which their
entrances face, and averaging these values for each institution type per settlement, it can be
seen in Graphs o1a and o1b that there are patterns pertaining to the manner in which these
institutions situate themselves within the settlement. Most notably Barelvi mosques seem to
be located on street segments in most cases with higher NACH values than all other mosques
present and imambargahs consistently show that they are situated on street segments with
the lowest NACH values of the three religious institution types. This finding in conjunction with
where certain sub-groups are located within the settlement perhaps is indicative of the manner
in which communities and their religious institutions are situated within the larger settlement
most particularly the Barelvi and Shi‘a sects. Whilst Barelvi mosques are often located on high
choice and therefore highly accessible street segments with the potential for high footfall, the
Shi'a community is located within very segregated parts of the settlement with their religious
institution embedded deep within the settlement as opposed to being located on major
thoroughfares as seen in Figures 06 and o7.

The spatial segregation of the Shi'a sub-settlement and the introverted nature of the
imambargah can perhaps be contextualized by the social space the community has occupied
in Pakistan. The Shi'a community has been persecuted as a by-product of State sponsored
Islamisation since the 1970s. This initially took the form of target killings of the community’s
intelligentsia and well placed individuals and more recently has manifested in the form of
bombings of imambargahs and public religious events and processions. This kind of persecution
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has potentially led to the preference of this community to cluster in segregated, defensible
localities with their religious institutions set deep within the settlement thus having limited
accessibility to outsiders. Conversely, as the religious right becomes more vocal and popular,
the Barelvi community — a right-wing Sunni group - becomes more confident in both their
religious and political agendas, potentially influencing the choice of location and subsequent
accessibility of their religious institutions.

By similarly comparing the NACH values of these religious institutions and their political
counterparts for both settlements another interesting pattern begins to appear (Graphs o1a
and o1b). For this analysis, the local commercial area for each settlement has been included as
a point of reference as in both cases commercial streets exhibit higher NACH values than their
surrounding areas. In this comparative study it can be seen that yet again the imambargahs
have the lowest Choice values, where Barelvi mosques perform better than imambargahs and
not as well as the commercial streets in the area. Units show higher choice values at larger radii.
Inthe case of PIB Colony, the Sector office performs as one would expect it to; as the public face
of the political party in the area, it seems logical for it to occupy street segments with a higher
choice value.

This process of analysis brings the discussion back to the notion that the broad scale politics
of a community often fashions the global identity downplaying internal sub-divisions for the
purposes of defining a majority. On the other hand, local scale identities are often governed
and managed by much smaller, more specific social affiliations like religious and place-based
solidarities.
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Graph o1a - NACH values for communal institutions in PIB Graph o1b - NACH values for communal institutions in
Colony, Karachi. Shah Faisal Colony, Karachi.

5. CONCLUSIONS

This study has shown that although, through a process of identifying social similarities amongst
the various entities that comprise the urban ‘in-between’ and utilising spatial proximity,
minority identities can be consolidated and mobilised into an overarching political majority.
These majority affiliations do not always override or wholistically replace prior ethno-religious
solidarities. Whilst this very public, homogenous political identity appears to dominate and
control both the physical space of the city and social perceptions of the urban other by those
outside the group, upon closer investigation, it appears that finer grain socio-spatial solidarities
persist at the scale of the settlement.

The analysisinthis paper has shown that despite what appears to be a monolithic ethno-political
entity, investigation of the everyday spaces of the community show that the Muhajir settlement
is in fact a microcosm of the city where Muhajir, post-Partition non-Muhajir economic migrants,
and pre-Partition native communities all live in close proximity to one another. Analysis of where
these communities choose to locate themselves within the settlement is potentially indicative
of internal communal hierarchies. The Barelvi community for example is more visible and
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accessible where their communal spaces are located on main thoroughfares and high choice
street segments. On the other hand, minority groups like the Shi‘a and Ismaili communities
occupy highly segregated, peripheral areas of the settlements where their communal spaces
are embedded deep within the sub-cluster, entrances often protected and turned away from
main roads to limit accessibility to non-members.

The clustering and proliferation of religious institutions within the settlement and the fact
that each sub-group cluster has at least one place of worship of its own seems to suggest that
religious institutions play a key role in community life and the way people identify themselves
at the scale of the settlement. These appear to be the institutions that assist in building and
maintaining community identities rather than political institutions which serve to identify the
community at a wider scale, that of the city.

THE SUM OF THE PARTS IS GREATER THAN THE WHOLE: ‘| 4 7 ‘l 2
Multi-scalar socio-spatial definitions of identity in Karachi’s Muhajir majority areas. .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

REFERENCES

Ansari, S. (2005) Life After Partition: Migration, Community and Strife in Sindh 1947-1962. Karachi: Oxford University
Press.

Coakley, J. (2003) The Territorial Management of Ethnic Conflict. Psychology Press.

Gazdar, H., and Mallah, H. B. (2013) Informality and Political Violence in Karachi. In Urban Studies. Special Issue
Article: Cities, Conflict and State Fragility in the Developing World. 50 (15). pp. 3099-3115.

Hanson, J. and Hillier, B. (1987). The architecture of community: Some new proposals on the social consequences
of architectural and planning decisions. Architecture et Comportement/Architecture and Behaviour, 3(3), pp.251-
273.

Hasan, A. (1999) Understanding Karachi: Planning and reform for the future. Karachi: City Press.
Hasan, A. and Mohib, M., (2003). The case of Karachi, Pakistan.

Simone, A. (2013). Cities of uncertainty: Jakarta, the urban majority, and inventive political technologies. Theory,
Culture & Society, pp.0243-263.

Simone, A. and Rao, V. (2012). Securing the majority: Living through uncertainty in Jakarta. International Journal of
Urban and Regional Research, 36(2), pp.315-335.

Sultan Khan, S. and Karimi, K. (2015). Karachi: The transformation and spatial politics of a post-colonial migrant city.
In Proceedings of the 10th International Space Syntax Symposium, London.

Sultan Khan, S., Karimi, K. and Vaughan, L. (2017). The tale of ethno-political and spatial claims in a contested city:
the Muhajir community in Karachi. In Rockem, J., Boano, C., (Eds). Rethinking planning and urban geopolitics in
contested cities. (In press)

Vertovec, S. (1995) Hindus in Trinidad and Britain: Ethnic religion, reification, and the politics of public space. In: Veer,
P.van der (ed.). Nation and Migration: The politics of space in the South Asian diaspora. University of Pennsylvania
Press.

Waterman, S. and Kosmin, B.A. (1987). Residential change in a middle-class suburban ethnic population: a
comment. Transactions of the Institute of British Geographers, pp.107-112.

THE SUM OF THE PARTS IS GREATER THAN THE WHOLE: ‘| 4 7 ‘| 3
Multi-scalar socio-spatial definitions of identity in Karachi’s Muhajir majority areas. .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

#1438

THE ASSOCIATION OF SPATIAL NETWORK WITH SOCIAL
NETWORK IN THE HIGH-RISE SOCIAL HOUSING

JOO YOUNG KIM
Sejong University, Seoul, South Korea
kiyanna@hotmail.com

HOON-TAE PARK
MIM Institute, Seoul, South Korea
htpark@mime-institute.org

YOUNG OOK KIM
Sejong University, Seoul, South Korea
yokim@sejong.ac.kr

ABSTRACT

Interaction between built environment and social network has been a long research subject.
Many researches have focused on interpreting social network in field of sociology. Even though
they acknowledge the possible impact of spatial network on built environments, researchers
lack a tool to incorporate spatial network in their research agenda.

Similarly in the space syntax community, many studies attempt to examine the interaction of
using spatial network analysis. Spatial behaviour (i.e., space use pattern and cognition) is their
primary concern to measure the degree of people’s social interaction. They thus explain the
degree of social relation by measuring indirectly. Recently few studies explain the relation of
spatial configuration with social interaction by measuring it with more direct manner. Based on
these researches, we can apply social network analysis to examine the association given that
the interaction of spatial configuration with social interchange.

In this context, this study aims to explain characteristics of association between spatial
configuration and social network. A social housing in Seoul is selected for the case study. Using
space syntax and social network analysis the association is examined statistically. Questionnaire
and interview survey reveals the pattern of social network among residents. Social network
analysis present the pattern numerically based on questionnaire. Netminer analysis describes
social network of residents. Then, finally, we investigate the relationship between the properties
of spatial configuration and the intensity level of social network. The result shows that spatial
network properties can explain characteristics of social network. Once we understand the
relationship of spatial configuration and social network we can have a profound understanding
of the interaction between space and society.

KEYWORDS

Space syntax, spatial network, social network, social housing, space syntax and social network
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1. INTRODUCTION

Permanent rental apartments as a type of social housing in Korea are constructed by the public
sector in the form of large high-rise complexes. Low-income people live there collectively,
comprising several hundred to several thousand deprived households. Social exclusion is a
serious issue in these social housing complexes, not only from the outside of the complexes but
also among neighbours within the complexes. Numerous researches have argued that social
housing increases the level of isolation and conflicts among residents (Kim et al, 2008; Ha, 2007;
Kim, 2004), particularly because they are mainly old, handicapped and unemployed people,
deprived of social activities and interaction with their neighbours (Kim, 2002). These researches
focus on the phenomenal aspects of the issue, that is, the exclusive nature of residents who do
not want contacts with neighbours or of outsiders who believe they are superior to those social
housing residents. However, few have dealt with the spatial aspects of the issue, which deem
more important from an urban design point of view.

The social network of residents is embedded in physical environments, since the configuration
of residential space cannot but affect the way in which people behave and interact socially
(Francescato et al., 1989). Space syntax researches (Hillier and Hanson, 1984; Hillier, 1996)
provide a set of ideas and methodologies to investigate such relationships. Through analysing
the configuration of architectural and urban spaces, space syntax tries to establish the
relationship between spatial structure and spatial behaviours. Hillier et al. (1993) have shown
how the spatial configuration of urban streets could form natural movements within them, and
Kim and Penn (2004) have explained how the configuration of streets in residential area, the
density of spatial uses and the cognitive map of residents could be correlated to each other. Kim
and Cho (2015) have explained the degree to which residents in a village of dosshouses interact
to each other in the context of its spatial configuration. These studies imply an important hint
at how spatial configuration can affect the formation of neighbours in residential areas. Also,
although not about social housings, there are many studies which try to explain the relation
of spatial configuration and social interaction by measuring it in a more direct manner. Sailer
and Penn(2007) have reported that interaction pattern was examined by measuring social
interaction between students and teachers in school. In a similar way, Wineman et al (2009)
show therelation betweenthe number of published research papers and space syntax properties
of workplaces. Sailer and McCulloh (2012) also attempt to translate the relationship between
spatial configuration and social relation in knowledge-intensive workplaces.

Based on those two kinds of previous researches, one about the social exclusion in social
housing and the other about the effects of spatial configuration on the formation of social
relationships, we try to investigate the relationship between the spatial configuration of social
housing and the de/formation of social community within it. We assume that social network
in residential area is a crucial factor for the formation of community. It is particularly the case
for social housing where its residents are mainly old, handicapped and unemployed, because
the absence of social network among them make it more difficult to form community in social
housing.

More specifically, it is our aim to reveal how the spatial configuration of social housing may
foster or impede the formation of social networks. There are not many previous researches
found in this line of investigation. Some study about the social phenomena of isolation and
exclusion but do not take into account the relationship between spatial configuration and
social network. Others that have considered the latter relationship do not seem to have much
interests in the formation of community required especially for social housing.

Also in space syntax, itis generally argued that the more integrated a space is, the more actively
spatial uses and social encounters occur in it. However, those researches on the issue of social
exclusion in social housing seem to argue the opposite, since they observe the more severe
level of social exclusion and isolation among neighbours who are spatially more accessible to
each other. In this respect, we are interested in verifying the presence of correlation between
the space configurational properties of integration or accessibility and the level of social
communication in the context of social housing. If the properties of spatial configuration are
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found closely related to those of social network, we will further investigate how they are so.
That is to say, we wish to confirm either if residents living in more accessible spaces are more
interacted socially or it is the other way around.

This paper deals with the results of a case study. First, we analyse quantitatively the properties
of social network based on empirical surveys. Second, through spatial analysis, we examine
the accessibility of facility spaces which residents in social housing frequently use. Finally, we
investigate the relationship between the properties of spatial configuration and the intensity
level of social network. We have employed Depthmap for spatial analysis, Netminer for social
network analysis, and SPSS for statistical analysis on their relationships.

2. SPATIAL CONFIGURATION AND SOCIAL NETWORK IN SOCIAL HOUSING
COMPLEX

2.1 THE PROPERTIES OF SOCIAL NETWORK

Social housing in Korea has been provided by the government, from the early 1980s in a way
to resolve housing problems for urban poor. But since then, the issue of social exclusion has
emerged as social housing has the form of segregating socially deprived classes spatially at
a collective scale (Kim et al., 2008). Residents in social housing are discriminated by middle-
class people who live outside social housing complexes (Kim, 2004). Internally, residents are
psychologically repressed so that they tend to avoid neighbours for themselves. Also, it has
been reported that the high rate of senior citizens, the handicapped and the unemployed
among neighbours in social housing causes naturally a lack of social activity and restrictions
in communication among neighbours (Kim, 2002). These external and internal factors of social
exclusion conjoin together to deteriorate the problems of segregation and the collapse of social
network.

Although there are also some reports on the issue of slumism that causes distrust and
avoidance among neighbours (Rankin and Quane, 2000), it does not yet apply to social housing
in Korea. Instead, social housing in Korea has its own share of social problems, including high
rate of suicides, conflict among neighbours, alcohol-related disturbances and noise issues,
which hinder the formation of community consciousness (Kim, 2004). We regard these social
problems in Korea cannot be explained by the progression of slumism, which is not yet present,
but by a lack of social network within social housing complexes. It seems therefore necessary to
investigate thoroughly the essential properties of social network, and particularly, its structure.

2.2 THE RELATION OF SPATIAL CONFIGURATION AND SOCIAL NETWORK

The idea of social network is often employed to explain the social behaviours of people who
are included in a network following a particular protocol (Mitchell, 1969). Also, the idea
of social network is useful as it is capable of expressing spatial relationships in cities (Butts,
1982). But few have examined the relationship between spatial and social networks. Sailer and
Penn (2007) studied the interaction between spatial phenomena and communication among
students at schools. It is among the first attempts to explain the correlation between spatial
and social networks, and presents a guideline to approach the question at hand. Wineman et
al. (2009) showed a positive correlation between the relative position of researchers in a spatial
configuration and the number of publications through co-works. That is, it is found that the
more accessible researchers are to each other in the spatial configuration of research institute,
the more potential interactions they have and thus the larger number of publications they
produce. In a similar manner, Sailer and McCulloh (2012) investigated spatial properties that
help to generate social interaction in office spaces.

These relationships between spatial configuration and social interaction are also important
in studying those in residential areas. The degree of social interaction among neighbours will
have greatimpacts on the formation of community. We can expect that active social interaction
would strengthen community consciousness and social solidarity and it would in turn contribute
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to the reduction of social problems in social housing. Therefore, apart from schools and
research institutes, to study about the relationships between spatial configurations and social
interactions may well gain importance on its own.

3. RESEARCH DESIGN AND METHODOLOGY

3.1 RESEARCH MODEL

Based on the assumption that spatial properties can affect the degree of social interaction, this
research attempts to define the key properties of spatial configuration and social network and
test the following hypotheses:

Ho: There is no difference in the average properties of social network among different spatial
accessibility groups

Hi: There are differences in the average properties of social network among different spatial
accessibility groups

<Independent Variables> <Dependent variables>
Spatial network properties Social network properties
Groupa: low accessibility —+

The average of social network

. . . -
Groupz: medium accessibility (Degree, Closeness and

Betweenness)

Group3: high accessibility —+

Figure 1 - Model of Analysis

3.2 MEASUREMENTS

Our research model defines the space configurational properties of individual housing units as
the independent variable. Individual households are represented by their entrance spaces and
their accessibility is measured by integration indices in space syntax (Hillier and Hanson, 1984,).
Three groups of low, medium and high accessibility are classified to reflect the hierarchical
space structure of a social housing complex. A social network is formed based on acquaintance
relationships, so that it is assumed to be simple, unweighted and undirectional. Network
properties of degree, closeness and betweeness are then measured for this social network.

3.3 CASE STUDY SITE

The study site was a high-rise social housing complex ‘A’ in Seoul, constructed and operated
by the public sector. The complex ‘A" was completed in 1991, with 7 buildings of 15 stories and
1,807 units in total. All buildings are of corridor access type, 6 of which are L-shaped and the
other is line-shaped. Average unit size is very small, ranging from 25.2m2 to 39.6m2. Common
facilities include stores, community welfare centre, senior citizens centre, maintenance
office and walkways. As of 2015, 77% of the residents were 60 years or older; 21.4% were
handicapped; 52.4% have been living in the complex 20 years or longer. The complex has its
share of social problems, including high rate of suicides, conflict among neighbours, alcohol-
related disturbances, and noise issues (Nakhyunjae, 2014).
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3.4 METHODOLOGY

Firstly, the research carries out social network analysis based on empirical surveys. Respondents
are asked to reveal which neighbours they meet frequently and where the meetings take place
within the complex. Using Netminer, a social network is formed and its properties are further
analysed. The spatial properties of meeting places are also examined. Second, the spatial
configuration of the housing complex is analysed and the relative accessibility of households
and meeting places. Each household is represented by its entrance space and its integration
indexis calculated using Depthmap. Integration values of meeting-places are averaged over the
social sub-networks of respondents who have chosen them. Third, the correlation between the
spatial and social network properties is analysed in a way to define the most salient variables.
The defined spatial properties are taken to be independent variables and classified according
to their intrinsic distribution. One-way ANOVA test is then employed to find out if there are
significant differences in the average social network properties among the classified spatial
groups. ANOVA test is particularly useful in distinguishing group differences. Finally, if there are
significant social differences among the spatial groups, we try a post-hoc description of group
differences in a qualitative manner.

4. RESULTS

4.1 SOCIAL NETWORK ANALYSIS

For analysis of the social network, 1,807 surveys were distributed (i.e., all units in the complex)
and later collected through the maintenance office of the complex. 450 surveys were collected
(response rate: approximately 24.90%), with 336 valid samples. 611 network nodes were
generated from the analysis of the valid samples. The number of nodes is greater than that of
valid samples because residents from non-valid samples are included in the social network.

Figure 2 is the spring map for social network analysis in the complex. It shows that 250 out
of 611 nodes are isolated, while 360 nodes (59%) are connected. These connected nodes are
concentrated around some particular nodes, which are Tong Jang (i.e. voluntary community
head) and the complex administrative managers. Other connected networks without Tong Jang
are of much smaller size and usually consists of less than 10 nodes. If we remove the complex
administrative managers from the network, it is sub-divided into a group of small disconnected
networks. This means that the social network in the complex depends a good deal on the
presence of those managers.

Table 1 and Figure 3 shows the result of individual measures — degree, closeness, betweenness —
forthe social network. The distribution of degree is highly skewed in such a way that low degree
values are extremely common. On the other hand, for the connected parts of the network, the
distribution of closeness is skewed in the opposite way. Finally, only 12% of the total nodes (76
out of 611) have non-zero betweenness values, indicating that most residents behave as end-
nodes and do not mediate any social relationships at all within the complex.

Figure 2 - lllustration of social networks
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Degree Closeness Betweenness
Valid 611 611 611
§ (of links) | (250) (250) (535)
Mean 0.98 0.04 0.00
Minimum 0.00 0.00 0.00
Maximum 12.00 0.13 .03

Table 1 - social network analysis
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Figure 3 - Histograms for social network analysis (degree, closeness, and betweenness)

The graph in the figure 4 shows the results of multiple responses regarding the meeting places
of the residents in the complex. It turns out that they meet mostly in their own or neighbours’
houses. The next frequent places are corridors or elevators. Community welfare centre,
playgrounds and walkways follow in turn, while residents rarely choose maintenance office and
parking garages as their meeting places. Analysis of Spatial Configuration

neighbor's or my home N 165
hallway or elevator I 152
maintenance office mm 7

parking garaze 13
community welfare enter DEE———— 39

senior citizens center W 11

playground I 24

gym facility o 17
walk trail I 56

stores inside complex I 24

other mE 11

Figure 4 - Types of meeting places
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To study the spatial configuration, an axial map analysis of the complex was conducted. The
result is presented in Figure 5, displaying its spatial accessibility. As it shows, the complex is
separated by a stream in the south-west side and connected to main artery roads in the north-
east side. This locational conditions result in the high accessibility in the northern and eastern
sides and this affects the internal structure of the complex. In the Internal complex, the highest
local integration value is 2.15, found on the road along the east and northeast side of the
complex connected to the main entrance. It is followed by the east-west axis through centre of
the complex at 1.71; the value for the north-south axis is 1.67. On the other hand, low values are
found at walk trail, gym facility and community center, which are supposed to be functioning
as interaction spaces.

Figure 6 shows the results for the space configurational properties of meeting places. The
highest local integration value of 2.75 is found at maintenance office, followed by corridors
or elevators at 2.65, within-complex stores at 2.48 and parking garages at 2.30. Walkways
(1.49) and gym facilities (1.50) are those places with the lowest integration values. The results
show that community facilities such as gym, senior citizen centres and welfare centres are
rather segregated spatially against their intended function to increase the communication of
neighbours.

Figure 5 - Axial map analysis

Q.00 050 1.00 150 2.00 250 3.00

neighbor's or my home I 184
hallway or elevator G 2 65
maintenance office I 275
parking garage I 2 .30
community welfare enter I 179
senior dtizens center GGG 17
playground I 130
gym faciity I 150
walktrall I 149

stores inside complex GGG 743

Figure 6 - Average local integration of meeting place
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Figure 7 - Histogram of local integration

We also have a look at the frequency distribution of local integration for the households
participated in the valid samples, from Figure 6. It is possible to divide the samples into the
three groups by their local integration values. This natural division reflects the hierarchical
space structure of the complex in which individual buildings are connected to the outside of the
complex.

That is to say, the complex is structured in a sequence of main roads connecting it directly to
its outside, distributive roads diverging from the main roads, and local roads serving individual
buildings.

Table 2 shows how meeting places for neighbours are differentiated according to the different
groups of spatial accessibility. 27.5% of residents from the low spatial accessibility group meet
their neighbours at their own or neighbours’ home, while the figure is much higher at 34% for
residents from the high spatial accessibility group. A similar pattern can be found for meeting
places such as hallways, elevators and maintenance office. This shows that residents from the
high spatial accessibility group tend to meet their neighbours at highly accessible spaces where
casual encounters are favoured. On the contrary, we find the opposite tendency for community
welfare centre and walkway which 12.5% and 15% of residents from the low spatial accessibility
group respectively have chosen as meeting places, while on ly 6.4% and 9.6% of residents
from the high spatial accessibility group use them to meet their neighbours. Since community
welfare centre and walkway are located at low accessible spaces, it may be taken to imply that
residents from the low spatial accessibility group prefer places where long-lasting and intended
meetings are facilitated
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(N)
(%)

Low

(N)

(%)

local integration
Medium

(N)

High

(%)
(N)

Total
(%)

Total

8o

100.00

221

100.00

218

100.00
519

100.00

Their
ownor |Corridors| mainte-
neigh- |oreleva-| nance

bours’ tors offices
home
22 22 3

27.50 27.50 3.75

69 69 1
31.22 31.22 0.45
74 61 3

33.94 27.98 1.38
165 152 7

3179 29.29 135
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parking
garages

com-
munity
welfare
centres

10

12.50
15
6.79
14
6.42

39
7-51

senior
citizens
centres

1.25

1.36

3.21

alal

Play- | ™ | walk
LT g e
9 ties
1 2 12
1.25 2.50 | 15.00
9 10 23
4.07 4.52 | 10.41
14 5 21
6.42 2.29 | 9.63
24 17 56
4.62 3.28 | 10.79

Table 2 - Frequency of meeting place uses classified by the accessibility of households

stores
inside | other
complex
B 3
.25 | 375
14 3
6.33 1.36
9 5
4.13 2.29
24 11
4.62 2.12

4.2 CORRELATION ANALYSIS BETWEEN SPATIAL CONFIGURATION AND SOCIAL NETWORK

We have found that the most correlated variables are local integration values from spatial
configuration and degree from social network. As mentioned earlier, it is the case that the local
integration values of household are affected by the location of buildings to which they belong
in the complex. From this natural distinction, we have classified the households into three
categories by applying Jenks Natural Breaks algorithm. The results show that local integration
values for the lower accessibility group ranges from o to 1.5, for the medium accessibility group
it changes up to 1.8 and for the higher accessibility group it is greater than 1.8. Next, we turn to
analyse social network properties for these different accessibility groups.

Degree

Pearson Correlation
Degree )

Sig.

Pearson Correlation
Closeness .

Sig.

Pearson Correlation
Betweenness )

Sig.

Local integration

Pearson Correlation

Sig.

*significance level p<o.o05

Closeness Betweenness
1.00 0.50
0.00
0.50 1.00
0.00
0.60 0.29
0.00 0.00
-0.10 -0.05
0.01 0.26

Table 3 - Correlation of spatial configuration and social network

Local integration | other

0.60

0.00

0.29
0.00

1.00

-0.01

0.77
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Table 5 shows the results for the significance of ANOVA and permutation tests. Table 6 and
Figure 8 show the average values of social network properties for each accessibility group.
Firstly, ANOVA test shows that F-value is 7.79 with the degree of freedom of 2 and 608 for
between-groups and within- groups respectively, so that there is insufficient evidence to
accept the null hypothesis at the significance level of 0.05. Therefore, we confirm that there
are differences in the average properties of social network among different spatial accessibility
groups. The same result is confirmed also by permutation test, in which we have the probability
of F-value greater than the test statistic is zero.

For the post-test descriptions of average degree of social network, we report that residents
from the low accessibility group has 1.02 and those from the medium group has 1.17 and those
from the high group has 0.68. The test result can be thus interpreted as evidencing that those
residents who live at high accessible spaces has relatively weak social interaction.

Now we can safely interpret group differences. Residents who live in low accessible spaces have
higher values of degree for their social network. On the other hand, those who live in more
accessible spaces have lower values of degree and thus participate weakly in social networking.
These results confirm that spatial properties affect the social networking of residents, but the
reason why they are so contrary to previous studies shall have to be interpreted in the particular
context of permanent social housing.

DATA COUNT
Ciouml Percenlage{®)
Walid 6511 100%.
Missing 0 0%
RESULT OF ANOVA VECTOR
Source of variation Sum of Squares af. Lhaan Square
Berween groups 29.542 g 14271
WAEhin growps 1113295 s03 1831
Totals 1141838 &10
PERMUTATION TEST
Cihaerved Fupircted[maan) S, Darv. [TERT ] P == 088} P <= (b}
7704 1.008 0997 o a 1
Table 4 - Results of ANOVA
N Mean Std. Deviation
Low 106 1.0189 1.4735
Medium 309 1.1650 1.4865
High 106 0.6786 1.0247
Total 611 0.9836 1.3682

*100,000 permutations (significant the level of P<o.05)

Table 5- Mean and standard deviation of the different accessibility groups
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Figure 8 - Means plots of ANOVA

5. CONCLUSION

This paper analysed the effects of spatial configuration on the social network of residents
in social housing in Korea. The first results showed that there is a weak positive correlation
between the local integration of spatial configuration and the degree of nodes in social
network, but no significant correlations are found for such other social network properties as
closeness and betweenness. We have then classified the position of households in the social
housing complex into the three different groups of local integration and examined how these
different accessibility groups have different nature in the degree formation of social network.
It showed that residents who live in more integrated spaces have weak social connections with
their neighbours, and vice versa.

The results seem counter-intuitive, since most previous researches have reported the higher
frequency of social interaction in more integrated spaces (for instance, Hillier et al., 1993;
Wienman et al., 2009). To fully understand this, we need to focus on the special circumstance in
which social housing is placed in relation to other residential areas. The social housing complex
we have studied in this paper is highly exclusive both internally and externally, in which residents
do not want to meet not only their neighbours but also outsiders. It is a “socially marked” space
(Ha and Seo, 2006; Hong, 2005), where its residents suppressed desires to interact with others.
When no such desire is present, the common spatial mechanism is reversed. The results only
reflect residents’ willingness to deny social interaction in any kind.

Even in this exclusive environment, however, the behaviour of its residents can be explained
spatially. We have shown that residents who live in relatively more integrated spaces tend
to meet others, if they should, at hallways or lobbies that are easily accessible but allow only
temporary or transient encounters. They do not want any further interaction to unfold but
rather look for permanent isolation. On the other hands, residents who live in relative less
integrated spaces and have even less opportunities to meet neighbours choose such meeting
places as community facilities where long-lasting relationships can be secured. Their segregated
positions within the complex seem to turn their nature positively and these common facilities
help them to form relatively strong social network.

Finally, this paper suggests that a new social model is required for exclusive residential areas
where deprived people live collectively. According to such a model, we may need to increase
the defensibility of individual households while allowing community facilities to be located
at relative more accessible spaces. In this way could we be able to enhance both privacy and
community consciousness in social housing complexes. In particular, for social housing where
its residents are mainly old and handicapped, the placement of community facilities at more
accessible spaces would make it easy to induce strong social network effects.

THE ASSOCIATION OF SPATIAL NETWORKWITH SOCIAL NETWORK IN THE HIGH-RISE SOCIAL ]48 ‘| ‘|
HOUSING .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

ACKNOWLEDGEMENTS

This research was supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (NRF-2016R1D1A1B03935337).

THE ASSOCIATION OF SPATIAL NETWORKWITH SOCIAL NETWORK IN THE HIGH-RISE SOCIAL ]48 ‘|2
HOUSING .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

REFERENCES

Butts, C. T. (2008), ‘Social network analysis: A methodological introduction’. Asian Journal of Social Psychology, Vol.
11(1), p.13-41.

Francescato, G., Weidemann, S. and Anderson, J. R. (1989), ‘Evaluating the built environment from the users’ point of
view: an attitudinal model of residential satisfaction’. In Building evaluation. New York: Springer US. p. 181-198.

Ha, S. K. (2007), Housing Deprivation and Social Housing of Korean, Seoul: Jipmoon.

Ha, S. K. and Seo, J. N. (2006). ‘Public Rental Housing and Social Exclusion’, Housing Studies Review, Vol. 14(3), p.159-
181.

Hiller, B. (1996), Space is the Machine: A Configurational Theory of Architecture, London: Press Syndicate of the
University of Cambridge.

Hillier, B. and Hanson, J. (1984), The Social Logic of Space, Cambridge: Cambridge University Press.

Hillier, B., Penn, A., Hanson, J., Grajewski, T. and Xu, J. (1993), ‘Natural Movement: Or Configuration and Attraction in
Urban Pedestrian Movement’, Environment and Planning B: Planning and Design, Vol. 20, p.29-66.

Hong, I. O. (2005), ‘Social Exclusion Resolving and Social Integration in Permanent Rental Housing'. Urbanity &
poverty, Vol.76, p.32-60.

Kim, M. H., Lee, M. A. and Noh, S. H. (2008), ‘The Development of Social Inclusion-Exclusion Indicators: Focused
on the Permanent Rental Apartment Dwellers’. Journal of the Korea Housing Association, Vol. 19(6), p.95-104.

Kim, S. H. (2002), ‘Life and Alternative of Neglected Social Groups in Soul'. In: Proceedings of the Tenth Seoul
Development Institute Conference, Seoul, 30 October 2002.

Kim, W. J. (2004), ‘A study on the social exdusion of publz rental housing residents: Focusing on the social exdusion
through residential segregation’. Korean Journal of Urban History, Vol. g, p.87-114.

Kim,Y.O.and Penn, A. (2004). ‘Linking the Spatial Syntax of Cognitive Maps to the Spatial Syntax of the Environment'.
Environment and Behavior, Vol. 36(4), p.483-504.

Mitchell, C. (2696), Social Networks in Urban Situations: Analyses of Personal Relationships in Central Africa Towns
Manchester, Manchester: Manchester University Press.

Nakhyunjae (2014), A Survey for Vision of the Rental Housing Remodeling. Seoul Housing & Communities Corporation.
Seoul.

Rankin, B. and Quane, J. (2000), ‘Neighborhood Roverty and the Social Isolation of Inner-city African Amarican
Families’, Social forces, Vol. 79(1), 139.

Sailer, K. and McCulloh, I. (2012), ‘Social Networks and Spatial Configuration—How Office Layouts Drive Social
Interaction’. Social Networks, Vol. 34(1), 47-58.

Sailer, K. and Penn, A. (2007), ‘The Performance of Space—exploring Social and Spatial Phenomena of Interaction
Patterns in an Organisation’. In: Proceedings of the Architecture and Phenomenology Conference. Faculty of
Architecture and Town Planning, The Technion, Israel Institute of Technology.

Wineman, J. D., Kabo, F. W. and Davis, G. F. (2009), ‘Spatial and Social Networks in Organizational Innovation”.
Environment and Behavior, Vol. 41(3), p-427-442.

THE ASSOCIATION OF SPATIAL NETWORKWITH SOCIAL NETWORK IN THE HIGH-RISE SOCIAL ]48 ‘|3
HOUSING .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

#149

BIG DATA AND WORKPLACE MICRO-BEHAVIOURS:
A Closer Inspection Of The Social Behaviour Of Eating and Interacting

PETROS KOUTSOLAMPROS
Space Syntax Laboratory, University College London, London, United Kingdom
petros.koutsolampros.11@ucl.ac.uk

KERSTIN SAILER
Space Syntax Laboratory, University College London, London, United Kingdom
k.sailer@ucl.ac.uk

ROSIE HASLEM
Spacelab, London, United Kingdom
Rosie.Haslem@spacelab.co.uk

MARTIN ZALTZ AUSTWICK

Centre for Advanced Spatial Analysis, University College London, London, United
Kingdom

m.austwick@ucl.ac.uk

TASOS VAROUDIS
Space Syntax Laboratory, University College London, London, United Kingdom
t.varoudis@ucl.ac.uk

ABSTRACT

Evidence-based design aims to understand human behaviour so that strategic decisions are
well-informed when creating a new space. Workplace research to date has provided interesting
insights, but has mostly done so on a case-by-case basis. This approach does not yield
generalisable patterns, making results problematic to use in an evidence-based design context.

This paper builds upon previous large-scale analysis done by the authors and focuses on two
aspects of workplace behaviour — eating and interacting. We aim to understand the nuances of
these behaviours, thus we explore them as independent phenomena, separate them into sub-
categories and set out to understand the reasons behind these observations.

The examined dataset includes 23 organisations in the UK, with a wide variety of sizes, numbers
of floors and buildings. It consists of human activity data collected through direct observation,
Visibility Graph Analysis and organisational parameters such as industry and flexibility of desk
occupancy.

The first behaviour we focus on — interaction — has already been explored in previous research
and has been found to happen primarily in workspace and meeting rooms. In this instance we
initially classify interactions according to the activity of the members and the type of space
they occurin. The analysis of the second behaviour — eating — revolves around the activities and
locations of people at lunchtime. We aim to discover where people choose to eat and how this
is affected by the characteristics and availability of eating spaces.

BIG DATA AND WORKPLACE MICRO-BEHAVIOURS: ‘| 49 ‘|
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Forthetwobehavioursstudied, we examine how each activity relates to the spaceitis happening
in, taking into account a set of spatial and organisational factors. In the first case we test each
interaction against proximity to circulation and local visibility of the space, while in the second
we examine the popularity of different types of spaces, for example canteens and breakout
spaces, against their proximity to workspace and what possibilities of inter-visibility they offer.

This paper provides detailed insights into the phenomena of interacting and eating, and reflects
on limitations of traditional statistical analysis. It will also highlight further opportunities for
handling these types of big datasets using different techniques such as Principal Component
Analysis and machine learning.

KEYWORDS

Workplace, Interaction, Eating, Evidence-based design

1. INTRODUCTION: GENERALISABLE PATTERNS FOR EVIDENCE-BASED DESIGN

Evidence-based design aims to understand human behaviour so that strategic decisions are
well-informed when creating a new space. This evidence comes in the form of patterns of human
behaviour that are related to the many properties of space and the organisation occupying it.
Understanding these patterns would be invaluable to designers, as it would allow them to make
informed decisions to drive specific outcomes (e.g. greater collaboration) when creating new
workplaces, but there has not been a sufficient amount of data to consistently predict where
and how behaviours occur. The problem identified by sociologist Gieryn (2002), i.e. ‘scattered
empirical evidence’ on the relationship between building layout and social interaction, remains
unresolvedtoday. Inaddition, applyingresearchfindingsin practice has beenfound problematic.
The concerns of confusing practitioners and a potential “misapplication of research findings
that become popularised (...) to vastly different organisational contexts” (Heerwagen et al.,
2004, p.525) resulting in mixed successes and disruptive behaviours was bemoaned more than
10 years ago.

Two things have changed however in the last decade: firstly, the appetite of architects for
evidence-based design practices, and secondly, the availability of larger datasets to reproduce
findings, or in fact, search for generalisable patterns.

Online surveys with architects and people who have worked with architects highlighted the
general need for evidence-based design, but the lack of tools for this. It was found that 81%
of the participating architects wanted to know more about new tools (Outram, 2015) and that
80% perceived a need for evidence in the design process (EBD, 2015). In contrast to these
needs, the surveys point out that there is no substantial practice of evidence-based design,
with 27% of respondents never having done a post-occupancy evaluation and 40% doing so
but not formally capturing the results (Outram, 2015). Moreover, very few review literature as
part of normal practice. A general lack of generically valid and thus ‘actionable’ insights might
contribute to that.

Meanwhile, other scientific fields turn their focus towards reproducibility. The advent of big data
has allowed for more, and more interesting insights, but has also highlighted inconsistencies
when trying to reproduce experiments. From a brief online survey of 1,576 researchers in 2016,
Nature magazine found that “More than 70% of researchers have tried and failed to reproduce
another scientist’s experiments, and more than half have failed to reproduce their own
experiments” (Baker, 2016, p.452). The research around human behaviour suffers especially in
this regard, with multiple studies following multiple, and at times contradictory, theories, thus
resulting in innumerable inconsistencies across them (for a discussion see Watts, 2017).

The aim of the study presented here was to examine multiple cases using a few clearly
explained methods typically used in the literature. If the lack of consistent results in previous
research was driven by the lack of sufficient amounts of data to be examined, then we should
be able to identify patterns of human behaviour in this dataset. If on the other hand, the larger
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dataset yielded similarly inconclusive results then other methods need to be tested that can
take confounding factors into account more systematically.

Given that we are looking for generalised patterns that hold across all types and sizes of office
spaces, the methods were initially applied across the whole dataset. They were then extended
to focus on other properties of the dataset. We split the dataset in two ways, across industries
and specific projects (where applicable) allowing us to examine the many differences between
the cases orindustries. This deeper analysis highlighted the nuances of the metrics we examined
as well as the limits of the methods applied.

The paper is structured as follows: the next section is a review of existing research around
the subject of human behaviour in the office and the various efforts, methods and metrics to
understand it. A section will follow on the properties of the dataset used and a description of
the metrics used in this analysis. The next three sections describe the analysis of the behaviours,
the first two at the top-level, and the last digging into more detail. The last two sections discuss
the overall conclusion from this analysis and the future direction this research intends to follow.

2. LITERATURE REVIEW: HUMAN BEHAVIOURS IN WORKPLACES

Workplace research to date has tried to frame the problem of understanding social processes
and behaviours initially through purely psychological studies (Sundstrom, 1987) and latterly
through empirical methods that take the properties of the workspace into account (Allen and
Fustfeld, 1975). The emergence of Space Syntax (Hillier and Hanson, 1984) has given researchers
theories and methods to analyse space in more systematic ways, some of which could be used
to understand human behaviour in the workplace. Since then, arich research field has emerged
and multiple studies have created new metrics and methods to understand how interaction is
affected by barriers (Hatch, 1987), the role of attractors such as photocopiers and water-coolers
(Fayard and Weeks, 2007), and how face-to-face interactions can be created if paths of workers
overlap (Kabo et al., 2015), to name just a few exemplary studies.

Interaction in the workplace was specifically studied by Backhouse and Drew (1992) who
suggested that a moving member of staff may be seen as ‘available’ to initiate an interaction,
and thus become ‘recruited’. Those recruited may eventually begin an interaction with someone
seated and if they continue standing can be seen as ‘visiting’. The idea of a ‘visiting’ behaviour
was initially expressed by Penn et al. (1999), as a way to understand how many people are
visiting against how many people are inhabiting a space. They used an aggregate metric called
‘visiting ratio’ defined as the number of people standing to the number of people sitting for a
particular area, but only utilised the metric to describe the activity of different floors.

All this research provided interesting insights for each case study examined, but has not shown
whether their results can be generalised to other workplaces. One of the main problems
identified by Sailer (2010), is the lack of a consistent methodology applied across cases. As each
study uses its own methodology to study a few cases, the results identified in the literature
stem from a fragmented collective dataset. This approach does not yield generalisable patterns,
making results problematic to use in an evidence-based design context. A characteristic study
is by Hillier and Grajewski (1990), where the authors examined seven buildings as an example of
how Space Syntax methodology can be applied in workplace environments. They used mainly
Pearson correlation and found that movement and interaction can be affected by a building’s
integration, but this only happened in a few samples and not at the dataset as a whole.

3. DATASET AND METRICS

The dataset used in this study was provided by Spacelab, an architectural design and
consultancy practicein London, UK, and has already been examined in two previous publications
(Koutsolampros et al., 2015; Sailer et al., 2016). It has been collected over the last 6 years with
the purpose of providing insights to the inner workings of each client company. The dataset
currently includes spatial, social and organisational information as well as observed activity for
approximately 5o companies, and continues expanding at a rate of almost ten projects per year.
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A partial dataset was used for this study, with cases that were digitised as required for the
analysis. It consisted of 20 companies, at 23 sites and across 45 buildings, with a total of 128
floors. The total number of desks in the study was 12,575. The partial dataset included four
types of data:

e Visibility Graph Analysis (VGA) at eye-level and with a grid size of 45x45cm. Two VGA
metrics were specifically used:

e Connectivity: The amount of cells another cell can ‘see’;

e Metric depth distance: The length (in meters) of the path of fewest turns between
two points;

e Functions of space in the form of polygons on the plan;
e Hourly snapshot observations collected by human observers (Vaughan, 2001).

The dataset also contains organisational parameters, of which one was used in this paper: the
industry of each organisation. The cases examined were from eight different industries (see
table1): Market research, Architecture, Legal, Financial services, Creative agencies, Technology,
Media and Retail.

Industry Number of desks Number of cases

Market research 281 1
Architecture 373 2
Legal 507 2
Financial services 723 5
Creative agency 792 3
Technology 854 2
Media 2457 4
Retail 2897 4

Table 1 - Case studies by industry

4. BEHAVIOUR ONE: INTERACTION IN OPEN WORKSPACES

The first behaviour examined was interaction within open workspaces and two different subsets
of it were studied, ‘Visiting’ and ‘Chatting’. This examination is an extension of a general micro-
behaviour identification carried out in a previous publication by Sailer et al. (2016).

"Visiting’ was defined as the interaction between a maximum of three people, where at least
one is standing and at least one is sitting at their own desk (as shown in Figure 1), at a maximum
distance of a meter and a half (for a discussion on this distance see Lopez de Vallejo, 2010).
Chatting was defined as an observed interaction between any number of people, as long as all
of them were sitting at their own desks (as shown in Figure 2).
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Figure 1 - Visiting interactions. A person standing (red) interacting with a person seated at their own desk (green);
two sitting, one standing; and two standing, one sitting.

Figure 2 - Chatting interactions. All members of the interaction are seated at their own desk (green).

These interactions were expected to happen under different circumstances. Visiting is a targeted
interaction where a pre-existing relationship can be assumed to be the motivation, for example
people working together, or having a personal relationship. On the other hand, chatting would
almost always be triggered by co-location. Chatting does not exclude conversation about work
or personal relationships, especially given the fact that people from the same team are very
likely to be placed together. In both cases seats that were never occupied were excluded from
the sample because no chance was ever given for interaction. Two different hypotheses were
tested for workspace interaction behaviour: 1) Temporary visiting interactions tend to happen
in more open spaces and closer to circulation, and 2) Temporary chatting interactions tend to
happen in less open spaces and away from circulation. In both hypotheses the input metrics
were desk connectivity and visual metric distance from desk to circulation for all cases.
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Both hypotheses will now be explained in detail, and then tested against the dataset.

Hypothesis 1: Temporary visiting interactions tend to happen in more open spaces and closer to
circulation.

Regarding hypothesis 1, the assumption was that availability plays a major role in the selection
of desks for such targeted interactions. A person sitting in a more visible desk has more chances
to see and be seen by others, and is thus more likely to ‘recruit’ passers-by into an interaction
(Backhouse and Drew, 1992). Therefore, the first parameter examined was connectivity, i.e.
the ability to see others locally. The same can be said for the desk’s distance to circulation. A
desk closer to circulation is closer to the main funnel for movement and is thus easier to reach
by many people passing by. Although not examined here, the main difference between the two
is that connectivity would be expected to trigger more interactions with co-workers who sit in
the same room (i.e. from the same department), while distance to circulation is more likely to
attract interactions from people from other departments who just happened to pass by.

Three output metrics were examined: A) whether a seat was visited at all, B) how many times
it was visited, and C) the amount of times visited grouped into categories. The rationale behind
C is to examine if there are thresholds to how many times people are visited. If for example a
desk is visited very frequently (for example on more than 4 rounds) one could argue that this is
the typical mode of operation of the person or team. On the other hand, desks visited 1-3 times
are more likely to be random interactions triggered by ‘recruitment’. The size of the sample was
8,884 observations of desks.

Two t-tests were carried out, one for how connectivity and one for how distance to circulation
differed for desks that were visited in comparison to those that were not. None yielded
significant results (p-value: 0.64 and 0.14 respectively). Four ANOVA tests were also carried out
to test for significant differences in connectivity and distance to circulation for the number of
times visiting occurred (as discrete count and grouped) (see Figure 3).
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The results were inconclusive for all tests, yielding non-significant results. The relevant p-values
and size of effects (R2) were:

e Times visited VS connectivity: R2 = 0.000, p-value = 0.5110

e Times visited VS depth distance: R2 = 0.001, p-value = 0.1363

e Times visited (grouped) VS connectivity: R2 = 0.002, p-value = 0.0539

e Times visited (grouped) VS depth distance: R2 = 0.001, p-value = 0.2002

Therefore, connectivity and distance to circulation are not, by themselves, factors that affect
the number of times a desk is visited.

The second hypothesis deals with the second subset, ‘chatting’ interactions.

Hypothesis 2: Temporary chatting interactions tend to happen in less open spaces and away from
circulation.

Three metrics were examined to verify or falsify this hypothesis: A) whether a person on a seat
was observed to chat at all, B) how many times this happened, and C) the number of times
happened categorised. The grouping is once again a way to distinguish cases where chatting
is a normal mode of operation, for example due to an unusually cohesive relationship between
the members and thus not the product of random encounters. The size of the sample was 8,884
observations of desks, as in the previous analysis.

Two t-tests were carried out, one for how connectivity and one for how distance to circulation
differed for desks that saw chatting in comparison to those that did not. None yielded significant
results (p-value: 0.702 and 0.2873 respectively).

Four ANOVA tests were also carried out to test the combinations between the input and output
variables (see Figure 4).
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Figure 4 - Times chatted count and grouped VS connectivity and distance to circulation
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All results were inconclusive, yielding non-significant results. The relevant p-values and R2
were:

e Times chatted VS connectivity: R2 = 0.003, p-value = 0.2505

e Times chatted VS depth distance: R2 = 0.001, p-value = 0.8764

e Times chatted (grouped) VS connectivity: R2 = 0.001, p-value = 0.2318

e Times chatted (grouped) VS depth distance: R2 = 0.000, p-value = 0.7766

Both hypotheses 1 and 2 could not have their respective null hypotheses rejected meaning that
connectivity or visual depth distance are not alone responsible for fluctuations in the visiting or
chatting behaviours, but confounding factors must be found and taken into account. A possible
explanation for the lack of significant results in the visiting behaviour could be that a close
distance to circulation acts as a recruitment opportunity, but not with the guest staying close
to the seat, but instead them causing the host to get up so that they can have a quick meeting
elsewhere.

5. BEHAVIOUR TWO: CHOICE OF EATING SPACES

The second studied behaviour dealt with the choices of people, or more specifically what places
they chose to go to at lunchtime. Being social spaces, the spaces examined here are likely to
be preferred for the amount of people that can be seen there. On the other hand, the selection
can be purely utilitarian, i.e. people choosing to go to the closest space to minimise the time
and travel needed to get there. Therefore, two more hypotheses were tested: 3) Canteens will
experience highest usage rates when they are more visible locally and require less effort to
go to, and 4) Break-out spaces will experience highest usage rates when they are more visible
locally and require less effort to go to.

Again, both hypotheses will now be explained and tested, one after the other.

Hypothesis 3: Canteens will experience highest usage rates when they are more visible locally and
require less effort to go to.

For hypothesis 3 the connectivity of each canteen space was tested against its average
occupancy. Occupancy was defined as the number of people observed in a lunchtime snapshot
divided by the capacity and the number of days of observation. The second metric tested was
the average metric distance to get from every seat to any canteen space. The unit of analysis
was a site and the total number of observations was 16.

Two correlations were tested (Figure 5) between canteen occupancy and connectivity, and
canteen occupancy and average metric distance to desks.
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Figure 5 - Canteen occupancy VS Connectivity and Average distance to desks
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The tests provided non-significant results:

e Occupancy density versus connectivity: R2 = 0.091, p-value = 0.2554

e Occupancy density versus average metric distance to desks: R2 = 0.0411, p-value = 0.4513

Therefore, no direct relationship could be found between canteen occupancy and connectivity
or average distance to desks. The fourth hypothesis asks the same question for break-out
spaces:

Hypothesis 4: Break-out spaces will experience highest usage rates when they are more visible
locally and require less effort to go to.

For this hypothesis, connectivity of each break-out space was tested against the average
occupancy density. Occupancy density was defined as the number of people observed in a
snapshot when the overall number of people at breakout spaces was highest (i.e. at peak usage,
which is lunchtime) divided over the area of said breakout space and averaged over the number
of days of observation. The second metric tested was the average distance from the specific
breakout space to reach any seat. The unit of analysis is a breakout space and the sample size
is 91 spaces.

Two correlations were tested (Figure 6) between break-out occupancy and connectivity, and
break-out occupancy and average metric distance to desks.
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Figure 6 - Break-out space occupancy VS connectivity and average distance to desks

The regressions provided non-significant results:
e Occupancy density versus connectivity: R2 = 0.0235, p-value = 0.1469
e Occupancy density versus average metric distance to desks: R2 = 0.0002, p-value = 0.8821

Hypothesis 4, just as hypothesis 3, yielded non-significant results meaning that connectivity
and distance to desks did not alone affect occupancy of an eating space at lunchtime. This is
very likely an effect of other factors, such as the quality of the provided food, the availability of
external food, inter-team and intra-team communication and the look-and-feel and furniture
provision of the canteens. Especially for canteens, this result could also be an effect of the
smaller sample we have, since not all the examined companies have canteens, bringing the
number of cases down to 16.

6. INTERACTIONS: A CLOSER LOOK

Given that the results were insignificant at the top level, we set out to apply the same
methodology taking into account some other parameters, namely the industry each company
belongs to. This section will describe the re-focused analysis to take the industry as a grouping
parameter into account. The rationale behind this decision is that one may consider that
companies in the same industry share the same intrinsic characteristics that allow for the same
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patterns of behaviour to emerge. For the last level of the analysis the focus shifted to each
site itself. While these shifts essentially created the same problems identified in the literature
review (differences in case studies, non-generalisable results) it also created the potential to
see the differences between the cases that did present these patterns and those that did not.

The available data comes from companies from eight different industries. With this split, the
number of seats per unit of analysis drops considerably to a range from 281 to 2,897 seats. The
number of cases per industry is also uneven (see Figure 7); an effect of the way the data was
collected.
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Figure 7 - Number of desks per industry and case

The analysis was carried out for each industry and for each case in the manner described above,
starting with a t-Test (Table 2, Table 3) to assess whether seats that were visited were more
visible or closer to circulation than the ones not-visited, followed by an ANOVA (Table 4), to
examine whether these two metrics had any effect on the times visited.

The t-Test for the visiting behaviour and connectivity (Table 2, left) did yield significant results
for five out of eight industries. While Legal, Financial Services, Technology and Media showed
visited desks had a higher average connectivity than non-visited desks, the reverse was the case
for Retail cases, where visiting tended to be attracted by smaller spaces, i.e. lower connectivity.
Two industries (Financial Services and Technology) displayed a negative difference of over
200 grid cells (~40m2) between the non-visited and the visited desks. For these two industries
connectivity was also influential in the amount of times a desk was visited (Table 4, left),
although the effect was minimal (R2=0.02, 0.016). Distance to circulation was not found to
significantly affect whether a desk was visited (Table 3, left), or how many times that happened
(Table 4, right). In the few cases where the result was significant, the effect was negligible (0.19
metres difference between desks visited or non-visited, or an effect of R2=0.023).
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Table 2 - Per industry and case t-Tests: Connectivity differences between the desks that were visited and those that
were not. Positive significant effects in yellow, negative in red, * significant at the o.05 level, ** significant at the
0.01 level.
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Table 3 - Per industry and case t-Tests: Distance to circulation differences between the desks that were visited and
those that were not. Positive significant effects in yellow, * significant at the o.05 level, ** significant at the o.01
level.
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Table 4 - ANOVA for times visited VS Connectivity and Distance to circulation. Significant effects in yellow, *
significant at the o.05 level, ** significant at the 0.01 level.

These results imply that in some industries there is a relationship between connectivity and
visiting behaviour, specifically that visited seats tend to be in more visible areas. The industries
highlighted (Financial Services and Technology) are the ones that are unlikely to prescribe
interaction behaviour or have a culture that does. They lie between the strictly professional
character of law firms and the noisy information exchange of a creative agency. Therefore, they
are more likely to display genuine ‘visiting’ interactions as those would neither be discouraged
nor the normal mode of operation of the firm.

The same analysis was carried out for each site separately. In this case the unit of analysis
becomes even smaller, with a range from 41 to 1,600 desks. The aim of this analysis was to
identify whether the aforementioned questions can be identified as intrinsic behaviours within
the company that are lost when the data is aggregated.

Some parts of the analysis were indeed found to be significant, mostly for the relationship
between connectivity and whether a desk was visited or not. The six cases highlighted in
2 (right) are significant at the o.o5 level, but the more interesting observation is that four
cases revealed negative differences (i.e. visiting favoured larger spaces with higher average
connectivity), whereas two cases showed positive differences (i.e. visited desks were in smaller
spaces with lower average connectivity). This points to a fundamental problem of aggregating
data into larger datasets, since positive and negative effects will cancel each other out. It also
shows very clearly, how the data presented in this paper mirrors the existing state of the art
with some effects to be found in some cases, but no generalisable patterns valid across cases
and across industries.

In a similar vein, chatting was also examined further, on a per-case and per-industry basis. The
initial per-industry t-Tests (see Table 5, left) were slightly less significant overall and showed
smaller differences in connectivity (up to 169 cells, ~35m2). Connectivity was found to be a
highly significant factor against the number of times chatted (Table 7), but the effect only
occurred in four industries and was minimal, never rising above R2=0.06. Distance to circulation
(Table 6 and Table 7, right) once again mostly provided insignificant results, or negligible effect
sizes and differences.
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Table 5 - Per industry and case t-Tests: Connectivity differences between desks that experienced chatting and those
that did not. Positive significant effects in yellow, negative in red, * significant at the o.05 level, ** significant at the

0.01 level.
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Table 6 - Per industry and case t-Tests: Distance to circulation differences between desks that experienced chatting
and those that did not. Negative significant effects in red, * significant at the o.o5 level, ** significant at the 0.01

level.

BIG DATA AND WORKPLACE MICRO-BEHAVIOURS:
A Closer Inspection Of The Social Behaviour Of Eating and Interacting

149.13



Proceedings of the 112™ Space Syntax Symposium

connectivity drstance
Industry | Samplesize| R' | p-value | ID 51:::‘& R' | pvalue Ingustry gﬁh B | pevalue | 1D | Sample size R* pevalue
R!M:lr::h 3B1| o1 o.500| 15 81| ouoaz o.508 R:‘-il::::h 81 omg 0.330| 15 282 0.030 0.23%
. 1 irh| ooogo 0.6 . Y ik o0.02g 0.663
Architecture 7| oo oy ™ 1] 6005 o8 Architecture | ooz oo = 207| o036 5489
& 49| 0B8] oaw & 59 o©057) o023
Legal bl I I ™ 58| .08 0.6 Lo - 37| eeast g 458] o.053) ooyt
[ AR uahT 6 41 0,136 o.1Bg
1 97| o.035] o.505 1 97] ©.057] 034
msr.ldd 733| .06 naooot| o 186 o.o88 0,129 2::::' 721 ooog| ofso] g 186 0.5y o558
B 16| o.057 0201, [ 15| 0.7 0.623
7 04| 0.a31| o.000%*| 7 204 oobs|  oas3
C 16 1| o.074 o.aba . 16 142 0.0y 0.253
- 792 .05 cupoot| g 287 | 0.a36| c.o00** m 75| ooeb| o420 § 2By o0.052 o308
gency 18 363| 0.a35 0,308 1B 363| o.026 o.582
nology u 355| oosB|  obey u 5| 004 o838
U 854| o.03) o.0o3"* 17 Tog| 0.0z 0.6 Tachnokgy 854| o005 o 7 pogy| D006 0.565
15 59| o.008 0839 15 5| o0.033 0386
Media 2457 0.0 o.oo2®v) 2 658| o.048| cooa**|  Media 457| ool oago| 2 658| o.om o.ogk
12 1023| o.009 0.723. 12 1way| 0.y .1y
3 235 o.ehy o.056 3 235 0470 0.000%®
20 2b5| o.obz 0.370 20 65|  o.043 o526
Retall alg7| aooy| o0a11 m wa| o0 o707 Retail 2Bg7| o.005| 0.423 m ol oo FErT
] 1684 | o.008 0.354 ] 8B4 owoo2|  ogen

Table 7 - ANOVA for times chatted VS Connectivity and Distance to circulation. Significant effects in yellow, *
significant at the 0.05 level, ** significant at the 0.01 level.

As previously, tables 5-7 also provide an overview of each case examined with the same
methodology. While most cases yielded insignificant results or low effects, three individual
cases stand out: IDs 7, g and 3. The first two display a p-value below 0.01 and effects of around
R2=0.13 when comparing connectivity in relation to the number of times that person chatted,
while the last shows a slightly larger effect when comparing distance to circulation and times
chatted. Thus, while the effect is small, for the first two cases the amount of visible space did
affect how many times someone chatted, while for case 3, it was proximity to circulation that
played that role.

These results highlight the pitfalls of small-scale analysis. From a set of 23 case studies, some
were found to have significant effects, but overall there appear to be no over-arching patterns
as a whole, when split by industry, or even on a case-by-case analysis.

7. CONCLUSION AND FUTURE DEVELOPMENTS

We examined ‘visiting’ and ‘chatting’ interactions across the whole dataset, but also within
industries and specific cases, and found that local visibility and distance to circulation, on their
own, play no major role in the occurrence of these behaviours. We also examined preference of
eating spaces across the whole dataset and whether this was affected by local visibility and the
average effort to reach each space and found no significant results.

Overall, it is apparent that even with a larger dataset cutting across many companies, buildings
and floors, no strong correlations can be extracted between the various spatial metrics and
human behaviour. There seem to be confounding factors, some of which are identified here,
but also others that will not be visible until deeper examination is performed.

This study pointed to possible confounding factors that could affect the behaviours examined,
but has not managed to take them into account systematically. These factors will be examined
where possible and incorporated into the analysis to provide a more complete picture.
Examples include taking opinions of staff into account for the quality of food at their canteen,
identifying whether other eating options are available by looking at the location of the building,
or by looking at overall team communication as a factor that affects ‘visiting’ and ‘chatting’
interactions.

While the paper at hand is limited in its scope for we only examined two behaviours and three
metrics, there are many more workplace parameters that could be investigated. We expect
that each parameter affects behaviour in different ways, therefore we intend to test more
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metrics against these and more observed behaviours. One such combination to be tested is
the relationship of the visiting behaviour to the global integration of the seat. The hypothesis
in this case would be that integration positively affects visiting behaviour, given that seats that
are easier to reach would invite more people to visit them. The reason this is difficult however,
is that overall integration is subject to the intricacies of layout including the size of the building
and number of floors, which renders this more complicated for cross-case analysis.

To summarise, this analysis has shown that the traditional methods used to identify patterns of
behaviourin workspaces do not necessarily yield significant results when tested across different
workspaces. Existing research has used these methods extensively and provided insights
with all the aforementioned caveats. While in this study we tested not-previously-examined
combinations of metrics, we aim to construct tests in future work that explicitly try to reproduce
the results of previous studies. This process will provide clear and definitive answers to whether
those insights still hold, and whether patterns can be found across cases. The study by Hillier
and Grajewski (1990) will be the first to be examined. It has to be considered though that the
study by Hillier and Grajewski examined working practices of the 1980s and the world of work
has changed considerably, not least with the advent of electronic communication technologies,
the importance of computing and the portability of devices.

Last but not least, we will develop new methodologies in future work. In its current form, only
one single parameter was taken into account, although the problem at hand is extremely
complex. New methods have to be tested that take into account multiple parameters, since it
might be the combination of these parameters that provides a model that can strongly predict
activity. These methods could be multivariate regression, Principal Component Analysis and
perhaps machine learning methods. In the same spirit, biases such as spatial co-linearity that
are inherent to the spatial nature of the dataset will be addressed.
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ABSTRACT

The application of volunteered geographic information has rapidly increased over the past
years. OpenStreetMap (OSM) forms in this context one of the most ambitious and promising
projects, providing consistent global coverage of street network information. With a constantly
growing number of participants and the implementation of governmental and proprietary
based information is a complete coverage of global street networks within reach. The data
allows comparative cross-country analyses and any method developed within its framework
are transferable to other cases. This makes OSM a powerful and desirable data source for
applied network analyses, such as space syntax. However, OSM data does not come without
obstacles. Inconsistent representation of space, topological fragmentation and accuracy are
just some of the problems that one faces when employing OSM data. In fact, without prior
processing and simplification of the network, results differ significantly between case studies.
This paper presents a method for OSM data set simplification as well as the theoretical and
analytical reasoning behind it. The simplification is done by a series of ArcGIS workflows and
algorithms. The outcome of this process is compared to an angular segment analysis (ASA)
of a segment model, an Integrated Transport Network (ITN) Ordnance Survey data model
and an OSM street network data model. The results show that a simplified version of OSM
data is highly comparable to a segmented axial line representation and that such data sets
constitute an appropriate alternative for situations where segment maps are not available, such
as complex, large-scale regional models and cross-country comparisons. The simplification
workflow is transferable to other cases and data sets and helps overcoming common problems
while significantly improving computational time needed in the process.

KEYWORDS
Volunteered Geographic Information, Open Street Map, ArcGIS, Space Syntax, Street Network

1. INTRODUCTION

The aim of this paper is to present a workflow and methodology that allows the use of
OpenStreetMap (OSM) data in space syntax angular segment analysis (ASA). The reasoning
behind employing such data sets is the increasing scale of analytical investigations in the
context of space syntax. This augmentation of scale has become particularly necessary due
to the extensive global growth of cities and their urban hinterland into large complex urban
regions. These urban structures are simply too vast to be mapped manually or generated by
automated algorithms. This has created a situation in which the time and economic feasibility
of traditional as well as algorithmically derived axial line maps needs to be revisited. Previous
research proposed to make use of governmental so-called road-centre line data as an alternative
for a segmented axial line, more commonly referred to as segment maps (SM). However, very
little has been said about the disadvantages of such approaches particularly when global
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comparability is needed, something in which space syntax is believed to be particular strong.
OSM road-centre line data, on the other hand, | will argue, forms not only an appropriate
alternative basis for models in these situations, but it also allows global comparability as well
as being freely accessible on a large scale. Nevertheless, OSM data does not come without
disadvantages either. Particularly concerning excessive information in such data sets, which
makes a simplification prior to any ASA application necessary, caution needs to be exercised.

This paper consists of three parts; the first revisits the foundation of space syntax axial line
models and the sequentially developed analytical method of ASA and its segment map (SM)
model. An emphasis is placed on the model underlying the analysis and the difficulties arising
in the model generation generally and in large-scale applications particularly. In this light,
volunteered geographic information and governmental road-centre line data, such as the
British Integrated Transport Network (ITN) are reviewed as alternatives for SM models. Finally,
advantages as well as disadvantages of OSM data are discussed and the effect of these on ASA
outcomes.

The second part presents the structure and particularities of the previously introduced OSM
data, as well as the difficulties researchers are facing when employing such data in ASA. |
discuss the three main difficulties, which are topological inconsistency, traffic management
components and excessive or redundant nodal information. | propose different GIS strategies
to simplify and remove such redundant information and explain the theoretical reasoning
behind them. The result is a newly derived simplified OSM network model, termed ‘SIMP’.

The third part evaluates the new SIMP model against OSM, ITN and SM models in ASA. | do this,
using descriptive statistics, visual comparisons, as well as a Pearson and Spearman correlation
analysis. The results show an overall high correlation between the four models, confirming
previous findings. The new SIMP model exhibits higher correlations with the SAL model than
both OSM and ITN network models, indicating that a simplified OSM network does not only
form an appropriate alternative but one that presumably incorporates fundamental network
characteristics of SM models.

2. AXIAL MODELS AND ANGULAR SEGMENT ANALYSIS

Axial analysis forms one of the fundamental techniques of space syntax. At the core of an axial
analysis methodology lies the axial line map, a representation of the continuous structure of
open spaces in urban settings. The first axial line model was introduced by Hillier and Hanson
(1984, p- 17) during the early 1980's and defined as a system of fewest and longest intersecting
lines covering all open spaces. These lines are the result of a two-step process where the spatial
system under investigation is first represented through a two-dimensional organisation of
convex spaces. Convex spaces are polygonal representations of continuous open spaces, in
which each part of a space must be visible from every other part. The underlying rule for drawing
a convex space is that each polygon must feature the best ‘area-perimeter ratio’, starting with
the ‘fattest’. In a subsequent second step, this system of convex spaces is covered by a one-
dimensional set of axial lines. Axial lines are linear representations of longest lines of sight and/
or movement. Each convex space must be covered by at least one axial line, while each line
needs to be the ‘longest straight’ line possible (ibid., p.17).

Although Hiller and Hanson describe this process as reproducible and objective, there is
some discussion and ambiguity about the comparability and making of axial maps. Problems
arise for instance with differences in the level of detail or resolution in which convex spaces
are produced, as this impacts the number and distribution of the resulting axial line map.
Problems also arise with the difficulty to arrive at comparable reproducible solution for the
same given urban context. Peponis et al. acknowledge in this regard ‘SpaceBox™, a software
that automated the generative process of convex spaces, but they criticise the mathematical

1 SpaceBoxis asoftware developed by Sheep Dalton (1988) and includes several space syntax related functionalities
one of which being the generation of an all convex space map. The software’s partitioning algorithm extends a
walls surface area collinear until the produced line reaches another wall surface. See Carranza and Koch for more
recent work on convex spaces (2013).
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rigour of its computational algorithms to generate convex spaces (1997, 1998). According
to Peponis et al. neither the initial principle of generating convex spaces based only on an
economic partitioning, nor the extension of surfaces to the next opposite wall is a sufficient
method. Both lead to multiple, conflicting solutions, implying that a more sophisticated set of
rules is necessary. Interestingly, although the methodology of convex spaces is thought of in an
urban context most of the discussions are set in the context of buildings. This might be due to
the time-consuming process of producing convex spaces for entire cities, with the sole purpose
of deriving an axial line map. The scale of the area under investigation and respectively the
time necessary to produce such convex representations is certainly one of the most important
influencing factors.

Moreover, Desyllas and Elspeth argue that not only the production of convex spaces, in general,
is difficult, but that it constitutes a ‘mathematically impossible problem’ to link all maximal
convex spaces with axial lines in an identically repeatable manner (2001, p. 27.6). The core
problem here is that there are several solutions to axial lines that fulfil the criteria of being the
longest as well as covering all convex spaces (Batty and Rana, 2004; Ratti, 2004). As a solution
to this technical and theoretical problem Turner et al. (2005) — building on an initial but not
ideal solution from Peponis et al. (1998) — proposed an automated methodology that produces
a fewest line axial map. The starting point of their method is vector information of open space
boundary polygons. Based on this, a so-called ‘all-line map’ is generated (Penn et al., 1997).
The ‘all-line map’ is a map that features all lines that connect each vertex of boundaries and
buildings with all other visible vertices, i.e. all possible lines of movement. In a following step
Turner et al. employ an algorithm to reduce this ‘all-line map’ to a fewest line axial map. Their
results are reproducible and strikingly similar to the original Hillier and Hanson axial map (2005).

However, his method of the fewest line axial map generation, does not constitute an appropriate
way to produce models for cities and regions. There are two primary factors, which prevent the
application in a citywide and regional context. The first starts with the source of data and its
definition of open space, a problem that the very initial convex space methodology already
inherited. What to include and what to leave out in a graphical representation of the real world
is left to the individual cartographer or researcher and forms core challenges in comparative
cartography and map-making in general. This challenge is of particular importance when
investigating suburban or rural areas. Suburban and rural areas often lack a continuous urban
form and hence a given limitation for movement and visibility. Consequently, the definition of
what can be considered an ‘accessible open space’ becomes vague. A problem that researchers
are also facing in the context of developing countries exists as roads are often not solidified
and boundaries between public and private spaces are less established. In these cases, an
alternative could be to rely on other sources of geographic data of open spaces that follow
precise definitions. Such sources are for example governmental agencies for cartography,
geodesy and planning or volunteered geographic information, both of which have precise
definitions of what and how open spaces are mapped.

Computational time constitutes the second difficulty. With a rising number of mapped open
space polygons and their vertices, the necessary computational time to generate the fewest
line axial map increases as well. Turner et al. give an account of the computational time needed
for their algorithm to compute fewest line axial maps. A model of the small town of Gassin
took 119 seconds to compute and featured 5217 lines in its initially generated all-line map and
38 axial lines in the final result (ibid.). Thus, the computational process for an entire city or
even a region, with far more than one million street segments will take significantly longer>.
While theoretically the algorithm could run for any time needed, in praxis this is limited by the
software design dealing with large data sets. Currently the most commonly used software for
thisis depthmapX. Initial tests using the software on large urban systems generating fewest line
axial maps have consistently produced application crashes. Varoudis et al. state the maximum
number of segments that can be computed by depthmapX as <1.500.000 (2013), resulting in an
axial line map of approximately 15000 lines. This makes an automated generation of axial lines
for a metropolitan or regional system at the time not possible.

2 The total number of axial lines in cities with a population of 300,000 can range between 10,000 and 15,000.
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2.1 ROAD-CENTRE LINES AS ALTERNATIVE FOR SEGMENT MAPS

Initially, the focus of axial line maps was to have atool thatallowed understanding complexurban
systems in a simplified comparable manner. Over time the primary use of this morphological
descriptive tool was to be found in investigations into the deep relation between human
behaviour and space. From the development of the methodology, throughout the last 30 years,
researcher have consistently found correspondence between the topological relationships of
spatial systems and pedestrian movement (Hillier et al., 1993; Penn et al., 1998; Desyllas and
Elspeth, 2001; Hillier and lida, 2005) as well as vehicular movement activities (ibid.; Turner,
2005; Law and Versluis, 2015; Serra, Hillier and Karimi, 2015) and even global transportation
networks (Hanna, Serras and Varoudis, 2013). This is particularly the case since the introduction
of ASA in space syntax as an extension of axial analysis (Turner, 2001). The emphasis thus shifted
from a theory and tool to analyse spatial configurations to one of predicting the potential of
human behaviour in the form of movement and flows. Four studies focus on alternatives that
constitute possible models for an analysis of movement and flows in the build environment:
The pioneering work by Thomson (2003), Dalton et al. (2003), Turner (2005, 2007) and following
up on these studies most recently the work by Dhanani et al. (2012). All authors investigate the
possible application of different types of so called road-centre line data. The reasoning is that
their approach relies on replacing a segment map, which is used in angular segment analysis
rather than the in traditional axial line model the SM is based on. This study will follow the path
taken by the above named researchers and base the comparison on a segmented axial line
model, rather than emulating an axial line model, which inevitably will later be segmented in
order to perform ASA.

Road-centre lines ideally represent the geographic centre of the public rights of way network,
a transportation network of all paths on which the public have a legally protected right to pass
and re-pass. These transportation networks are based on vector line information and can be
generated through a variety of GIS methods such as automated processes of on ground collected
GPS data, generative processes based on cadaster boundary data or manual tracing of roads on
aerial photographs. In a subsequent step, additional information can then be attributed to this
line information such as road names, road type, travel direction, road geometry information as
well as a large variety of other possible attributes.

This makes road-centre line maps a powerful tool for a variety of GIS based applications. The
ones applied the most are transportation modelling and navigation routing. Road-centre line
data was first provided by local governments, such as the TIGER3 data set by the United States
Census Bureau or the ITN“ by the British Ordnance Survey, as well as commercial companies,
suchasthe DutchCompanyTeleAtlass orAmerican-based Company Navteq.® The latter provides
mainly line-based data for navigational systems. With the rise of the Internet and Web2.07,
publicly accessible road centre-line information became largely available through different
sources. The most predominant sources are Google maps and Bing maps, both available under
restricted license for non-commercial usage. In contrast to governmental and proprietary
based information with restricted license stands volunteered geographic information (VGI).
VGI describes all geographic data, which is created, assembled and disseminated voluntarily
by individuals (Goodchild, 2007). Open source VGI projects such as OpenStreetMap (OSM) and
MapQuest are available under a GUP license and hence freely accessible to anybody. Due to the
increasing number of online participants all over the world these projects are on the rise and
establish a commercially as well as academically meaningful alternative.

3 TIGER is an acronym for Topographically Integrated Geographic Encoding and Referencing and an American
based format used by the United States Census Bureau to describe land attributes such as roads, buildings,
rivers, and lakes, as well as areas such as census tracts. The TIGER format forms a base for the US part of the
OpenStreetMap project.

4 The Integrated Transport Network, is part of the OS MasterMap and a format provided by the United Kingdom

governmental Ordnance Survey.

TeleAtlas is since 2008 wholly owned by navigation system company TomTom.

Navteq is since 2011 fully merged into NOKIA.

7 Web 2.0, is a term describing the state of the Internet as a collaboration focused information platform, where
the user produces content. The term is set against Web 1.0, where content was provided as ,ready-to-use’ and no
interaction with the user was aimed (O'Reilly, 2005).

[e2N ¥,
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In the context of space syntax analysis 2003, Thomson (2003) pioneered when proposing to
make use of street networks. His study focuses on theoretical and technical problems based
on the model construction rather than an investigation on how different models effects the
analysis. In the study, he highlights possibilities of generalizing road networks. Simultaneously
Dalton et al. propose to make use of TIGER data and present initial results of their analytical
work (2003). TIGER is a data format only used in the United States providing road-centre line
information among other geo-referenced spatial data. Dalton conducts a fractal analysis and
compares a TIGER dataset with a traditional hand-drawn axial map of Downtown Atlanta, US.
He highlights differences in the results of both models and concludes that the result is caused
by the very different representation of space. While a long linear avenue with adjacent side
streets is represented by one long axial line in a traditional axial line map in the TIGER dataset
road centre-lines are segmented by nature and have a node at each intersection (this is the
case for any road centre-line map). Any topological investigation would thus lead to a highly
skewed outcome. Moreover, Dalton raises the theoretical problem of radii, emphasising the
need for a ‘relativisation’ due to the differences within each system (ibid., p.9). While Dalton
did not propose a solution to the problem his argumentation led to a series of investigations by
Alasdair Turner.

In his study from 2005 Turner presents a methodology that overcomes this problem of
segmentation and ‘relativisation’ by drawing on advantages of space syntax applying ASA to
road centre-line maps in combination with a segment length weighted algorithm. The results
of his 2005 and 2007 study indicate that metric radii in combination with weighted choice
measures present not only a suitable alternative to SM models but, in fact, generate better
correlations with flow data in the tested case studies. Turner emphasises that his measure holds
configurational information while incorporating plausible cognitive and physical constraints
(2007, p. 553). Turner’s findings are reasonable since road centre-line maps are fundamental
representations of the accessible — rights of way — movement network and incorporate more
detailed angular information than axial line models.

Dhanani et al. (2012) follow Turner’s findings and conduct a comparative study of an axial line
model and two different types of road centre-line based models. As mentioned previously,
there are different sources for road centre-line maps. Dhanani et al. studies’ focus on two
very particular networks: the governmental ITN data set and the OSM VGI data. Their studies
aim to understand whether a VGl-based data set constitutes a reliable alternative compared
to governmental data sets in the light of space syntax analysis. Beside of Dalton’s (2003) and
Turner’s (2005, 2007, 2009) work, there are no other comprehensive studies where space
syntax measures are applied to governmental road centre-line data sets correlating results
with empirical data. This is surprising as both of the studies rely either on the American TIGER
data or the British Ordnance Survey data sets. The difficulty here is that governmental road
centre-line maps are presented as a reliable and coherent source of data, yet, this is only true
for information within one data set ® and very little is being said about their comparability in an
international context.

Differences occur between governmental data sets not only on an international level but also
within countries. The British Ordnance Survey for example provides three different road centre-
line data products: the OS MasterMap layer Integrated Transport Network (ITN) layer, the OS
Open Roads layer and the Merdian 2 layer. All these data sets provide comprehensive road
network information and are designed for routing and road network analysis, yet, their level
of precision and coverage differs.> This means that the total amount of nodes and coverage of
real world details such as roundabouts are not the same throughout the three data sets. More
importantly such data setsare notavailable in every country. Germany, Italy and France—toname
only some—do not provide freely accessible data sets. This is why, the question of comparability
needs to be answered and investigated for each country individually and alternative sources

8 It shall be noted that errors do occur in governmental data sets as well, but they usually follow a random
distribution.

9 See http://digimap.edina.ac.uk/webhelp/os/osdigimaphelp.htm#data_information/os_products/os_open_map_
local.htm for further information on the data sets and examples of their application.
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need to be found. The lack of comparable data makes it difficult for international comparative
approaches making use of such data sets, particularly in the context of space syntax.

2.2 ADVANTAGES AND DISADVANTAGES OF OSM DATA

In the light of this lack of comparable data, OSM data becomes more interesting as an
appropriate alternative to a segment map representation, which, in theory, provides a
comparable representation of space all over the world. OSM data is produced according to
a guideline indicating the level of precision and the handling of particular situations such as
divided highways, roundabouts, intersections or bridges (OpenStreetMap Wiki contributors,
2016). This makes the data, in theory, globally comparable. However, differences in terms
of data quality arise due to the nature of its production and its contributors’ heterogeneous
understanding of street networks.

Understanding such differences in quality is a non-trivial task in the realm of OSM data. There
is a set of ISO standardized quality measures to assess the quality of map-based VGI (OSM)
data. These measures are of particular interest for routing and navigation application, namely
positional accuracy and topological consistency (Senaratne et al., 2016, p. 6) and thus for a
space syntax application. Positional accuracy is a quantifiable value reflecting the difference
between a mapped location and its real world location while topological consistency measures
how well topological relations (‘disjoin’, ‘meet’, ‘overlap’ or ‘equal’) are mapped. A simple
example for low positional accuracy would be a mapped intersection, of which the GIS location
is 20 meter further in the North than in reality. An example for bad topological consistency of
an intersection would be the case, in which two streets, which in reality are connected and
should share a common node, would not do so in GIS. To evaluate the two mentioned quality
measures it is necessary to compare the data set under investigation with the real world. This
is usually done by comparing the VGI data with ground-truth data. Ground-truth means data
that represents the respective exact location in reality. This is a theoretical value, rather than
an actually achievable goal for most GIS data sets. GPS systems feature on average a positional
accuracy of 6-10 metres to ground-truth. The ordnance survey MasterMap ITN data states its
positional accuracy with 1 metre in urban and 6 metres in rural areas against ground-truth.

Throughout the past decade, several authors have conducted comparisons of volunteered
geographic information with governmental as well as commercially produced geographic
information (Flanagin and Metzger, 2008; Neis et al., 2010; Zielstra and Zipf, 2010; Ludwig,
Voss and Krause-Traudes, 2011)* to measure their quality. In the context of road centre-line
information the work by Mordechai Haklay was one of the first to evaluate the quality of OSM
data (2010). Haklay used the British OS Merdian 2 road network as control measure to test
OSM data quality, his findings indicated highest mapping qualities in urban and affluent areas
and the lowest coverage in rural and poorer areas while positional accuracy ranges from over
70% to occasionally drop down to 20% (ibid., p.700). Overall OSM data covered 29% of England
based on a network from March 2008. In a subsequent study conducted in October 2009 this
percentage was already corrected to 65% of coverage (Haklay, 2009). This indicates a growth
of the network coverage by 36% within one year. Another study by Neis et al. (2011) dealing
with the case of Germany, compared the OSM network against the proprietary data set of
TomTom (formerly TeleAtlas) and estimated a complete coverage of the German OSM data by
the year of 2012. Moreover, already in 2011 the OSM data exceeded the topological consistency
and completeness of the TomTom network by 27% including pedestrian path ways (ibid.).
The continuous growth and its pace of the OSM data set, does not only make a coverage and
quality assessment difficult, but indicates that it is only a matter of time that full topological
consistency will be reached. The number of total users in the OSM community as well as their
nodal contribution to the network shows a growth of the total user number to 2,9 million since
the start of the project 2004 and gives insights in the pace of this process.

10 See Sehra et al. (2013) and Senaratne et al. (2016) for a comprehensive review of studies dealing with quality
assessment of VGI data.

EMPLOYING VOLUNTEERED GEOGRAPHICINFORMATION IN SPACE SYNTAX ANALYSIS ‘| 50 6



SSS
LISBON

Proceedings of the 112™ Space Syntax Symposium

Figure 1 - Visualizing road updates. All roads shaded by how recently they have been updated by users.
Older imports are in green and blue, while cities with strong and active communities and the effect of
recent automated editing makes areas glow red. (2013) Source: https://www.mapbox.com/osm-data-report/
(retrieved on 1 August 2016)

Hakleyetal. (2010, p. 11) investigate how many volunteers are needed to map an area thoroughly
concluding that areas mapped by more than 15 contributors per square kilometre feature a very
good positional accuracy of below 6 metres for resulting VGI data. In regard of the growing
numbers of contributors this leaves us to expect an equal rise in topographic consistency and
positional accuracy. An additional positive effect to the coverage of areas, beside the growing
number of contributors, is the fact that governmental agencies increasingly provide their
data for public usage. Likewise, are the American TIGER network as well as the AND Dutch
road network fully implemented in the OSM network, aiding not only to the coverage but
positional accuracy of the OSM data set. A visualised snapshot of the data and its topicality
reveals updating intervals, as well as showing that Great Britain and Germany are part of the
best-mapped countries of the OSM project (Figure 1). All of the above studies use ground-
truth data for the evaluation of VGI quality. Still, such data is not available in every country and
more difficulties for the assessment of VGI data arise due to the lack of ground-truth data for
comparison (Senaratne et al., 2016, p. 6). To overcome this lack of ground-truth data, Kel3ler
and de Groot (2013) propose a method to indicate quality of VGI via trust assessment models.
Their approach is based on a trust assessment model of the independent contributions in an
OSM data set. Albeit presenting promising results, the methodology is at an early stage of
development and does not propose an applicable method for the field. At the present stage,
this leaves the research with as-good-as complete network for some countries with reasonably
accurate precision, but a manual control of the entire data set by the researcher stays a
necessity. With regard to future research the OSM will very likely constitute the most coherent
freely available data set.

Dhanani et al. (2012, p. 30), assess the usage of OSM in space syntax to be problematic and
describe the data as lacking ‘of consistency [,...] accuracy and coverage’. Their study calls on
researchertorely ongovernmental datasuchastheBritishOS MasterMap ITN, yet, asmentioned
earlier, as data is not accessible in every country and level of detail differs throughout different
data sets, this approach remains unsatisfactory: The OS MasterMap ITN network covers only
the vehicular network disregarding any path or street that is only accessible to pedestrians.
The resulting vehicular centred spatial representation can therefore only be used to evaluate
vehicular structures. Space syntax segment map representation on the other hand sees space
through the eye of an individual moving in space and constitutes a sharp contrast to a vehicular
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only street network. There are also other difficulties within the ITN data set that render an ad
hoc use impossible. Dhanani et al. note that the ITN network comprises all traffic management
features including traffic islands, artificial cul-de-sacs or roundabouts (ibid., p.6). According
to the authors, using such data creates a ‘disjoint and fragmented network’ particularly if a
researcher is interested in other modes than a purely vehicular estimation. The usage of such
data is not recommendable without any prior processing. Prior processing is also necessary for
OSM data making it indispensable to develop a strategy to overcome said inconsistency and
arrive at a comparable network for any given case.

3. OSM DATA STRUCTURES AND GIS SIMPLIFICATION PROCESSES

The following section gives an overview of the necessary components to create a road network
based on OpenStreetMap data and the necessary steps of post processes to allow an application
in space syntax ASA.

At present, OSM data sets are divided into four different elements: nodes, lines, surfaces
and relations. For an ASA only line information is necessary, but not all of the available line
information and categories are useful. The OSM wiki provides extensive accounts on all different
key categories and their morphology (OpenStreetMap Wiki contributors, 2017), it is important
for each researcher working with OSM data to make him/herself familiar with all categories and
morphologies. Decisions about which category to exclude might differ for example in cities in
developing countries. The following steps should to be considered as a general guidance: For
the purpose of network analysis only components with the key highway=* shall be used. This
key defines any kind of road, street or path and their respective importance in the network
hierarchy (from the most important ‘motorway’ to the least ‘service’) and, thus, gives a good
account of the rights of way network. The following list assess which are recommendable to be
included in a network for an application in ASA: highway=motorway; trunk; primary; secondary;
tertiary; unclassified; residential; motorway_link; trunk_link; primary_link; secondary_link;
tertiary_link; living_street; pedestrian (ibid.). Particular care needs to be taken with the key
pedestrian as it includes pseudo polyline information of squares and these need to be cleaned
and subsequently broken into individual segments. Other sub keys such as highway=service;
path or bridleways can be included but are not recommended, as they are of very small scale
and might otherwise be eradicated in a subsequent simplification process.

With a view to this selected data there are three main difficulties that occur when applied in a
space syntax context.

1. Topological inconsistency occurs if street segments are supposed to share a connecting
node but due to positional inaccuracy fail to do so. This is often the case at intersections
of different contributors. Even a small gap between two nodal ends of 1 cm can create
a network fragmentation. It is, therefore, necessary to process and clean the data from
these inconsistencies.

2. Traffic management components are network details that are necessary for vehicular
traffic management but have no immediate impact on cognitive route decision-making.
Such details are for example roundabouts, small traffic islands or motorway trunks.
Ideally roundabouts are simplified into simple intersections whereas meandering trunk
links are represented by single links. Moreover, this is also the case with regard to dual
line representations. Space syntax analysis is a non-directional approach in the sense that
the possible travel directions are not taken into consideration and each space is treated
as equally accessible. A dual line representation constitutes only a reasonable option if
directions are taken into consideration. Hence, the model needs to be cleaned from said
dual line representations.

3. Redundant or excessive nodal information are often problematic when using OSM data.
Although the OSM guide notes that nodes should be used in an economic manner,
contributors often have different interpretations of what ‘economic’ means. This is
particularly the case for curved roads, but also occurs on straight lines. Ideally each street
is simplified to its fundamental segment.
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In order to overcome these difficulties a series of GIS algorithms have been developed. The
following proposed solutions are employing the GIS software ArcGIS Desktop 10.2 from
Esri. | employ ArcGIS because it is the only software that provides solutions for all three said
difficulties. At present, only a few of the solutions presented here can be achieved with open
source GIS software packages. Due to the scope of this paper only a brief description of the
applied core functionalities will be given. Figure 2 shows a workflow diagram for the proposed
solutions, while Figure 3 gives an illustration of each obstacle and its favoured solution after the
application of the simplification method presented here.

1 Topolagical
Inconsistency

Lo M dada
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—
e M‘-'"'l;;:;
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2a Dual Line
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Saw ol B o o mmapant
e rﬂ-lsm dwtl 0.3, 1075 Moy
pcaa: 'or aach
3 Line hisraechy
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Figure 2 - Workflow of ArcGIS tools and algorithms to solve: 1. topological inconsistency; 2a. dual line re-
moval; 2b. road detail removal and 3. line simplification.
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1 Topological Inconsistency before after
B
2a Dual Line Removal before after
S
2b Road Detall Removal before after
3 Line Simplification before after
-

Figure 3 - Illustration of each difficulty found in OSM data: 1. topological inconsistency; 2a.
dual line removal; 2b. road detail removal and 3. line simplification as well as the condition
after application of the simplification method.

1. Starting with the approach of solving topological inconsistency (Figure 2:1), it should
be mentioned that a lack of network information, such as entire missing streets cannot
be solved through automated processing and that the OSM data needs to be carefully
checked by the research prior to any post-production. More so, this is a strategy to
overcome small inconsistencies that are difficult to identify manually. The proposed
process reconnects topological inconsistencies by a given tolerance distance and in
a subsequent step merge segments that can be considered as independent streets
(from intersection to intersection) together. This will leave the researcher with a street
network of real segments and consistent topological information. The two core ArcGIS
functionalities the workflow is based on are ‘integrate’and ‘unsplit'.
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The integrate tool is applied to extracted nodal information, rather than the actual
line information, to overcome misalignment at intersections. Integrate maintains the
integrity of shared nodal feature information by making features coincident if they fall
within the specified x, y tolerance. Features that are considered identical or coincident
are merged. In a subsequent step the newly generated nodal point information is used as
a basis for a snap command of the initial street network. This will consequently connect
lines, which feature topological inconsistencies, at a new point based on the location of
their nodal line ends.

The unsplit tool is then applied to the now topological consistent line network. The aim
is here to aggregate single part line features into multipart features in order to arrive
with continuous street segments. Unsplit merges lines that have coincident endpoints.
This can be done by relying on any given attribute information or, as in this case, solely
by geometric relationships. Merged lines are of particular importance with regards to
further simplification processes.

2. The next difficulty is the existence of traffic management details and dual line
representations in the data sets (Figure 2:2a & 2b). Not only do such details (roundabouts,
traffic islands, etc.) create differences in angular movement, while the general journey
direction staysthe same, but moreimportantly they increase the total number of journeys
(dual line highways) and skew analytical results towards an emphasis of such details.
Especially in the light of none directed centrality analysis dual lines make little sense. This
could be negligible if traffic management details were normally distributed throughout
the street network. However, this is, not the case with most examples and particularly
not with inter-city and regional scales. There are four main ArcGIS components, 'merge
divided roads’, ‘collapse dual lines’, ‘collapse road details’ and ‘integrate’ that help to
remove such dual lines and reduce low-level street network complexity.

The merge divided roads is an algorithm that merges road segments, which are parallel
along a significant distance into a single centre line. The merging process is based on
common attributes that can be computed on the basis of the initial highway keys. It is
fundamental that the merge field parameters are established properly to avoid conflicts
during the process. The divided roads algorithm can be applied to entire data sets and
maintains topological relations with adjacent streets.

The collapse dual lines to road centerline is an algorithm designed to derive with centre
lines from a base of street perimeters. It is, therefore, a less sophisticated form of
simplification and it is not recommended to perform the algorithm on large datasets
including multiple-lane highways with interchanges, ramps, overpasses and underpasses.
In individual cases where the merge divided roads tool does not arrive with satisfactory
results, the collapse dual line to road centerline tool can form a useful alternative.

The collapse road detail, onthe other hand is an algorithm that depicts small road segment
details and open configurations that interrupt the general trend of a road network and
collapses or replaces them with a simplified feature. The collapse distance on which the
tool performs is defined by the maximum size of the largest road detail and can differ for
each model. If the collapse road detail tool does not solve or remove some of the details
the integrate tool explained earlier constitutes an appropriate alternative. Particular care
needs to be taken when using integrate on road details as it can impact the topological
consistency of the data and should hence not be performed on entire data sets but single
cases.

3. Line simplification is usually applied when segment records feature far more data than
necessary for computer analysis or visual representations (Figure 2:3). In the case of
space syntax and the use of VGI street networks this poses a conceptual question aside
of excessive data. While road-centre lines depict the centre of the road an axial line
(as base for a segment map line) is based on the longest line of sight. A generic street
usually features a much larger field of vision than that of a single line. While axial lines
fundamentally connect convex spaces these lines naturally pervade more than one space
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at once. Road-centre lines on the other hand simply represent the centre of the road
and, therefore, feature excessive angular information that does not impact the field of
vision or accessibility and, thus, has no effect on the actual movement in space. This is
why, a removal of such road details should be based on the field of vision of each street,
i.e. the street width. Since road-centre lines give a precise account of the centre of each
street segment a simplification process should allow the newly generated feature to
deviate to at least the extent of the field of vision. Such processes can be performed by
the Douglas-Peuker Algorithm (DPA) (1973). The DPA is broadly considered to deliver the
best perceptual representations of the original segment and generates new segments
based on a deviation tolerance. In ArcGIS this can be done by applying the simplify line
tool.

The simplify line tool reduces and removes redundant nodes of line features. Among
others, when applied with the POINT_REMOVAL functionality it employs the DPA. The
aim of the algorithm is to extract the essential segment form based on a previously
selected off set tolerance. The strength of the algorithm is its reproducibility and process
speed, and that it arrives at the same solution to the same given problem.

If the above steps of the methodology are followed the simplified version of a road-
centre line map (SIMP) looks visually as well as topologically much closer to an axial line
representation.

4. MODEL EVALUATION METHODOLOGY

Inordertotestif the theoretically laid out version of a simplified OSM network (SIMP) constitutes
a comparable alternative to a segmented axial line map and is, thus, suitable for the purpose
of analysis of different scales and very large ones in particular the model will be analysed and
correlated with results from an ASA of a segment map, ITN and OSM model. The comparison
extends and the builds on methodologies by Eisenberg (2007), Turner (2007) and Dhanani et al.
(2012).

Eisenberg (2007, p. 5) focused on comparison of different axial line models for the same cities.
The different models that Eisenberg compares are developed as a by-product of variations
in analytical scales (pedestrian, bicycle and vehicular) and variations in the detail of the base
information used for the production of the axial line maps. Eisenberg highlights that three
indicators are of interest for a comparison. First, the impact of base map scales; Second,
different levels of detail; And, third, different city morphologies (ibid., p.5). All aspects are
directly transferable to the different network models previously introduced. Eisenberg’s
findings suggest that the analysis should focus on ‘rank correlation measures’ in order to have
a meaningful comparison (ibid., p.8). Eisenberg’s ‘rank correlation measures’, are applicable
to every kind of network representation. This measure simply compares values and their
respective rank within the data set. With Eisenberg’s measure an appropriate method for the
aimed analysis is established where numbers of lines differ significantly and the resulting values
do not form a comparable unit.

In addition to ‘rank correlation’ this comparison will draw on the methodology of Turner (2007).
Turner proposed an angular based analysis in combination with segment length-weighting and
the introduction of a metric length based radius. While an angular based analysis incorporates
the cognitive dimension of route choices, the reasoning behind a segment length-weighting is
to overcome the large differences in segment numbers between the different representations
(ibid., p.541). Turner shows how his propositions are an advancement for space syntax analysis
in general and in the context of road-centre line networks in particular.

Finally the above proposed methods will be merged with a methodology by Dhanani et al.
(2012). Dhanani et al. conducted a comparison of road-centre line networks against axial line
models using a general description of the network characteristics followed by a topological
and metric step depth analysis from the most central segment. Although the outcome of the
topological step depth showed interesting results the application of topology on a road-centre
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line network remains inappropriate as road-centre lines topological information is highly
skewed by its nodal information. The measure of topology in space syntax analysis is based
on the cognitive and visual space in the sense that what is considered as one space in space
syntax would result in several spaces in a road-centre line network. The analysis will only draw
on the measure of metric step depth (MSD) for comparisons as MSD is not affected by nodal
information.

In summary, the following comparison is based on four different road network models of the
centre of the city of Leeds. The city of Leeds was selected because it features a variety of different
network details such as motorways, traffic management details as well as local paths. The road
network models are: the Ordnance Survey ITN network, the OSM network, a simplified version
of the OSM (SIMP) and a segmented axial line model (SM). The ITN network and the OSM
data are not simplified but instead used as they are provided by the organisations. Moreover,
the ITN and OSM networks where controlled on topological consistence, yet, no irregularities
were found. Some network categories, as those mentioned in the OSM data sections, have
been removed from the OSM data set while traffic management details remained unchanged.
The four models are compared in regard to their network characteristics and analysed on
14 different radii from 100 up to the entire system n** using angular segment analysis with
segment length weighting. The models are analysed on closeness and betweenness centrality.
The resulting structures of three exemplary scales are visually compared. Then, subsequent
correlations are conducted using ‘rank correlation measures’. To facilitate comparisons mean
values of coincident segments of the ITN, OSM and SIMP with the SM model are plotted on
each respective SM segment.

4.1 RESULTS

1 Network details
for ITH, 0SM, SM & SIMP maodel

1a Hetwork delall ITH modal 18 Metwedk datall BSM modal

1¢ Hatwoik delall SM modael 14 Melwedk datall SIMP modol

Figure 4 - Detailed section of different network models of ITN, OSM, SIMP and SM.

11 The applied scales are: 100, 150, 200, 300, 500, 800, 1300, 1800, 2500, 3200, 4100, 5000, 6200 and n.
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Figure 4 shows a small section of each of the modelled areas. The section of the ITN network
shows traffic islands as well as road interruptions. Some roads have significant angular turns
just before their connection with the adjacent road. This is because for traffic management
purposes rectangularity is preferred. In the light of angular segment analysis, Dhanani et al.
(ibid., p.10) consider this preference an important aspect and the most detailed and ‘optimal’
account of the street network. The aerial photo of the area (Figure 4) shows that at this point a
straight connection is a more reasonable account of the real world situation. Additionally, at the
lower right there is a road divergence into two separate lanes. A noteworthy detail is also that
roads, which could be considered as intersecting in reality do not share a common node in the
road network, due to a 5-10 metre distance of their road-centre.

Statistics ITN OSM Axial SIMP
Segments 15049 9308 5072 3908

Total length (m) 283410 276388 240534 238848
Computation time (min) 14.31 4.49 1.21 0.44

Table 1 - Network characteristics for each model.

Table 1 highlights the network characteristics for the four models and how they differ
numerically. The ITN network features the longest total network length with 283410 metres. This
is particularly due to the several roundabouts and traffic management details within the model.
The comparison of traffic management details with the length of the ITN and OSM networks
enables a rough account of the effect on the length of the network. This account does not come
to its fullest as the OSM network features streets and connections that are not represented in
the ITN. The several multi line motorway roads, which are represented by a single segmentin a
segmented axial line and SIMP model cause a large difference of 40km of the ITN and OSM data
in comparison to the segmented axial model. Comparing all networks, the difference in number
of segments is striking. The ITN model has three times more segments than the segment map
representation. This difference is due to the curved roads and roundabouts, which feature large
numbers of segments in order to give precise accounts on the length of the lines. While this
exemplifies the detailed account on angular changes in road centre-line networks, it also shows
the inherent problem this data has when it comes to space syntax analysis. The computational
time is O(n2) to the number of segments. Generally speaking, the ITN and OSM are similar
in their measures and the difference in number of segments is as expected. With regard to
the segmented axial line and SIMP model the question is whether the SIMP model, with 33%
less segments, does also stores less information. The number differences can be explained
by the ‘cleaning’ of intersecting spaces: Whenever three segments intersect with each other
segmented axial line models tend to create clusters of very short segments. Additionally, when
the axial line model is converted to a segmented axial line, stubs that fall over 40% of the line
length are not removed and might also contribute to this difference. The SIMP model features
almost the same length as the segmented axial line model pointing towards a similar degree of
spatial representation.
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1 Histogram of segment length distribution
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Figure 5 - Histogram of segment length distribution of each of the four models.

These observations become more apparent with a look at the histograms for segment length
distribution for each m odel type. While the ITN network exhibits an even increase of segment
length with declining frequency, the OSM shows an initial increase indicating fewer stubs and
curve segmentation than the ITN. Moreover, the short line cluster effect of the SM model
becomes visible with almost thousand segments in the range of approximately 1-10 metres.
Contrarily, the SIMP model has a steep increase of frequency with a peak at a mid range of
approximately 30 metres indicating less of a short line information. The simplification range
used during the simplification process has an influence on this peak.

Dhanani et al.’s (ibid., p.25) study shows that differences between road centre-line network and
axial line models are consistent in their appearance and concludes that the different models do
not form a fundamentally different structure of the spatial configuration. In the next step | will
compare the new SIMP model with this assumption. Figure 6 shows the number of segments
for nine different radii where the maximum is 2,5km as this is the distance at which the entire
system was captured (in other words n). For the four models, the total number of segments
reached per metric distance increases in relation to the total number of segments. The semi-log
plot highlights these similarities and differences, especially at lower scales. The SM and SIMP
model, exhibit a similar development, while the OSM and ITN, which were initially similar,
disperse towards growing metric distances and due to the increase of network details. Unlike
the values for the central segment the curve for the edge segment shows a slightly uneven
development. This becomes clearer in the semi-log plot of the data. Here, particularly the
development around the scale of 500 metres unveils that there are underlying differences in
the complexity of the models that might have an effect on the analysis.
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Figure 6 - 1a: Number of segments for different metric step depth from the most central segment for ITN,
OSM, SM and SIMP models. 1b: Semi-log plot of the same data set. 1.c: Number of segments for different
metric step depth from an edge segment for ITN, OSM, SM and SIMP models. 1d: Semi-log plot of the same
data set.

In order to arrive at a better and more detailed account of the impact of differences in the
network morphologies, | conduct a comparison of betweenness and closeness centralities
using a segment angular analysis with segment length weighting. The models are analysed on
14 different radii. The applied scales are; 100, 150, 200, 300, 500, 800, 1300, 1800, 2500, 3200,
4100, 5000, 6100 and n. Two of these scales, 800 and n, are visualised in order to understand the
geographic distribution of differences. Figure 7 shows the results for betweenness centrality.
Figure 8 shows the results for closeness centrality. The values of each figure are broken down
using a quantile division. This is done to overcome significant outliers in the data sets that make
a natural break highly skewed and the resulting maps illegible. These circumstances make
it necessary to process the data in a GIS programme rather than applying the implemented
symbologies of depthmapX.
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Figure 7 - ITN, OSM, SIMP, and SM models analysed on ASA SLW betweenness centrality on radius metric 8oo
(2) and radius n (2).
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The results show that all models exhibit comparable patterns on all of the two visualised scales
and both measures of betweenness and closeness centrality. This confirms the initial findings of
Dhanani et al. (2012). However, similarities in the results were much stronger between the OSM
network and the SM than they were between ITN and SM. Nominal segment differences appear
to have a higher impact on betweenness centrality than on closeness centrality. Models with
large numbers of short segments and high degree of precision, such as the ITN network, are,
thus, more likely to be affected by outliers and unexpected clusters, than models with fewer
short segments. Moreover, the ITN network shows high values on all scales in the motorway
network. The SIMP model showed patterns that were visually stronger related to the SM model
than to the ITN or OSM and more similar to the OSM compared with the ITN. This is rather
unexpected as SM models are thought to be intrinsically different.

After getting an understanding of differences and similarities in the geographical distribution
of the data between the different models and the SIMP model in particular a final analysis of the
statistical extent of these observations is conducted. This will give an account of how models
behave in comparison to each other across all scales. As elaborated before, the analysis draws
on Eisenberg’s proposed ‘rank correlation measure’. To give a more detailed account, differently
to Eisenberg, this analysis will compare all segments that are intersecting rather than only 10%
of highest values proposed by Eisenberg (2007). This is done by plotting mean values of the ITN,
OSM and SIMP on the SM model. The SM model is used as a base and comparisons are only
conducted with streets whose middle point falls into a 10-metre distance of a SM segment.
These middle points are then snapped to the closest segment and plotted on the SM model.
If more than one street segment of an ITN, OSM or SIMP model falls into this category, their
mean is calculated and plotted on the SM model instead.

Eisenberg’s rank correlation is based on Spearman’s Rank correlation (ibid.). Spearman’s Rank
correlation coefficient is generally used to identify and test the strength of a relationship
between two sets of data. It tests if the relationship of both variables can be described by a
monotonic function. Ideally, the SIMP model could predict the segmented axial line model by
such monotonic function. In addition to this, a Pearson correlation will be conducted. Rather
than correlating the different ranks of each variable, a Pearson correlation works with the
actual values of the variables and measures their linear correlation. Both correlations provide a
coefficient R2 indicating how related the variables are with each other. A coefficient of 1indicates
that the two models are identical. Any value below 1 describes the degree of difference. One
can hence compare the differences between all models statistically and provide a correlation
coefficient to describe the fitness of the SIMP model for the purpose of space syntax ASA. The
analysis is based on 14 different scales for both space syntax measures of betweenness and
closeness centrality. Figure 9 and Figure 10, show Pearson and Spearman correlations of ITN,
OSM and SIMP compared with the segmented axial model and, subsequently, the same for all
models correlated against the SIMP model.

Starting with Figure g the findings from the initial visual description becomes also statistically
apparent. A first observation is that the Spearman rank correlation provides more consistent
results across scales and measures with weaker differences and higher scores. The Pearson
correlation on the other hand shows much stronger differences in the four data sets but features
a significant outlier on the scale of 100 metres for closeness centrality. In regard to the single
models the ITN model shows lower correlations across both Pearson and Spearman measures
and on both betweenness and closeness centrality. Particularly interesting is the significant
drop towards higher radii, with a lowest correlation of 0,56 on Pearson for betweenness and
closeness. This increases at the Spearman’s rank, however, the general tendency towards
lower correlation at higher radii persist. In terms of the visual observations made earlier this
is caused by traffic details and the strong representation of motorway features. The OSM and
SIMP model on the other hand show very comparable correlation developments. An exception
of this is the Persons correlation for betweenness centrality of the OSM model where similar
to the ITN a sudden drop at higher radii is visible. The SIMP model correlates stronger across
all measures with the highest scores of 0,983 for Spearman correlations of closeness centrality
metric 1300 and 0,919 for betweenness centrality. Contrary to OSM and ITN the correlations for
SIMP are very consistent.
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Figure g9 - 1: R2 of a Pearson correlation for ASA segment length weighted betweenness centralities
(1a) and closeness centrality (1b) for 14 different metric radii (from 100 metres to n) for the three
different network models SIMP, OSM and ITN against the SM model. 2: R2 of a Spearman correlation
for ASA segment length weighted betweenness centralities (2a) and closeness centrality (2b) for 14
different metric radii (from 100 metres to n) for the three different network models SIMP, OSM and
ITN against the SM model (left). Correlation is significant at the 0.01 level (2-tailed), N=3172.

Figure 10 shows the Pearson and Spearman correlations for 14 different scales and closeness
and betweenness centralities. However, this time ITN, OSM and SM models are compared with
SIMP. The general correlation developments are very similar to the ones we have observed
previously, with a progressive drop of values towards higher radii. Interesting is at this point how
ITN and OSM behave compared to the SIMP model. While the ITN networks shows a slightly
weaker correlation, the OSM correlates much stronger. This was on one hand an expected
result, as the SIMP model is entirely based on the OSM. On the other hand in the light of the
overall comparison it seems as if the simplification process brought the simplified OSM model
much closer to the segmented axial line representation than expected.
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Figure 10 - 3: R2 of a Pearson correlation for segment length weighted betweenness centralities (3a)
and closeness centrality (3b) for 14 different metric radii (from 1200 metres to n) for the three different
network models SM, OSM and ITN against the SIMP model (left). 4: R2 of a Spearman correlation for
segment length weighted betweenness centralities (4a) and closeness centrality (4b) for 14 different
metric radii (from 1200 metres to n) for the three different network models SM, OSM and ITN against the
SIMP model (left). Correlation is significant at the 0.01 level (2-tailed), N=3172.

These differences become more apparent with regard to a log-log scatterplot of betweenness
and closeness centrality of the global scale n (Figure 11). The diagram shows a log-log scatterplot
of each of the measures allowing a visual comparison of outlier distribution within each data
set. The more dispersed the values are the less they correlate while linear consolidation implies
stronger correlations. This is clearly visible for the log-log plot of axial and SIMP while both
other models show stronger dispersion. The ITN model shows outliers across the values from
low to high, which is particularly the case for closeness centrality. To summarize, the results
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Figure 11 - Log-Log plots for the SM model compared to ITN, OSM and SIMP respectively for ASA SLW
betweenness and ASA closeness centralities on radius n.
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show that the four models differ especially in terms of the number of short length segments.
This difference can be described by an exponential relation and has a significant impact on
the computational time needed for the analysis. The results of the metric step depth analysis
confirm the findings of Dhanani et al. (2012) and show that all models share a similar complexity
in terms of their nodal distribution. However, the analytical space syntax analysis showed that,
albeit, there is a similar distribution in the data in general the geographic location of these
differences has an impact on the results. The ITN network is strongly influenced by its emphasis
on vehicular movement and traffic management details. This makes it less comparable to the
segmented axial line model than the OSM model or the SIMP.

5. CONCLUSIONS

Concluding, this paper elaborated the fitness of OSM data in space syntax analysis, it proposed
an ArcGlIS simplification workflow and presented the theoretical reasoning behind the method.
The final fitness tests showed that the simplified OSM network (SIMP) exhibits very strong
similarities with the traditional segmented axial line model across all investigated cases. It
features the topological and angular information of the OSM network with the simplistic
representation of a segmented axial line model. This is rather surprising, because the alterations
in the model are mainly based on segment nodal reduction and minor topological alteration.
The Pearson and Spearman correlation analysis showed that the SIMP model is in fact stronger
related to the segmented axial model than to the OSM model. The strong similarity between
SIMP and segmented axial also poses question to weather axial line models are such intrinsically
different representations.

Overall the findings suggest that a simplified OSM network forms an appropriate model for
space syntax analysis, particularly in the light of regional investigations where the production
of an axial line model is not a feasible option.
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ABSTRACT

Previous research has shown that the local town centre can be a space of considerable socio-
economic diversity, manifested in its being a place of work and community activity in addition
to retail activity. The long-term sustainability of the town centre has been shown to correspond
to its configurational spatial signatures. Where high streets exhibit a high ethnic diversity
amongst proprietors, there appears to be a corresponding diversity of land use and goods, with
a tendency to adapt and alter space for greater economic benefit. Small independent units
are often further subdivided to accommodate a greater number of services and products. In
the context of the local high street in the UK, the small independent Minority Ethnic Business
(MEB) is a common feature, whether it is a halal butcher, an Indian chemist or a Chinese
takeaway, serving both an embedded local minority community as well as often having a wider
mainstream appeal. This paper seeks to examine the relationship between spatial configuration
and socio-economic diversity of the local high street to investigate whether the potential for
diversity is embedded in its contextual spatial characteristics.

For the purpose of this study using nationally defined town centre boundaries, ten town centre
case studies were selected from around London based on their residential ethnic profile and the
level of deprivation of the area. Building on the literature that shows that land use diversity is
associated with the persistence of smaller town centres, we test the proposition that it is also
associated with the presence of MEBs. Here we tested the degree of impact of MEB presence
on commercial diversity across these case studies.

Additionally, the study examines the spatial and morphological signatures of these case studies
and how these relate to the context of MEB presence and land use diversity, finding a strong
relationship between spatial and urban form factors and a greater presence of MEBs. The study
concludes that given the importance of spatial accessibility coupled with built form diversity to
the presence of MEBs, greater attention needs to be given to the embedded social value in the
spatial characteristics of town centres.
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1. INTRODUCTION

Previous research has determined that smaller town centres function best when they are
sustained by local industry and the provision of a wide range of professional and community
services in addition to office and retail employment. Such centres are enlivened by activities
occurring at overlapping spatial scales, the outcome of journeys of different lengths which
are most likely to be repeated where network accessibility is most effective. (Vaughan, et al.
2009) The diversity of land uses along the main high streets of town centres has been shown
to constitute an ecology of mixed use. This ecology is supported by an ecosystem of built form
and street network characteristics which allow for its long-term evolution. (Vaughan et al.,
2015; Tormd et al. 2017) In this paper we present research which goes deeper in the relationship
between land use diversity, and the contextual spatial and social characteristics of London’s
high streets, examining the relationship between spatial configuration, plot size and socio-
economic diversity of the local high street to investigate whether the potential for diversity is
embedded in its contextual spatial characteristics.

Ina post-industrial time of mass transnational migration, the emergence and growth of the small
independent, minority owned firms has become a phenomenon that has been seen to make a
considerable contribution to local economies. It has been suggested that the emergence of
minority ethnic businesses (MEB) has been the result of a convergence of circumstances; rising
post-deindustrialisation unemployment amongst migrant communities, the resultant lack of
cultivation of skills required for more conventional employment in their new environment such
as language proficiency and adequate education and career skills, minority immigrant groups
resort to self-employment as a survival strategy (Barrett et al. 2001).

Often due to the lack of skills required and low initial capital outlays, migrant businesses
tend to occupy the lower end of the market in easy-to-enter businesses such as food retail,
clothing and restaurants (Hall 2011). Whilst this trend of self-employment may be the outcome
of initial shortcomings in skills and /or a degree of prejudice and exclusion on the part of the
host community, this entrepreneurial mind-set has proven to be advantageous to minority
communities in providing employment for co-ethnics over time, in the form of a “protected
market” (Aldrich et al. 1985) for the ethnic businesses and access to speciality items such as
food, clothing, music and entertainment to ethnic minority groups looking for products from
home (lyer and Shapiro 1999). MEB owners have been known to militate against financial
risk by subdividing and subletting space. This can result in adding diversity of land uses and
creating complementary services on one site (Hall 2011). Over time, certain ethnic products and
businesses have found an emerging demand beyond their niche markets, resulting in ethnic
businesses becoming cultural destinations where minority ethnic culture can be consumed by
the mainstream (Barrett and McEvoy 2006), 2006) and in some cases, national grocery retailers
might stock ethnic products for mainstream consumption (Jamal 2003).

Studies have shown that there appears to be some degree of correspondence between areas
of ethnic diversity and deprivation (Hall 2013), and that deprivation is often related to spatial
accessibility (Vaughan & Geddes, 2009) which in turn shapes a residential population’s access to
employment, services and a wider social network (Legeby 2009). This may in part be responsible
for the relationship between high neighbourhood minority ethnic presence and higher MEB
start-ups. In addition, people living in deprivation are most in need of locally accessible centres
with a diverse set of activities, since these are the places in which the less mobile are often
highly invested socially, culturally, and economically (Hall 2011).

This paper reports on part of a wider study which investigated MEB high streets in London. It
focuses on one of its main hypotheses, that MEB high streets have distinct spatial characteristics
thatare measurably different from non-MEB streets. In other words, high streets which containa
large number of minority ethnic businesses are likely to be benefitting from factors such as local
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accessibility and narrower frontages. To this end, the following sections first describe the study
methods, then describe the research statistics and subsequently analyse these statistically.

2. DATASETS AND METHODS

London is a city where 179 nationalities are represented and 300 languages are spoken city-
wide (Knowles 2013) and exhibits high levels of ethnic diversity, particularly in inner London
boroughs (Paccoud 2013). It has also been shown to be made up of a well-structured network
of centres and sub-centres (Hillier 1999) and that there is an association between longevity of a
town centre, land use diversity and spatial adaptability (Vaughan 2015a; Torma et al. 2017). It is
for these reasons that London was chosen as a focus for the study, which considered a sample
of ten commercial streets (or in the UK terminology, high streets) and theirimmediate environs.
The streets are located in a range of London neighbourhoods selected to obtain a range of
types defined by residential ethnic composition, level of deprivation and land use diversity.

The sample (see Figure 1) was chosen to represent a cross-section of socially deprived/affluent
and ethnically diverse/homogenous London neighbourhoods. It used the following sources of
data, from which it selected cases which ranged from low deprivation and low ethnic diversity
to high deprivation and high ethnic diversity:

e The index of multiple deprivation (IMD), using data at the level of Lower Layer Super Output
Area (LSOA) geographical areas comprising 1000-1500 population size.

* The eighteen categories of ethnicity as defined by the Office of National Statistics (ONS)
based on responses from the last census (2011).

Figure 1 - Case study selection

The town centres were further filtered by using land use diversity as the control variable,
selecting only those within the top 30% of land use diversity, defined using UK standard business
classes, of which there are thirteen categories.
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Caseswere alsovaried geographically to coverinnerand outer London, spread around the points
of the compass. The study areas themselves were determined using UK national town centre
boundaries, which define the peak office and retail activity in an area (Astbury and Thurstain-
Goodwin 2014). Each study area was then analysed to determine its primary commercial street
(high street), defined by its having peak non-residential activity, lying between two major
intersections, and being morphologically similar, namely terraces with a ground floor plus two
stories above with a predominance of commercial activity on the ground floor, and normally a
maximum of two lanes of traffic.

A diversity index was constructed based on data available for each high street block in the case
study areas. This type of index is commonly used in ecological studies to measure the diversity
of species in a community. In this study we adopted this measure to identify the composition of
high street blocks in terms of their land use types and MEBs. Hence, for every high street block,
the land use diversity and MEB diversity was calculated using Shannon Wiener Diversity Index.
Higher scores of diversity are indicative of greater and more diverse land use/MEB presence
in the given block and a score closer to o indicates the presence of a small number of land use
types (i.e. a single building with one land use type within a block face) or in the case of MEB, a
block face where no MEB business is present.

3. DESCRIPTIVE STATISTICS

Summary data for each high street are presented in Table 1. Note that the first column indicates
the characteristics of the local residential population. Here, diversity is a measure of the
presence of many different non-British groups — hence the somewhat counter-intuitive result
for Southall, which has a high South-Asian residential population, but not many other minority
groups within its local population.

soccai:‘;eg‘é’or;%?ic Name Length No. of No._ of | Avg. area
background (m) Blocks units of units
population
I:E:I? jR:;"s?tf; Deptford High Street 417 11 114 114.39
QE:I?;E::;?:; Watling Avenue, Burnt Oak 318 8 92 99.61
El_t?nvr:/icD dei?/-el}cs’ivtvy Putney High Street 673 1 136 158.14
Eljczvr:/ichjiF\)/-el;Zi\icvy Wimbledon Village High Street 496 14 109 112.50
E|-'c“hgnhicDI§iF\)/;aLr§i\'lcvy Walworth Road 503 12 136 179.96
EHtLgnI‘;CD;iF\)/-el;Zi\;Vy Bethnal Green Road 450 14 114 111.98
EHtLgnk;cDDeiE)/;al;cs)ichy The Broadway, Southall 470 12 164 149.15
E|-t“hgnhi cDDeiF\)/;aLrgi\'lcvy High Street, Romford 505 8 65 232.32
El_tivr\:icDgFi)\;:isgithy St. John’s Wood High Street 454 10 97 117.50
Eﬁﬁ?;ﬁ/?gg Station Road, North Harrow 404 11 83 140.17

Table 1 - Case study spatial characteristics
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The land use characteristics for each high street were then observed and recorded in a GIS,
where the commercial activity or business class, built form character and visible ethnic
affiliation were recorded. Rather than using national classifications for ethnic affiliation (which
are quite limited for our purposes; for example, grouping all African ethnicities in one class), we
recorded the individual country affiliation. If a retail unit was part of a national chain, ethnicity
would not be recorded, if it was an independent where the services or goods are aimed at a
particular ethnicity or ethnicities/religions, ethnicity would be recorded, and finally if it was an
independent where the ethnicity of the proprietor was identifiable yet the services or goods
offered are generic, ethnicity would not be recorded.

Of the 1,108 units recorded across ten cases, 266 or 24% of the total number of recorded units
were recorded as being minority ethnic businesses (MEBs). Further analysis of these businesses
showed that MEBs seem to be of two types: those that provide a generic service such as the shop
selling cheap plastic household products and luggage, and the other being those businesses
supplying products such as clothing and fashion accessories for a specific ethnic group. This
seems to be happening within the background of generic/non-ethnic services; i.e. banks,
florists, funeral directors, and pawnbrokers. Keeping this in mind, MEBs on the high street are
found primarily in three business classes — retail, retail food and food and drink. Of all the MEBs
recorded 51.2% were retail, 19.4% were in the retail food category and 27% were recorded to be
in the food and drink category leaving only 2.4% of MEBs in other categories.

Therewerevaryingdegrees of MEB concentrationacrossthetensites(Figure 2). The percentages
range from MEBs comprising over 50% of all units as is the case on Southall’s Broadway to just
over 4% of all units in the case of St John’s Wood High Street. Within this distribution it should
be noted that North Harrow, Deptford High Street, Burnt Oak and Southall all have over 25%
of recorded units visually identified as MEB. Three of the four cases were found to have a local
population with a high degree of ethnic diversity: North Harrow, Deptford and Burnt Oak. The
fourth, Southall, has a primarily South Asian presence and over 50% visible MEB units. This
variation in concentration of MEB units appears to confirm the proposition by (Vaughan 2015b)
of there being three broad types of ‘ethnic marketplace':

1. Locations with a high UK British presence, with a small presence of mainly food and drink
outlets or other small MEB businesses, ranging from 4% to 9.3% (St. John’s Wood, Putney,
Romford and Wimbledon Village);

2. High ethnic mix of local residential communities (Walworth Road, North Harrow, Deptford
and Watling Avenue; though not Bethnal Green Road) with a paralleled diversity of MEB
functions, ranging from 14.7% to 31.5%;

3. The ‘ethnic marketplace’, where a single category of MEB businesses dominate, as in
Southall with over 50% units classified as MEBs, with a paralleled high presence of people
from a South Asian background.

% of MEB on the High Street

Southall Brosdwiy

Watling Mvenue Burnk Oak
Deeptfiord High Sanset

Seathon Rowd Horth Hamsw
Bethegl Green Road
Walwoith Rosd

wirnisledan Village High Stiest
Aoemford Migh $reet

Putrary High Street

51 Jokn's Wosd High Snest

3

2 4 L Bife (o2

Figure 2 - Percentage of high street units that are MEBs
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4. RESULTS

Our first hypothesis, that high MEB presence and diversity has a positive impact on the
commercial diversity of a local town centre was supported by the evidence (and will be published
in a forthcoming paper dedicated to the subject). We found that high streets which contain a
large number of minority ethnic businesses with a wide range of business types correspond to
greater availability of a range of products and service types within a given high street. The main
hypothesis to be explored in this paper takes this finding and poses the question of whether high
streets which contain a large number of minority ethnic businesses are likely to be benefitting
from factors such as local accessibility and narrower frontages, which (as mentioned in the
introduction), have already been shown to contribute to the presence of land use diversity.

The hypothesis that MEB high streets have distinct spatial characteristics that are measurably
different from non-MEB streets was explored from a series of different spatial angles. In order to
study whether high streets which contain a large number of minority ethnic businesses are likely
to be benefitting from relatively high street accessibility and smaller units, MEB high streets
were examined at both local (8oom) and wider-scale (2000m) levels of accessibility, additionally
the size of building units was examined in relation to the level of commercial diversity.

4.1 SEGMENT ANALYSIS

Space syntax analysis of the model of London’s street network was created using the Ordnance
Survey Meridian 2 map source. The standard space syntax measures of segment angular
integration (which models the amount of angular changes required to access all other street
segments in a given network) and segment angular choice (which models the centrality of a
street segment on routes between any two street segments). A range of metric search radiuses
ranging from 4oo to n (all segments within the model) were computed for each of the two
measures. All town centres were plotted against local (8oom) and wider-scale accessibility
(2000m) — the two scales were chosen to approximate a normal distance of everyday walking
(the former) and a maximum distance of walking (the latter), to test for variation in the ten case
study locations. This can be seen in the following two Figures, which plot average integration
radius 8oo against radius n and radius 2000 against radius n, respectively (Figure 3 and Figure 4).
Bethnal Green, Walworth and St John’s Wood high streets are in the higher band of accessibility
both locally and at the wider scale in comparison to other case studies, followed by Putney and
Deptford high streets. Romford's high street is the least accessible from all case studies both
800 and 2000 metre scales.
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Figure 3 - A plot of all town centres within London,
highlighting the ten cases as well as London’s commercial
heart (West End, Central London) for comparison. The X
axis shows average for all segments within a town centre

atradius n (city-wide); theY axis shows integration radius
800 metres
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atradius n (city-wide); theY axis shows integration radius
2000 metres
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In the following analysis we defined a perimeter of 2000m around each high street to capture
data on the extents of its maximum catchment on foot. We then compared the space syntax
characteristics of the ten high streets with their surroundings, to see if they were significantly
different in measures of integration and choice at radius 400, 800, 1200 and 2000.

Table 2 shows the results of this comparison measured by counting how many standard
deviations (SD) away the average syntactic value of accessibility for each high street is when
compared to its wider setting for both Choice and for Integration (which have been shown
to be predictors of through and to-movement, respectively). Low SD is indicative that the
accessibility level of the high street is very close or similar to the average accessibility level
of the surrounding area. High SD means that the high street’s accessibility values are more
spread away from the mean, which is indicative of the high street being more accessible than
the surrounding areas.

Overall, it can be seen that the majority of the high streets are more integrated than the
average for their surroundings; at least 1 standard deviation higher than the average value of
accessibility of the surrounding area. The results suggest that some high streets such as Bethnal
Green Road, Deptford High Street and Southall Broadway have a very strong core both at local
and wider scales of movement (up to 3 standard deviations higher than the mean value for the
surrounding area), suggesting they act both as a destination to and a place to move through.
Others, such as St John’s Wood high street and Walworth Road act as a local destination only for
up to 10 minutes of walking, after which it could be said that they fade into the background of
trips of longer lengths. For the Burnt Oak, Wimbledon Village and Putney cases, the high street
remains the core of the neighbourhood across the different scales of movement. Romford High
Street peaks at an approximation of 10 minutes (800) and 25 minutes (r2000) of walking. North
Harrow’s high street acts more as a destination through the area.

. Choice
Locality

R400 R8oo R1200 R2000

Bethnal Green Road
Burnt Oak
Deptford High Street
North Harrow
Putney High Street
Romford High Street
Southall Broadway
St John's Wood High Street
Walworth Road
Wimbledon Village High Street
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. Choice
Locality

R400 R8oo R1200 R2000

Bethnal Green Road
Burnt Oak
Deptford High Street
North Harrow
Putney High Street
Romford High Street
Southall Broadway
St John's Wood High Street
Walworth Road
Wimbledon Village High Street

- Colour range indicates mean values ranging from 1SD (orange)
through to 35D (violet)

Table 2 - Standard deviation of the average syntactic values of the high street in comparison to the average syntactic
values of its surroundings up to 2000 meters from the high street centre point

In fact, all high streets with a recorded MEB presence of greater than 20% are more integrated
with respect to their surrounding areas than their low-MEB counterparts across scales —
integration often increasing as scale increases. Moreover, all high MEB high streets have a large
amount of Retail, Retail Food and Food and Drink functions. Bearing in mind their high rates
of large scale integration, this suggests that they function not only as local high streets, but
are also able to make the most of their spatial configuration to serve people making trips from
farther afield. It should be noted that in the case of both Southall Broadway and Bethnal Green
Road, these high street spaces are in fact arterial routes through the city in these areas (in the
case of Southall Broadway, it seamlessly changes name as it transforms from a local high street
to an arterial route both to the east and to the west). On the other hand, low-MEB high streets
(Walworth Road, Putney High Street and St John’s Wood High Street) appear to be functioning
primarily as local centres.

The findings in this section tie in with Hall’s claim that minority ethnic commercial centres are
located ‘physically near to the centre but perceptually distant from it (Hall 2011), p. 2572).
Their high spatial integration allows for the footfall required for commercial viability whilst
their perceptual location in the ‘urban margins’ provides an environment conducive to the
emergence and presence of alternative cultures and economies.

4.2 BUILT FORM ANALYSIS

Analysis of the built form characteristics of the high streets measured plot size to see if it affects
levels of MEB diversity (namely, whether smaller plots were associated with a greater number
of different minority ethnic businesses). Figure 5a shows that the median score of MEB diversity
for the ten case studies is around 0.5 and the middle 50% of scores fall between 0.3 and 1.2.
However, the distribution is quite skewed, with the top 25% of diversity scores stretched over
a wider range. The skewness of the distribution suggests that MEB diversity varies markedly
across the urban blocks of each high street. Whether these differences hold when comparing
between the high streets is examined as follows.

When the individual high streets are examined (Figure 5b), the scores vary in their distribution
across the high streets. For example, both Walworth Road and Southall Broadway have a tight
cluster of diversity scores which is indicative that all their blocks have similar levels of diversity
(despite the fact that Southall Broadway has overall a much higher score of diversity than the
Walworth Road. In contrast, in the case of North Harrow and Bethnal Green Road, the blocks
have the whole spectrum of MEB diversity present along the street.
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Figure 5 - MEB diversity characteristics across the high streets of the ten case studies

In order to test whether MEB diversity is supported by the built form character of the available
units, the average area of MEB units across the ten sites was compared. It was found that the
average for MEB units was 112 square metres as opposed to an average of 149 square metres
for non-MEB units.

When the building blocks are broken down by MEB presence (see Figure 6), it can be seen that
across the high streets overall, MEB units are much smaller in size than those building units that
do not have MEB. The exceptions to that rule - Wimbledon Village High Street and St John's
Wood High Street — were cases with low ethnically diverse and low deprivation areas, where
restaurants and bars were pushing up the average building footprint of MEB units and Watling
Avenue Burnt Oak, an area with a population with high rates of deprivation, who are served by
large supermarket units with specialized food offerings, such as Polish and Turkish food and
fresh fruit and vegetables at cheaper prices than the local chain supermarkets.

Watling Avenie Burt Osk [ —
Bethnal Green Rood [ —
Wimbledon Village High Srcet [ —
e
Sintion Rosd North Hasrow _
N e
R e
Walworth ool | ———
Romford High Swect [T —

0 50 100 150 200 250 00

= Mean non=-MEB unit {sgm) ® &fean MEB umif {sqm)

Figure 6 - Comparison of building block sizes for the units with and without MEB presence
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Since, the MEB diversity index is derived from the both abundance of a particular type of land
use and the number of land uses within a block, it is plausible to suggest that the density of
buildings within a plot has an indirect effect on how much MEB diversity variation is potentially
offered across the high-street (namely that the built form structure of the high street blocks
influences MEB diversity). Figure 7 tests this proposition. Whilst only showing a marginal trend
towards smaller units being associated with a diversity of MEBs, it opens the way for further
research to see the extent to which land prices and land economics in general help shape the
relationship between the availability of smaller units and an increase in the diversity of MEB
units.

250

200 —— S O O ¢ B S &= b1

Mean
building block size (sqm)

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Mean
MEB diversity score

Figure 7 -MEB diversity in comparison to size of the building block

5. CONCLUSIONS

This paper set out to examine the spatial character of high streets with a presence of minority
ethnic businesses. It has found that in London’s super-diverse context, almost a quarter of
the 1108 units recorded across the 10 cases were visibly identifiable as such. While the cases
were sampled with care to represent the full range of cases, it is perhaps unreasonable to draw
too strong a set of conclusions from the findings. However, analysis of both the background
residential population and MEB presence on the high street seems to support the idea that
there arein fact three distinct types of MEB presence on the high street, ranging from low ethnic
population areas, where MEB presence is limited to three primary functions of retail, food and
food and drink; areas that exhibits a high ethnic mix of communities, and a third category of
mono-ethnic areas. This finding begins to indicate that where there is an embedded minority
ethnic neighbourhood presence there is a more diverse MEB presence. Further research needs
to consider the extent to which this also corresponds to the presence of deprivation within
the wider neighbourhood — namely, is there a secondary benefit from an MEB presence to
populations living within the surroundings of such centres? However, when the three MEB
groups (ethnic market, mixed and UK British) were tested statistically, no difference was found
in their background ethnic diversity, yet our analysis found that there is a marked relationship
between MEB presence and background ethnic diversity: high ethnic diversity leads to high
MEB presence on the high street. We elaborate on this analysis in another forthcoming paper.
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From the point of view of the built form and space syntax analysis, the results suggest that the
morphological structure of the high street blocks affects how much MEB diversity variation can
be found on the high street. This suggests that the MEB diversity is quite different both across
the urban blocks and across the high streets. MEBs tend to occupy smaller square metre area
units within the blocks in comparison to non-MEB units. Smaller average building blocks unit
size appears to support and promote not only higher MEB diversity, but brings more commercial
activity to the area overall.

High deprivation areas have a tendency to attract a greater MEB presence. This may be
attributed to the ethnic make-up of the background residential presence in an area and the
fact that in many cases minority and migrant communities gravitate to high deprivation areas.
However, what is clear from these findings is that given the right spatial network and built form
settings: namely relatively high local integration and a larger number of smaller business units,
a population that suffers from relatively greater deprivation can gain the benefit of the greater
range of shops and businesses within easy reach of their area — providing not only opportunities
for cheaper goods, but increased sociability and access to work. Arguably, our findings suggest
that even a small number of units can bring an additional dimension and character to the High
Street beyond the offerings of national chains. The relatively ramshackle, shabby premises that
prevail in some of the case studies are a crucial way both for the temporary and impromptu
sort of uses necessary for contemporary living but also for ensuring that local businesses can
have access to affordable and flexible space and thus to the wider market at all stages of the
economic cycle (Dobson 2016), but also for building the early stages of businesses that both
serve local needs, but also to test its economic viability. As we have argued elsewhere, the
spatial configuration that supports a local, diverse town centre to be connected to the wider
city network allows for a range of people to move, encounter and interact in the most beneficial
way.
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ABSTRACT

Integrating social and spatial networks will be critical to new approaches to cities as material
systems of interaction. In this paper, we propose a way of doing so by focusing on the spatial
and temporal conditions of formation of social networks — namely, on ‘encounters’ as a key
social event. Drawing on classic approaches such as Freeman’s concept of segregation as
‘restriction on contact’ and Hagerstrand'’s time-geography, and recent explorations of social
media locational data, we analysed the space-time structure of potential encounters latent in
the urban trajectories of agents differentiated by income levels in Rio de Janeiro, Brazil. This
approach allows us to estimate agents’ urban trajectories examining geographic spatiotemporal
positions in tweets, visualise income groups as potentially overlapping class networks, assess
spaces of potential encounter and levels of social diversity on the streets. Finally, we discuss our
findings and the utility and limitations of this approach in grasping a temporal ‘geography of
potential encounters’ and segregated networks.

KEYWORDS

Social networks, spatial networks, encounter, segregation, mobility, Twitter locational data.

1. INTRODUCTION: LINKING THE SOCIAL CITY TO THE PHYSICAL CITY

Cities, as Glaeser and Jacobs before him have argued so persuasively, are about
‘connections’. . . The various processes that take place in cities, which bring people
together to produce and exchange goods and ideas, define a multitude of networks
that enable populations to deliver materials and information to support such endeavour
(Batty, 2013:30).
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Cities are social networks of people and institutions, whose physical organisation allows the
exchange of artefacts and information. If linking the social city to the physical city is a major
challenge inurban studies (Hillier and Vaughan, 2007; Batty, 2013), the problem of relating social
networks to built environments as spatial networks lies at its very centre. In other words, if we
are to advance our understanding of the relations of the social city to the physical city, we need
to get closer to the very foundational elements of those relations: the city as “sets of actions,
interactions, and transactions.. . . patterns of flows, of networks of relations, pertaining to both
physical-material as well as ethereal movements” (Batty, 2013:9). In this sense, we propose to
approach the very material conditions of formation of social networks. Social networks are of
course formed through opportunities of contact, encounter and interaction as ‘social events’ in
time and space. The city has historically had the role of producing such events.

We will examine in this paper the relationship between forms of social networking and the
mobilities of different agents in a city. Closer to a more recent trend in sociospatial studies
focused on the positioning of agents in urban space rather than location, our approach explores
ways in which the formation of networks is shaped by the potential of encounter within the
trajectories of bodies in urban space where co-presence is likely to happen — or not. In fact,
this aim involves entering an elusive fabric of movement and encounter. This paper develops a
method to capture such fabric, using ideas from Linton Freeman'’s (1978) view of segregation
as ‘restrictions on contact’ to references to the time-geography of Torsten Hagerstrand (1970).

We will develop theseideasin orderto achieve a clearerunderstanding of (i) the role of encounter
in the formation of networks, and its opposite, in segregation as a real time phenomenon, and
(i) the role of mobility in the opportunities of encounter, and its relation to social differences,
especially in unequal societies. Then we shall (iii) develop a concept of sociospatial networks
able to represent movement and potential encounters in time and space; (iv) explore the
methodological use of social media locational data to grasp movement and infer potential
encounter; (v) apply this framework in an empirical study of networks of trajectories and
encounters of different income groups in Rio de Janeiro; and finally (vi) discuss our experiment
and findings on sociospatial networks and their levels of superimposition.

2. THE ROLE OF ENCOUNTERS IN THE FORMATION OF SOCIAL NETWORKS

Cities may be seen as a fluctuating balance of density, mobility and social connectivity
(Bettencourt, 2013). Connectivity is of course highly dependent on how encounters are
generated by density and mobility. Encounters can be dispersed in the streets or polarized in
places of work, leisure and consumption, at bus stops, subway stations, institutional buildings
and so on. These factors may have an impact on our interactions, like sparks to a dense web of
daily movements from residential locations. If movement could leave visible traces in space,
such web of movement could reveal the potential to encounters and opportunities for social
network formation unfolding in urban space.

Mapping these webs of movement in the city where encounter may or not happen is one of
the aims of this paper. In fact, the idea of mapping trajectories is far from new. The work of
Hagerstrand (1970) was the first systematic attempt to capture trajectories and restrictions
spatiotemporal hanging over actions. Although Hagerstrand’s approach — fashionable in the
early 1980s — has lost interest since then, recent empirical approaches have taken the spirit
of that work (e.g. Lee and Kwan, 2011), making use of technologies capable of recording the
movement of agents and identify patterns of mobility>. We propose to add new layers to this
idea, and evaluate how the mobilities of agents shape opportunities of encounter. Webs of
movement are of course evanescent features of our effective presence in space. If we could
capture at least some of them, we could have a picture of how social groups materialize their
actions.

1 A method developed by Gonzales et al (2008) uses an extensive database recorded through mobile phone
communication in American cities to map spatial paths, showing that actors have a remarkable tendency to
recursivity.
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We would like to explore an alternative definition of ‘social network’ intended to get closer to
the web of encounters through which networks may emerge. We consciously opt to not use the
concept as an arrangement of agents as in Social Network Analysis (SNA)>. The SNA tradition
focuses on the analysis of phenomena varying from the microstructural, like epidemics or
power relations or the spread of information within groups, to the large-scale, such as the small-
worlds networks —frequently involving graph theory and a space without physical and temporal
dimensions, an abstract space of pure topology. We choose to employ a definition of social
network as an open and potential set of contacts changing over time — one able to take into
account the social positions of the agents and the precise circumstances of time-space where
contact may occur. Graphically and mathematically, we do not represent agents by vertices
and relationships by links. Instead, we invert this representation, seeing agents as “lifelines” (as
in Hagerstrand), with the important factor of the passage of time — which allows us to retain
the dynamic property of a social system. The possibility of agents encountering each other is
represented by the intersections of the agents' lifelines. Encounters are the vertices, and agents’
lifelines, the potential links between them. This non-standard representation is favoured by a
principle of homology in which lifelines correspond to urban trajectories, and circumstances of
encounter correspond to converging positions (figure 1). This model seeks to add the temporal
and spatial dimensions as inherent dimensions of social networking, and render the spatiality of
encounter more intuitive. In short, it is intended to account for the potential of encounter as a
key factor in social network formation.

SOCIAL NETWORK OF ENCOUNTERS

I
: _'___---"'-"\ Intersection: social situation
[contact betwoen actors)

Action line in thene:
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Figure 1 - Principles of homology between networks in time and social space (left), diagrammatic spatial translation
(centre), and agent’s paths in space-time (right).

Once we map agents’ lifelines in space-time (via the trajectories between collected positions),
we leave a purely ‘social’ representation of networks. We are looking at sociospatial networks:
the places of overlapping trajectories are the connections of potential visual contact and
encounter. We do not wish to equalise ‘sharing space’ with ‘encounter as interaction’, however.
We cannot claim to grasp the passage from encounter to interaction, for that would require
observations of agents in their actual exchanges, which are outside our methodological scope.
Following the work of Goffman (1961), Giddens (1984) and Hillier and Hanson (1984), we
understand ‘encounter’ as the presence of an agent in one’s perceptual field in circumstances
of co-presence. As the raw material of social life, the importance of encounters can hardly be
over-emphasised.

3. CONTACT BETWEEN SOCIALLY DIFFERENT AGENTS

An interesting view of the role of encounters in social networks is found in Freeman (1978:
413): “All restrictions on interaction, whether they involve physical space or not, are forms of
segregation — in social space.” We wish to explore Freeman'’s view in order to understand the
delicate fabric of encounters and interactions that keeps local social systems together. Mapping
movement can allow an understanding of the spatiality of presence and absence as active

2 See classic graph theoretical approaches in Freeman (1978) and Wasserman and Faust (1994), among
others.
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features of social networking and the emergence of segregated networks. In this sense, our
approach shares the focus on social spheres and routinized activities found in a number of more
recent works (e.g. Schnell and Yoav, 2001; Lee and Kwan, 2011; Selim, 2015).

What is the chance to meet someone from a different social group? We shall first examine a
number of conditions of encounter reasonable from a material standpoint.

e First, social contact in cities depends on circumstances of encounter.3

e Second, cities are historically produced and spatially structured so as to make social
situations in principle accessible. In fact, city-making processes are consistently related
to patterns of location and accessibility. In a tradition stemming from Hansen (1959)
to Glaeser (2010), approaches in spatial economics have been able to identify agents’
preferences and location patterns amidst the apparent randomness of location.

e Third, activity places tend to increase the potential for convergence of agents who share
similar interests and mobilities.

e Forth, income may play a role in this process. People with smaller budgets face further
restriction in mobility. In turn, limitations in mobility enhance localism — the dependency
on proximity to enact one’s social life (Fischer and Shavit, 1995; Lee et al., 2005). In
these cases, the density of encounters would tend to increase especially around home,
and agents would tend to use places in the neighbourhood to create and maintain
relationships.5

Our hypothesis is that similarities in patterns of mobility and appropriation of space (the spaces
we are likely to relate to, use or pass by) would lead to increases in the potential density of
encounters especially between socially similar agents. In turn, this spatial trend toward both
higher levels of homophily and different degrees of connectivity in personal social networks,
both generated by differences in income, lifestyles and mobility, may have strong implications
for contact between the socially different. We need to clarify how contact is effectively
performed spatially, involving circumstances of co-presence and absence. For instance, could
mobility — and not proximity — be the key factor in generating potential co-presence between
the socially different? Approaches to mobility that make use of geographic information
derived from digital data (say, the data usage of mobile phones) are still restricted to capture
spatial patterns of behaviour (e.g., Gonzales et al, 2008) — with little connection with the social
conditions of spatial behaviour, such as the influence of income and class.

Mobility and income seems associated in a circle that leads to increases or decreases in the
potential to create, maintain and expand personal networks. But how so? If networking depends
onsituations of encounter, we need to understand how mobility mattersin the structure of urban
encounters. How (and where) does the potential of encounter between the socially different
materialize? In order to answer these questions, we need to examine the superimposition of
trajectories of different social groups. Income groups related to class, i.e. large-scale groups
with common economic features that strongly influence their actions and lifestyles (Giddens,
1993) and other forms of social grouping are shaped by probabilities of encounter.

Space matters here. Even though we do not usually think about it, our daily trajectories
constitute the backbone of our encounters and shape the elusive structure of social life in the
city. The distance between locations in a city, associated with differences in mobility, income
and lifestyle could bringinequalitiesin the capacity to participate in social situations. Inequalities
and incompatibilities in patterns of movement are forms of disjunction of encounters — a way
of disrupting the possibility of encounters that otherwise could happen. The disjunction of
encounters may be especially active among socially different people. Simply put, there would
be a greater chance of encountering and networking with those who share similar mobilities.

3 The heartofthisidea may be found in Jacobs (1969); see also Giddens (1984), Hillierand Hanson (1984), Bettencourt
(2013), and Batty (2013).

4 Bettencourt (2013) has recently theorized the effects of linear paths over the density of encounters.

5 See Marques (2012). Empirical data on transport expenses in Brazil show that higher income groups not only
spend more than low-income groups, they spend more than proportionally (POF, 2009).
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These ideas begin to portray the complex material fabric of encounters in a city. However, how
can we understand in detail its volatile spatiality?

4. THE METHODOLOGICAL USE OF TWITTER LOCATIONAL DATA

It seems almost impossible to see the spatiality of the tremendously complex flows of
convergences and divergences of our actions and paths in the city. So a key methodological
question is how to grasp the panorama of an entire city. The answer is that we can track the
movement of a large number of agents exploring the potential of social media locational data.
In fact, a number of works has recently emerged using social media locational data in order
to extract information of human patterns of movement. On a substantive level, Liben-Nowell
et al (2005) related geography and online social networks (a community of bloggers) to find
that one-third of relationships are not dependent on geography. Lee et al (2011) examine
how the use of mobile communication channels of information affects just-in-time choices in
consumption travelling behaviour. On a methodological level, Li et al (2011), Ribeiro et el (2012)
and Zielinski and Middleton (2013) developed forms to infer indirect locations from Twitter
geotag and timestamp, whereas Veloso and Ferraz (2011) and Takhteyev et al (2012) inferred
spatially reliable information through regression models correlating tweet frequencies with
real world events. Sakaki et al (2010) filtered georeferenced tweets, whereas Boettcher and
Lee (2012) applied density-based spatial clustering.

In the spirit of these works, we conducted an empirical study in the city of Rio de Janeiro. This
studyisintendedasaproxytotheactualdynamicscenario of trajectories of socially differentiated
agents. Twitter offers particularly attractive possibilities in this sense, as it makes its metadata
bank public through a principle of anonymity and the possibility of inferring characteristics of
the spatial behaviour at the individual level, involving potentially large samples —although risks
of generalizing from self-selecting users to the populations from which they are drawn must be
carefully taken into account (Longley et al, 2015). The set of variables provided by Twitter API
includes user IDs along with a spatiotemporal signal, the timestamp and geographic coordinates
for each tweet posted by users who opted for having the GPS location in their mobile phones
turned on. Considering the relation between tweet location and the actual street network,
our study points to an accuracy within 10 meters, adjusted to the street network via shortest
distance to the nearer street segment mapped in GIS software.

We collected metadata from tweets with spatiotemporal positions posted in Rio through the
official Twitter streaming APl between November 12th (0:07:13 am) and 14th (2:36:45) during a
period of 56 hours, generating a database of 20,192 users and 333,407 tweets. Then we tested
this time frame against a 241 hours database, with 70,403 users and 2,252,348 tweets collected
along 18 days, and found a Pearson linear correlation of 0.976 (p-value 2.2e-16) between the
datasets regarding the spatial distribution of tweets according to census blocks.

Automatic tweeters posting for commercial purposes (bots), identifiable by the large number
of tweets posted from the same position, were also excluded. A statistical analysis of average
distances between tweet positions of same users via quantile classification showed that the
threshold between (high frequently) short distances and long distances between tweets was
106 meters (step 2). We identified the repetition of location of the first tweet in the morning
during the period of observation (first in a sequence of tweets), since the night position brings
limitations to the sample regarding tweeting behaviour (Longley, 2015). The first tweet was
taken as the origin in the generation of shortest paths to following tweets posted during the day
(step 3). Shortest paths between tweet positions within Rio’s street network were performed
topologically through GIS software, using Open Street Maps (step 4) as predictors of routes
between actual positions.®

6 Empirical evidence from fields like space syntax and urban network studies suggests that shortest paths are
reliable predictors of actual routes (e.g. Hillier et al, 1993).
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Finally, Twitter users were differentiated according to income (step 5). We assigned income
levels to users through a procedure that required crossing residential locations inferred from
tweeting behaviour (step 3) with economic data referred to the census blocks (2010 Census,
Brazilian Institute of Geography and Statistics, IBGE). The census block unit used to inferincome
levels was the smallest available’. Our methodological procedure to select users according to
posting behaviour, spatial behaviour and income levels can be summarized as follows (figure 2):

Of course there are risks of ecological fallacy in interpreting individual users’ income from the
average of residents from each census block. We statistically assessed such risks looking for
the coefficient of variation (CV) for income. The average CV for income within census blocks
in Rio is low, about 9.3%, so we could say that there is enough homogeneity of income values
between residents of the same block to use average income as a proxy of individual income.
We analysed the exponential distribution of income per capita and proposed a classification
by quantile which suggested the following levels: less then R$ 750; R$ 750.01 to R$ 1,600; R$
1,600.01 to R$ 2,500; R$ 2,500.01 to R$ 3,400; R$ 3,400.01 and above®.

These values were identified as low, lower-middle, middle, upper-middle and high-income
users (differentiated by colours in figure 3). For the sake of this experiment, a methodological
test involved assessing how representative are inferences about Twitter users in relation to the
actual population of Rio de Janeiro. We compared the distribution of the average per capita
income in Rio’s population from census data and from Twitter users inferred through residential
location.

The first histogram (population income — figure 3, bottom left) suggests an exponential
distribution with a long tail for higher income values (over R$ 10,000 per month), the same
threshold observed for the estimated income distribution of Twitter users. Linear regression
brings an adjusted R squared of 0.67, showing that the inferred income distribution of users
has a reasonable degree of similarity with the income distribution of the population in general
(figure 3, bottom right).

This also suggests that the use of Twitter does not seem to be associated with specific income
levels, confirming previous findings about the high penetration rate of Twitter in Brazil (Graham
and Stephens, 2012). A geographic analysis in figure 3 shows two readings: residential patterns
of income levels (top in figure) and the pattern of distribution of users’ estimated location
according to income level (below in figure 3).

5. NETWORKS OF ENCOUNTER IN TIME AND SPACE: A DIGITAL EXPERIMENT

We may further analyse the spatial and temporal structure of potential encounters between
Twitter users. Using as databases the OSM street network and the tweets dataset with
timestamps and geo-location to rebuild the shortest paths between consecutive tweets, we
also temporalized such trajectories assuming an average speed between tweet locations. We
inferred ‘potential encounter’ as crossing trajectories within a single street segment, of course,
and within a ‘temporal buffer’ of five minutes. In other words, we computed as potential
encounter situations where two users were in a same street segment within a 5-minute interval.

7 Within the city of Rio de Janeiro, the census block unit has an average number of 210 households and 616
Inhabitants and a median area of 33,017 squared meters (a considerable variance is found for area).

8 The exchange rate between American Dollars and the Brazilian currency Reais is: U$ 1= R$ 3.30 in 30th September,
2016.
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We may assess the space-time structure of encounters through a time-geography-inspired
representation and complementary graphic analyses (figure 4). Not surprisingly, the number
of potential encounters peak in the early morning, around midday and around 6pm, to drop
considerably in the evening, as agents tend to find themselves in more static positions in space
(figure 4, bottom left). In order to understand the spatial pattern of potential encounters, we
applied Ripley’s K-function to summarize spatial dependencies interactively as clustering or
dispersion processes over a range of distances randomly selected. As first stated by Getis (1984)
and revisited as an analytic tool by Mitchell (2005), the K-function was calculated as:

"
A Z.—| ZJ—L..TL"‘J-J
L{d) =
rxnin—1)
Where
d = distance between places of potencial encounters
n = total number of places of potencial encounters
A = total arca comprehended by potencial encounters
k; j = weight (number of potencial encounters in each place).

The blue line in the graph for the K-function (figure 4, bottom right) indicates the average
distance between encounter places is randomly selected sets. The red line indicates all
observed encounters (in our case, inferred encounters). The X-axis represents the distance
between encounter places and the Y-axis represents the average distance between encounter
places weighted by the number of encounters. The difference between the lines indicates that
observed encounters are clustered. As the curve for the observed K is above the confidence
envelope, it is statistically significant.

Whatdoesourexperimentshowaboutthedynamicofpotentialencounterasthe superimposition
of class networks as revealed by Twitter users’ trajectories in the city? We counted the number
of agents’ trajectories classified by income level for each street segment (between corners)
where there were trajectories. We also quantified the length of streets covered by users with
the same metric length of street segments. This information was registered for each agent and
accumulated for her/his income groups. Then we calculated the overlapping of income groups,
using the number of agents for each group passing through each street segment. Maps in figure
5 show the dominant income group in the streets that make up their trajectories. The criteria
for determining visually the dominant presence of a single group over a street segment is ‘the
group with the higher number of paths overlapped in a street segment provides the colour for
that segment’ —i.e. once we consider the proportion of income groups in actual numbers, when
agroup hasone person above that percentage, it has dominant presence. Results of the analysis
seem to grasp the spatiality of potential encounter along with traces of dynamic segregation.
These visual overlaps will be assessed quantitatively below.

We first notice strong evidences of residential segregation related to income. The poorer
spread more broadly over the cityscape. Low-income and lower-middle income groups show
considerable overlap, but low-income users are dominant in areas farther from the sea and
the CBD, located in the East. Landscape amenities related to proximity to the sea are a clear
factor in defining land values and higher income location (and both territorial and dynamic
segregation) in Rio. Geographical topography adds complexity to residential location patterns
in Rio — including the favelas scattered in the landscape, allowing the poorer to live in hills
near richer areas, closer to the sea and the CBD. Such unusual cityscape enmeshes the lines of
movement, as we can see in areas in South Rio, increasing the potential of encountering the
socially different. Complexities considered, an overall pattern emerges, as higher income users
are more likely to be found in South and Southeast Rio, near to the sea, and a gradual shift in
users income levels becomes visible in trajectories as they spread farther, towards North.

We can also assess how isolated is the presence of a single class in Rio’s streets, and how the
proportion of trajectories income groups share with one another (table 1). Lower-income
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groups (IG1 and 1G2) are much more segregated in their movements across the city, with 19.2%
and 29.9% of their trajectories occurring in non-shared streets, respectively. They also show
the highest degree of sharing spaces (10.4%). Richer groups (1G4 and IGs) share more of their
trajectories with other groups.

The poorerandthericher (IG1and IGs) share only 0.8% of users’ trajectories. 1G2 displays a more
socially integrative spatial behaviour — but also has a larger share of users (46.7%). IG1 and 1G2
trajectories display less social diversity — they are easily the dominant group (i.e. their presence
in a particular space is above the average of its proportion in the total number of agents, all
groups considered). The fact that 1G1 consists of 23.6% of total users and are dominantin 30.5%
of streets where they pass through suggests they are more segregated than other groups in
their movements.
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Figure 5 - A picture of segregated networks: blue (low income), green (lower-middle), yellow (middle), orange
(middle-upper) and red (high income) groups. The larger map shows the dominant class network.
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1G1 1G2 1G3 1G4 (€]
1Ga 19.2% 10.4% 0.5% 0.5% 0.8%
1G2 29.9% 1.5% 1.7% 1.2%
1G3 4.3% 0.2% 0.3%
1G4 4.3% 0.7%
[€] 4.6%

Table 1 - Matrix of the proportion of streets (regarding the total number of streets) appropriated exclusively by a
single income group (italic), and the proportion of streets shared by different income groups in their daily paths.

Where are exactly the spaces that different social groups share? Poorer income users (IG1xIG2)
share much more spaces when appropriating the city, mostly in North and West Rio. Pairing
the poorer and the rich (IGixIGs), map show that the world-famous South Rio (Ipanema) is not
merely a segregated area marked by the dominating presence of the rich. It is a major area for
mutual visibility. Now considering the relationship between dynamic segregation and residential
segregation, how much do other income groups actually pass through territorially segregated
areas? We assessed this relation crossing the average income in residential sectors (census
blocks) with the average income of the dominant group passing through those areas (table 2).
However present in richer sectors, poorer groups (IG1 and 1G2) strongly concentrate in poorer
areas: 72.1% of IG1 trajectories happen in low-middle income sectors (S2). Richer users (1G4 and
IGs) still appropriate rich sectors (S5): 58.58% of IG5 trajectories happen in Sg areas. In turn,
middle-income and middle-upper income sectors (53 and S4) are open to more diverse income
groups (table 2).

1G1 1G2 1G3 1G4 (€]
Sa 9.1% 3.9% 3.6% 1.7% 5.2%
(%]
o
*g S2 72.1% 52.4% 28.0% 18.2% 17.2%
n
% S3 13.5% 30.1% 29.3% 15.9% 7-4%
9]
2 Sy 2.0% 8.4% 20.5% 17.5% 11.4%
)
o
S 3.3% 5.2% 18.7% 46.7% 58.8%
100% 100% 100% 100% 100%

Table 2 - Proportion of presence of income groups in residential sectors, considering local average income.

What does this pattern of overlapping imply in terms of potential encounters between socially
different users? What are the effects of different patterns of spatial trajectory on encounter
opportunities? We generated a social network analysis of agents grouped according to income.
Links show the number of potential encounters identified between pairs of income groups
(vertices in figure 6). The shorter and thicker each link is, the higher the number of encounter
between income groups. Encounters are seen as more likely between socially similar agents.
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Figure 6 - Intensity of encounters between different income groups.

Finally, where do class networks converge more intensely? What are the streets with more social
diversity, where ‘the other’ is more likely to be seen? We measured social diversity on the streets,
i.e. the level of superimposition of networks, through Shannon information entropy, calculated
as the participation of each class over the total number of agents (spaces with the presence
in equal shares of all income groups contain the highest entropy), and associated different
entropy levels with colours from blue to red (figure 7). Entropy was calculated for every street
segment; intervals were defined via natural breaks.

Entropy = — ZPilogz(PI-/Pr)

I

where F;is the total number of users with income i and Pt the total number of users passing by
every street segment

There is a small network of socially convergent streets, an interesting superimposition of
trajectories of users of all income groups around South Rio (Copacabana and Ipanema) and the
CBD (on the East). Spaces of social convergence are to be found in denser, busier areas like the
CBD and South Rio, or major centralities like Tijuca and Jacarepagua, a little to the North. These
are the most likely spaces to find socially different agents.
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Figure 7 - Entropy map showing in red the spaces with the highest social diversity

6. CONCLUSION: SPACE, TIME — AND SEGREGATION — IN SOCIAL NETWORKS

Changing the focus from social networks centred on agents to the networks of ‘encounters’
performed in daily trajectories as a key spatial and temporal event in the formation of social
networks, this approach must be seen as an experiment in identifying a ‘geography of
overlapped networks’ in urban space — and, following Freeman'’s definition, into segregation
as ‘restrictions on contact’. Of course such intent poses a number of questions: can poorly
overlapping networks be interpreted as segregation? Is ‘space sharing’ enough to depict
social integration? Unlike previous works, our approach is geared to trace movement, relate it
to patterns according to social differentiation (in this case, based on income) and assess their
role in inferred trajectories of agents in urban space. As a proxy to the scenario of potential
encounter and segregated networks, this experiment based on Twitter locational data can only
show trends within the trajectories of a limited number of agents. Nevertheless, it suggests
that different patterns of mobility lead to less opportunities for encounter, as seems to be the
case between poorer and richer users. If Freeman (1978) is right in asserting that segregation
operates through restrictions on contact, (the lack of) space sharing and co-presence are an
essential part of the experience of segregation.

Is a study based on Twitter data enough, however? Due to difficulties in generalising conclusions
from samples of self-selecting users (Longley et al, 2015), procedures assigning location and
income to users must be seen as a proxy rather than an actual scenario, as we insist. As such,
our study suggests that Twitter data is an invaluable means of identifying patterns of movement
of agents, with strong possibilities for understanding matters of social integration and equity.

Social media data are also a potential source for generating a precise ‘geography of encounters’
in a city, including the temporal dimension — a previously virtually impossible achievement.
Graphic and quantitative analyses of overlapping networks seem to add another layer to the
understanding of segregation through static maps of income levels and segregated activity or
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residential location in Rio (in that spirit, compare figures 3 and 5). This is the very purpose of
our proposition: to get closer to a temporal geography of potential encounters and segregated
networks of movement and the public spaces with different potentials for overlapping
socially different agents, for the first time monitoring and measuring through locational data
spatiotemporal differences in the appropriation of a city by members of different income
groups. Neither segregated movement nor potentials for overlapping networks is inferable
from income, activity or residential distribution maps alone.

In this sense, our approach suggests that the probability of encounter is impregnated with
spatiality, interacting actively with the structure of the street network to generate potentials of
convergence and co-presence of social groups. The odds of finding ‘the other’ seem distributed
according to the spatial and temporal frames of action of different groups within a city. The
paths of Twitter users suggest greater compatibility between certain users —and, by extension,
greater potential for interaction. On the other hand, differences in urban trajectories in daily life
may lead to the reduction of opportunities of encounter. This view into the space-time structure
of potential encounters also allows a form of bringing to the forefront the complexity of
segregation captured as a highly dynamic ‘disjunction of encounters’ at the level of trajectories
of agents, close to Freeman’s seminal definition of social segregation as ‘restrictions on contact’.
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ABSTRACT

This paper discusses the scope of the concept of gentrification with regard to the current urban
transformations in Vila Planalto, located at Brasilia’s central area. The neighbourhood was the
first provisional contractors’ camp to house workers, architects, contractors, and politicians
who participated in Brasilia’s construction. In 1988, after a long struggle of the residents to
stay, it became a historic heritage site, which started a process of constant changes and real
estate appreciation. Due to unforeseen circumstances, Vila Planalto became a fascinating site
in Brasilia’s socio-spatial landscape. Class conflicts are present here, threatening the right to the
city for underprivileged population.

The research aims to understand the process of Vila Planalto’s urban transformation, the causes
and effects of social displacement, and the limits society imposes to resist market forces. As
a hypothesis, we argue that public policies are determining factors for the physical and social
elitism of the place, whereas the transformations the residents introduced have been fixing
limits to the gentrification process. We examine the case under three aspects: socioeconomic,
configurational, and ways of living. We use a survey of quantitative and qualitative data, and two
years of ethnographic research, participant observation, and interviews. The study contributes
to Spatial Syntax by incorporating other analytical disciplines such as ethnography. The urban
configuration indicated the potential spaces of encounter and the ethnography allowed to
observe the daily life of those places.

The results indicate that public policies and infrastructure projects carried out in the area and
surroundings were decisive in the historical periods identified. InVila Planalto, the displacement
of the original and lower-income residents has been taking place gradually over time. There are
no large-scale private investments. Conversely, small entrepreneurs, newcomer residents, and
retired people came to believe that it is promising to invest in real state here.

The statistically observed social diversity conceals a reality of polarized social differentiation
that dates fromthe origins of the settlement: shacks built near posh villa-like buildings represent
two segregated classes which, in spite of their proximity, do not interact. In the same manner as
Vila Planalto is an urban fissure in Brasilia’s dominant order, conflicting uses of space withstand
gentrification and space disciplining inside its borders.
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1. INTRODUCTION

In several cities of Latin America and the world, the processes of ‘elitization’ of the urban space
have evicted the lowerincome inhabitants and users. This is the process of urban transformation
inwhichthe original population of deteriorated orimpoverished neighbourhoodsis progressively
displaced to places further away from city centres and replaced by a population with greater
economic, cultural and social capital. This process is defined as gentrification (Lopez, 2015).

Gentrification is urban transformation of a poor or low-income neighbourhood into a higher
income or middle class neighbourhood, either residential or commercial. This socioeconomic
change produces displacement, understood as the phenomenon that occurs when an
economically or culturally fragile group must move to a less valued location and be replaced by
a stronger group. However, gentrification is much more than a process of change in the social
structure of a neighbourhood, it also transforms different aspects of everyday life, especially for
the vulnerable population, which ends up being expelled (Janoschka & Sequera, 2014).

Inzulza(2012)examinescasesinLatinAmericaand proposesthe conceptof*Latin-gentrification”,
relating the processes to more local patterns inside a context of global strategies of urban
revitalization. Inthe same direction, Janoschka and Sequera (2014), discuss the decentralization
of the debate in the European context and the necessity to consider the specificities of each site,
by recognizing three key elements: 1) the role of the State in the definition of official policies;
2) The symbolic value of the gentrified spaces; and 3) the formalization of the economy and
the effort to discipline spaces. Leite (2007) adds a fourth relevant factor: 4) resistance against
gentrification and the counter-uses of the city (Leite, 2007).

Lopez (2015) emphasizes that the gentrification of Latin American cities denies the right of the
urban poor to occupy central and pericentral spaces. Gentrification is related to the loss of use
value against exchange value of space, which means that less favoured population are denied
the rights to certain sectors of the city. We understand the right to the city not only as a right to
centrality, but also as the right of the inhabitants to think, decide, build, and transform the city
and the rhythm of urban life, collectively, according to their wishes.

The case of Vila Planalto in Brasilia is a paradigmatic example of the relationship between
architecture and segregation. The neighbourhood has a privileged location in the Federal
District, located 1.5 km from the Three Powers Square and 3 km from the Central Business
District (CBD) (Figure 1). It began in 1956 as a temporary constractors’ camp for the companies
that builtthe main buildingsin Brasilia. After a process of resistance, in 1988, the neighbourhood
obtained permanence by being declared a Historical Heritage Site of the Federal District. In
1992 the residents received an allotment of the properties. This intensified physical and social
changes, and the neighbourhood began to lose the characteristics behind its classification as a
heritage site, as well as some of its original inhabitants.
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Figure 1 - Axial map of the Federal District indicating Vila Planalto.

During the period that it was a contractors’ camp, Vila Planalto was populated by workers,
engineers, and businessmen of the construction of Brasilia as well as politicians who sporadically
passed through until the inauguration of the new capital. Currently, this neighbourhood is the
result of the merged remnants of five contractors’ camps: 1) Tamboril, 2) DFL (Department
of Force and Light), 3) Pacheco Fernandes, 4) Rabelo, and 5) nine lots of EBE camp (Brazilian
Engineering Company), plus a Sector of small farms (Figure 2).
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Figure 2 - Map of Vila Planalto map indicating polygons of protection and heritage site area, remaining
construction camps, and points of interest
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Features, such as the declaration of historic heritage site (set of laws that protect some physical
characteristics), the condition of land tenure (impossibility of formal sale), the restrictions
imposed by the “force of architecture” (Holanda, 2013), and certain mechanisms used by
the inhabitants to stay in their space (Zarur, 1991) limit the process of gentrification in the
neighbourhood. Nevertheless, these factors have not prevented the neighbourhood from
becoming a middle-class sector because of changes in the built environment and especially the
elitism of uses and users of the public space.

In Vila Planalto, the great spatial diversity is related to a great social diversity. The spatial
configuration has been, in part, responsible for the stability of the population for more than fifty
years. Five decades after the city was inaugurated, market forces were not able to expel all the
low-income residents; manual workers continue to rent residences and move there (Holanda,
2013). However, the picturesque character and the location close to the CBD have increased
the prices for sale and rent of the properties as well as the restaurants and bars by outsiders.
Thus, many original inhabitants have moved, sold, or rented their houses, which has pressed
part of the older residents to move or to transform houses and local businesses into gourmet
establishments.

Before this process, a new phase of potential transformations was seen in the spatial
configuration, the socioeconomic structure, and the way of life of the inhabitants. The delivery
of property titles in 2014 and the formal sale of lots opened commercialization and access to
real estate loans, which further increased prices and generated the definitive replacement of
the poorest population by a higher income population. Thus, the main question of this paper is:
are there limits to the process of gentrification in Vila Planalto? The second question is about
the particularity of the neighbourhood, considered as an exception or fissure inside the Brazilian
capital: how is gentrification and its limits a product of local or global relations that affect the
city?

Our first hypothesis is that Vila Planalto is undergoing a process of gentrification with local
characteristics, but in a context of global urban policies. We start from the premise that the
neighbourhood is experiencing a process of gentrification of its space, but with limits, due to
the conflict between the legislation and the transformations introduced by the residents.

A second hypothesis is: public policies that operate in cultural heritage transform urban space
into a place of consumption and real estate speculation, which segregates and excludes low-
income residents. Therefore, the process of gentrification is accompanied by transformations
in the urban configuration (form-space relations) in the socioeconomic structure of the
neighbourhood (cultural and social characteristics) and in its inhabitants’ way of life (system of
coexistence and social relations).

The main goal of this paper is to discover and explain the process of urban transformation in
Vila Planalto, a case study for the analysis of gentrification in Latin America. Another goal is
to observe the different social practices that take place in the public spaces of Vila Planalto
to analyse the relations between physical form and society. In the context of the study of
gentrification, we incorporated a configurational approach and the application of urban
anthropology methods to understand the existing movements, pressures, and disputes that
could lead to displacement or expulsion.

2. THEORIES AND METHODS

2.1 SPACE SYNTAX THEORY

Among the various theories of urban space, the Space Syntax (Hillier and Hanson, 1984) is a
valuable analytical tool for the relationship established between social and spatial aspects of
urban configuration. Space Syntax Theory (SST) establishes relationships between categories
or attributes of two areas: 1) space (public or private) organised for human purposes, and 2)
social structure or modes of interaction of individuals and groups, social strata, and their power
structures (Holanda, 2001; Medeiros, 2006).
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The main focus of SST is the relationships between space and society. The theory highlights the
relationships between the spatial structure of the city and its buildings, the spatial dimension of
social structures, and social variables as an effort to reveal the logic of architectural space and
the logic of societies (Holanda, 2002).

For Hillier and Hanson (1984), space is constructed according to the forms of social solidarity,
which, at the same time, are products of the structure of society. For the authors, different
spatial forms are reflections of each society, because just as society has a spatial logic, socially
organizes space also has an intrinsic social logic to it.

The field of reasoning of SST are the relations between architecture and behaviour. The theory
studies potential movements of people and spatial life understood as a system of encounters
and avoidances. Space Syntax Theory establishes itself as a “bridge” between social life,
understood as a set of socioeconomic attributes that relate to spatial patterns; and spatial life
understood as a system of potential movements.

2.2 GENTRIFICATION

The theory of gentrification studies the processes of urban transformation in central and
pericentral areas of cities and how these transformations relate to other global and local
economic and political processes. Smith (2012) comments that the term ‘gentrification’ has
evolved from describing aspects of residential changes to the study of capital reinvestments in
urban centres as a mechanism for producing space for progressively more affluent users.

According to Lees et al. (2008), gentrification is deeply rooted in social dynamics and economic
trends. Characteristics, effects, and trajectories are determined by a variety of reasons, such
as local context, physical configuration, social characteristics of neighbourhoods, local actors’
positions and objectives, city functions, the nature of economic restructuring and policy of local
governments (Lees; Slater; Wyly, 2008).

The literature about gentrification organises theoretical formulations into two main trends.
The first is by the supply of private space producers, who try to create, in urban centres, points
of interest for the high-income population in partnership with strategies of public authorities.
The second is the perspective adopted in this study, of the demand of the middle classes to
recover territories and to return to the centres, after having lived in gated communities in the
peripheries, mainly in waves stimulated by the real estate market.

The main axioms of gentrification explainhow these processes are related toreal estate markets,
constituting a return to urban centres, but a return of capital and not necessarily of people
(Smith, 2012). In Latin America, Ldpez (2015) recognises that three aspects are connected to the
causes of gentrification: 1) public policy macro-transformation in the city to the repositioning
of the metropolitan economy in the global market (city marketing); 2) public investments in
accessibility and mobility, through macro-scale transformations; and 3) micro-economies in
the land market, where the higher-status private agents restructure and capitalise revenues,
which assure certain continuity for the location of popular housing, fostering or accelerating
the expulsion process.

In the gentrification of Latin American cities, the action of local and national governments is
fundamental. The ambition of some socioeconomically high classes is not enough, it is also a
result of complex pro-business public policies that maximise the economic value of urban land.
The result of gentrification in Latin America is land and housing markets that increase access to
the restructured spaces for the upper classes, while restricting the access to housing for lower-
income segments that end up displaced, evicted, or segregated from the location (Lépez, 2015).

2.3 HUMAN ECOLOGY

The transformations affecting large cities in the early twentieth century prompted sociologists
at the University of Chicago to undertake innumerable investigations and became the main
heritage of urban anthropology. Robert E. Park and Louis Wirth represent two of the leading
exponents of Human Ecology — they study the sociological structure of the city.
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In his text The City: Suggestions for the Investigation of Human Behaviours in the City
Environment (1915), Park considers large-scale urbanism but also notes the city details,
especially in neighbourhoods. On a larger scale, the city can be defined, first, as a material
organization, with its physical form, its geometry, or from a spatial perspective, as the relations
between the “fulls” and “voids” — or solids and spaces; and second, as a moral organization, an
expression of human nature and of a particular culture, which possesses customs and traditions

(Park, 1999).

Wirth, on his part, in Urbanism as a Way of Life (1938), formulates a scientific definition of
city. He concentrates on identifying the characteristics of urbanism as a differentiated form of
life with a focus on the inhabitants. For the author, cities shape the character of social life in a
specifically urban form, which dominates and influences a space (hinterland) sometimes larger
than the city itself (Wirth, 2005).

One of the main formulations of urbanism as a way of life is to acknowledge three points of
view to observe the city: 1) physical structure (ecological order); 2) system of social organization
(structure, institutions, and social relations); 3) set of attitudes and ideas (different personalities
that result in a collective behaviour subject to mechanisms of social control).

Human Ecology defines its main axiom as: large cities represent laboratories of collective
behaviour and are in constant tension due to conflicts over space. These conflicts create
boundaries, demarcated within the city, that delimit the natural areas of groups and their
patterns.

2.4 METHOD

The field of research on gentrification has no defined methodology, and the research paths are
diverse and respond to each case. In this work, the case is studied with a mixed design, which
is considered adequate for investigations that relate to the phenomenon under study and the
social context in which it happens. The mixed design includes quantitative and qualitative
techniques in data collection that control a reduced number of variables. The hypothetical-
deductive method and observational procedures are also used. The method starts from a
problem, for which an attempt is made to explain the theory, and then to test and eliminate
possible errors, giving way to new problems (Gil, 2008).

For the development of the socioeconomic analysis, it was necessary to reconstruct the
history of the neighbourhood from the events raised in previous surveys, official documents,
judicial and legislative proceedings, census data, and 15 surveys in the Tamboril camp. The
configurational analysis of Space Syntax allowed the examination of the possible relations
between the inhabitants and their space from the analysis of current and historical global
integration axial maps and correlations with surveys of land use and others. The ethnographic
research, used to analyse the way of life, is a research method in which the daily life of a specific
social unit is perceived, through direct observation and interviews. We analysed more than 30
interviews with residents in public spaces and two years of participant observation as a resident
of the neighbourhood.

3. RESULTS

The urban history of Vila Planalto allows us to identify four periods: 1) provisional (Coélho,
2011), between 1956-1964; 2) abandonment, stigmatization, and resistance, between 1964 and
1988; 3) official declaration as historical site, colonization, and urban transformations, between
1988-2010; and 4) Vila Planalto gourmet, real estate valorization and consumption of cultural
heritage, between 2010-2015.

The first period is the boom and, immediately after, the dismantling of the camps. With the
departure of the companies from the camps in 1961, the Vila was abandoned. The majority of
the population lived in a precarious situation and a minority had better conditions.
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The second period begins with the military coup (1964) and continues through long years of
resistance against removals, until the recognition as a heritage site in 1988. This period can be
understood as a first phase of the process of gentrification, a stage of apparent abandonment
and stigmatization.

The third period begins with the legalization of the neighbourhood (1988) and extends until
2010. The legalization began a second stage of gentrification, a phase of speculation that
resulted in a notable increase in property and living costs. In 1992, with the granting of use
concessions, real estate speculation increased. Since the end of the 1990s, with the installation
of basic infrastructure, the neighbourhood has experienced raising costs of living, which
increased after 2000, with the construction of gated communities, luxury hotels, and nightclubs
on Lake Paranod'’s shores, nearby.

It the fourth period, since 2010, the number of bars, restaurants, and shops has increased.
In 2010, the government tried to strengthen the neighbourhood by making it a place of
consumption and leisure with a gastronomy pole project. This period corresponds to a third
stage of gentrification, with the commercialization of the space and the displacement of the
poorest original inhabitants.

The four historical periods are strongly determined by the public policies implemented, which
mark pivotal points in the history of the neighbourhood. The periods are similar to the steps
described in the global gentrification literature. With the delivery of the first property title in
2014, a new stage in the gentrification process was expected. Land regularization contributes
even more to the valorization of the land and the building standards are modified, losing what
remains of the architectural, urban, and social attributes of the historical site.

The replacement of the original residents has been constant since the official declaration as an
historical (heritage) site. However, the displacement of the lower-income population (pioneers
or otherwise) has been greater in recent years, with the increase of commercial establishments
and the sale and rent of houses. Several houses had selling prices over 2 million reais (USD
560,000). In interviews at the Tamboril camp, owners comment that they would only sell above
3 million reais (USD 850,000). This could incorporate new agents and larger capital in the
process of gentrification of Vila Planalto.

Analysis of the 2000 and 2010 censuses in Vila Planalto shows an increase in residents who are
renters (from 24% in 2000 to 36.3% in 2010). For the head of household’s income, the lowest
incomes increased - up to 2 minimum wages (MWs) (from 35.5% to 47.9%) - and all the highest
wages fell (more than 20 MWs from 5.3% to 2.5%).

HOUSEHOLD INCOME IN
VILA PLANALTO AND SURROUNDINGS
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Graph 1 - Income of the head of household in Vila Planalto and surroundings.
Source: Census IBGE 2000, 2010.
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Whenwe considerthe surroundings of the neighbourhood (Graph 1), the situationisthe opposite,
incomes above 10 MWs increased (from 18.2% in 2000 to 32% in 2010) and all the lower ones
fell. These results could have a correlation with the inhabitants’ race or colour: in 2010 there
were more mixed-race residents (pardos) in the Vila (47.7% in the Vila as opposed to 41.5% in
the Vila and its surroundings) and blacks (8.3% vs. 7.4 %); when we consider the surroundings,
there were more whites (42.3% in the Vila, and 49.3% in the Vila and its surroundings). Between
2007 and 2010, within the neighbourhood, whites increased (from 34.1% to 42.3%) and blacks
decreased (from 14.3% to 8.3%), along with mixed-race residents (from 51.5% to 47.7%) (Figure 3).
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Figure 3 - Map of population distribution according to race or colour in Vila Planalto and
surroundings. Source: based on the IBGE Census, 2010.

In Figure 4, it is possible to observe the internal differences in the distribution of rents by
encampments and in the surrounding census sectors. There is a contrast in the income ranges

between the lakeside condos (Sports Clubs Sector - SCEN and North Hotel and Tourism Sector
- SHTN) and the camps of the Vila, with the exception of the Tamboril camp.
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Figure 4: Map of the distribution of household income in Vila Planalto and surroundings.
Source: based on the IBGE Census, 2010.
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The configurational analysis allowed us to recognize some important points in the urban
evolution of Vila Planalto. The diachronic analysis of the axial maps illustrates how the road
network was transformed by the inhabitants according to their needs. The transformations
made by inhabitants make the road network even more irregular and fragmented. Those
conditions are expressed in the reduction of connectivity, the average line length, and the
increase of the number of lines in the system (figure 5).

Within the time-span under study (1965-2012), three periods can be considered. The first one,
concerning which it was not possible to prepare a map, corresponds to the time of greatest
rhythm in the construction of Brasilia. Between 1956 and 1964, the Vila was structured by the
State, and up to 22 camps were organized, in which segregation and control of space use were
extreme.

A second stage took place between 1965 and 1988, with the departure of the builders. They
reduced control devices over space and daily life, at the same time that the dismantling of the
social equipment began. The Vila went through constant removal attempts. The structure of the
urban layout was fragmented, the global lines disappeared, and the axes were concentrated in
the space corresponding to four camps.

The third period occurred after the official declaration as an heritage site, from which the
legalization of the settlement occurred and the transformations have speeded up (Coélho,
2008). There is a densification process and an increase of the urban settlement through the
occupation of empty spaces in between the ancient contractors’ camps. The result was an
extremely fragmented and irregular layout.

Figure 5 - Historical axial maps of Global Integration Rn.

The analysis of the axial maps revealed the transformation of the urban configuration, towards
a greater urbanity. For Medeiros (2006), urban structures and their resulting forms, on the one
hand, are the formal, planned, regulated, legal, and, on the other hand, are informal, organic,
illegal, and spontaneous. For Holanda (2002), it is possible to recognize two historical trends,
what he calls the “paradigm of formality” and the “paradigm of urbanity”. “Formality” concerns
what is not spontaneous and something conventional that represents a hierarchy and a sense
of authority. “Urbanity” alludes to qualities such as the courteous, affable, and continuous
social exchange. Thus, with the transformation of the urban network, which adapts towards
an increasingly scarce, irregular, and informal layout, the neighbourhood acquires greater
urbanity.
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Informality is also expressed in the fragmentation of the plots, new land occupied in irregular
areas, the‘verticalization’ of the buildings, and the consequent loss of the physical characteristics
thathadledVilato be declared as a historical site. Becoming a legalized settlement, nolongeran
irregular borough as far as urban norms were concerned, was important to make Vila Planalto a
more desirable place to live. Because it was forbidden to change the features of houses, one of
the mechanisms that people used for their stay was to conceal eventual changes through varied
devices. The structure to control the space of the camps was corrected by the dynamics of the
social processes, which modified the space by the needs of the population and by pressures of
land rising values (Kohlsdorf, 2010).

Between 2009 and 2013, commercial uses (from 2.3% in 2009 to 4.7% in 2013) and mixed use
—residences + commerce and services — have increased (2.5% to 6.7%). Consequently, the use
of single-family homes decreased (82.7% to 71.9%) and multi-family housing increased (from
7.9% to 14.8). The appearance of commercial premises, as well as the increase in the height
of the 2-storey buildings (18.4% to 28.2%) and the decrease of the lots with a constructed
floor (79.6% to 68%) confirm the increase of irregular constructions (just one storey building
is permitted by law), and show the potential growth of intensity in the urban dynamics of the
neighbourhood (graph 2, 3).

LAND USE HEIGHT OF BUILDMNG

LTI T oo = ELP% e 2065

AL THE ERAL T RSN AL 6,00
=
sl nnaLano il LS .
CTLE TR | e
MR Tams 0 A &l -
LT e BA%
[T i
il e - - o
uMpRCORTIACTION [T LTS %

1 FLOOR T RLO0E FFLOORS

i P B 0N A AR BN MW BDN G0N

w PORCINEAGE PO  mRCENTAGE M1 BFLRCINTAGT MNP PIRCENTAGE 2015

Graph 2 - Land use percentage in Vila Planalto from 2009 to 2013. Graph 3: Height of building for 2009 to 2013.
Source: Based on Seduma - CODEPLAN (2009) and data survey in situ.

The configurational analysis showed how society changed its space from social formality and
control, during the construction of Brasilia, to an informal space with an irregular road network,
intense commercial activity, and a strong condition of urbanity, which reflect the different
relations that took place in Vila Planalto.

Studying the way of life made it possible to recognise some important aspects of the daily life
of the residents. The legalization meant the beginning of the process of gentrification, with
the arrival of the middle class sectors, mainly civil servants and professionals. The case study
would fit into the concept of symbolic gentrification (Janoschka; Sequera; Salinas, 2013), as it
has happened in other neighbourhoods in which cultural heritage is involved with tourism and
leisure in Latin America.

Theinterviewsrevealedthattherelationships betweenthe olderresidents of the neighbourhood
and the new residents are almost non-existent, just as their ways of life do not seem to mix in
the urban space. However, some significant spaces in cultural practice are recognised, such as
some squares and Geraldo’s Warehouse, a place where individual trajectories coincide and the
daily needs of the most diverse inhabitants are fulfilled (Certeau, 1996).

We identified several types of residents: 1) original residents (pioneers); 2) colonisers arrived
after the declaration as a historical site (civil servants); 3) new middle classes (young students
or professionals); 4) Counter-gentrificators, popularization (manual workers).

The former residents come from two different stages in the history of the neighbourhood. The
original inhabitants correspond to the pioneers, who have been present for more than 5o years,
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since the time of the construction of Brasilia. They are made up of retired civil construction
workers or of families who have moved from the removed Vila Amauri to Vila Planalto.

Another group corresponds to the first gentrifiers or settlers of the neighbourhood, composed
of public service employees or professionals from other areas who arrived in the neighbourhood
twenty years after its declaration as a historical site. They bought the concessions of use from
the original inhabitants. Then began a slow arrival of other middle- or upper-middle-class
inhabitants and the gradual appearance of commerce and restaurants oriented to a higher-
income population.

New residents come from different social classes and different lifestyles. On the one hand,
there are immigrants coming from the northeast of Brazil or from other countries, including
students and people working in the same neighbourhood. Most popular sectors arrived from
the satellite cities to rent informally in the backyard lots, contributing to the popularisation of
the Vila. This contrast can be observed in Figure 6.

Figure 6 - Brasilia Street, Rabelo Camp, Vila Planalto 2014.

The urban space of Vila Planalto represents a space of routine and transgression of the individual
life story of its inhabitants, where streets, squares, bars, and markets are potential places of
social engagement and conflict (Giannini, 2013). Despite the strategies of elitism, there are
certain transgressions or visual nuisances such as: street people drinking cachaga and enjoying
playing cards in Nelson Corso Square, young people smoking marijuana under the shade of
a tree in Church Square, or selling drugs in the Mechanical Workshops Sector, among others.
These actions form the counter-uses that transform space into contested places and conflict.
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Figure 7 - Map of visual integration and security cameras in Vila Planalto

However, the subversion of illegal acts is repressed by the police and by surveillance devices —
as in the large number of security cameras installed in the houses that watch part of the public
space (Figure 7).

4. CONCLUSIONS

Several cities around the world have simultaneously experimented with various forms of
gentrification with asymmetrical processes of capital restructuring, significant flows of people
from high and medium incomes, and the displacement of lower income residents through the
privatization of central urban areas.

In the southern hemisphere, there have been multiple gentrification processes. The examples
of Latin-gentrification (Inzulza, 2012) affect mainly patrimonial areas. The life story of the
people who live in these neighbourhoods is affected by the rise of neoliberal policies aiming
at sustaining or stimulating gentrification. Gentrification policies are part of global urban
revitalization strategies, but there are - in most cases of symbolic gentrification - local patterns.
In these cases, gentrification transforms, in addition to the constructed landscape and the
socioeconomic structure, the daily life of the residents who manage to remain, reinterpreting
the significance of and re-appropriating places.

As to the first research question, we can say that the potential limits to the process of
gentrification in the neighbourhood, created by the appropriations and practices of the
inhabitants in the occupation of urban space, are limits to gentrification or counter-gentrifying
fissures.

The history of the neighbourhood and the practices of its residents create spatial and symbolic
demarcations that limit the advance of spatial elitism. However, these boundaries are
circumstantial and can be modified or eliminated by legislation or the disciplining of space.

Regarding the second question, we conclude that the process of gentrification of Vila Planalto,
despite its peculiarities, is similar to other cases of symbolic gentrification in Latin America,
mainly in historical centres.

To conclude, we refer to the hypothesis of the work. After the analysis, we can affirm that the
gentrification of the neighbourhood is a silent process that occurs in a small and local scale. We
did not identify large investments of capital acting in the physical transformations.
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The neighbourhood offers real estate development, commerce, and services that are
differentiated according to the demands of each social class. On the one hand, kitchenettes,
rooms, and open spaces with more popular activities; on the other hand, apartments, houses,
and commercial activities for high income layers, constituting a socio-spatial polarisation. This
polarisation is observed in social relations, in the use of public space and in the structure of the
road network. From the correlation between Space Syntax analysis and ethnographic research,
we recognise that Vila Planalto is divided into two parts. First, an edge of longer routes and
connected with the rest of the city, with an offer of more elitist uses. Second, an internal centre
of short and difficult access roads, with more popular uses.

In relation to the second hypothesis, we can affirm that the policies implemented in the
territory, considered as a cultural asset, were relevant in the different periods of physical and
social transformation. The official declaration as a heritage site was based in a renewal project
developed by technicians, academics, and residents; but this was ultimately transformed
according to the interests of politicians who generated a clientelist relation with the
population. The declaration as historical site was important to consolidate the neighbourhood
as a desirable place to live, initiating its process of gentrification. At the same time, the law
was not able to preserve the attributes of the neighbourhood as a cultural heritage site, which
was mischaracterized by real estate speculation. New laws and decrees have sought to foster
tourism and leisure, and bills seek to increase the building potential and the height of buildings
in the neighbourhood. The delivery of property titles to longstanding residents, which responds
toan old desire of the inhabitants, can foster significantincreases in real estate values and finally
cause the total displacement of the poorest population. Will Vila Planalto become extensively
gentrified?
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ABSTRACT

This paper investigates the mutual effects of cultural diversity and neighbourhood change in
three historic neighbourhoods in Istanbul. Through history, some neighbourhoods in Istanbul
have been home for people from different cultural and religious backgrounds. In some of
these neighbourhoods, cultural diversity still exists. Some other neighbourhoods lose cultural
diversity over time. The main reasons of this loss are socio-economic and cultural change,
due to gentrification, decay or renewal. The study puts forward a comparative diachronic
analysis of the three neighbourhoods, inspecting the relations between cultural diversity and
neighbourhood change using space syntax. The change takes place in three levels: the level of
socio-economic change, the level of physical change and the level of cultural diversity.

The results of the study show that historic neighbourhoods process continuity and change
in their own ways. Samatya and Fener, undergo partial neighbourhood decay resulting in
downgrading, decay on the built mass and segregation. They respond to cultural diversity
differently. Kuzguncuk, is an example of neighbourhood gentrification, which maintains cultural
diversity in a more balanced way due to high aesthetic qualities of the buildings, high local
integration of the main street, and highly integrated main routes through the neighbourhood.

KEYWORDS

Diachronic research, Space Syntax, cultural diversity, historic neighbourhoods, urban
transformation

1. INTRODUCTION

The aim of this paper is to examine the long-term effects of the change of cultural diversity
in three historic neighbourhoods in Istanbul. Three case studies from Istanbul are examined
to answer two research questions. How can cultural diversity contribute to historic
neighbourhoods’ continuity or change? What are the effects of historic neighbourhood change
to cultural diversity?
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The study first provides an in-depth literature review of cultural diversity in the context of
historic neighbourhoods. The paper further investigates the effects of cultural diversity
over neighbourhood continuity and change. It explains and exemplifies the formation and
development of historic neighbourhoods and contributions of cultural diversity. It also tackles
various scenarios that may happen in historic neighbourhoods, such as ethnic or cultural
segregation, gentrification, neighbourhood decay and regeneration issues.

The proposed methodology consists of a comparative diachronic assessment of cultural
diversity for three historic neighbourhoods in Istanbul: Kuzguncuk, Fener and Samatya. On
a neighbourhood scale, axial and visual graph analyses are combined to make a diachronic
interpretation on isovist levels and integration of cultural hubs and settlement patterns of
different cultural groups in the neighbourhoods.

2. CULTURAL DIVERSITY AND NEIGHBOURHOOD CHANGE

The neighbourhood, as a unit of dwelling has a cultural signification. Mills (2004) defines
the contemporary “mahalle” as an “urban cultural space created by social practices of
neighbouring”. The concept of neighbourhood in the context of Turkish “mahalle” encloses
collective memory, and familiarity. It also promotes common values and needs creating bonds
between all neighbours (Fisher, 1984 in Choguill, 2008). Recently, cultural change has been
effective on Istanbul, but historic landscapes such as the old “mahalle” still signify the collective
memory of its residents. However, Mills argues that these social practices are decreasing in
contemporary Istanbul (2004).

Two main reasons are stated to promote this decrease in Istanbul’s historic neighbourhoods:

e The loss of cultural diversity caused by the displacement of minority groups to newer
areas in the city,

e The change of socio-economic factors in the city causing circumstances such as
gentrification, decay and renewal.

Cultural diversity in neighbourhoods has been a factor in forming the socio-cultural balance of
a neighbourhood. Cultural diversity involves neighbourhood heterogeneity (Cheung & Leung,
2011) as a result of dense city living (Lees, 2008). Cultural diversity also enables expressing
group identity on the urban pattern, architecture, commemorative sites, street names and also
forming collective urban memory through tangible and intangible traces as a result of everyday
life interactions (Hebbert, 2005). In the historic neighbourhoods of Istanbul, usually several
ethnic and cultural groups reside together due to Istanbul’s multi-cultural past. Istanbul houses
several minority groups, mainly Armenian, Greeks and Jews who are settled into many historic
and newer neighbourhoods, as well as migrant groups as a result of a major domestic migration
movement from Anatolia to Istanbul and other major Turkish cities in the 1960s.

Cultural diversity has effects over neighbourhood continuity and change. Neighbourhood
change is an economic, physical as well as a socio-cultural issue. Cultural segregation and
economic upgrading/downgrading of the neighbourhood is effective on how migration patterns
are formed. These migration patterns, in-migrants, out-migrants as well as non-migrants
(Teernstra, 2013) determine the physical and socio-cultural consequences.

Various urbanissues such asdisplacement, ethnicor cultural segregation, neighbourhood decay,
gentrification, illusion, renewal and regeneration inevitably happen in historic neighbourhoods,
which go through a loss of socio-cultural balance. These issues result in migration scenarios and
change in the residential composition (Hochstenbach & van Gent, 2015) like white flight or out-
migration of people due to a traumatic event (displacement), in-migration of the lower income
migrants, in-migration of gentrifiers and out-migration of the lower income migrants.

The out-migrants leave the neighbourhood they live in, as a result of displacement due
to a traumatic event or white flight. The in-migrants are those who arrive as a result of
neighbourhood change: This replacement can be economically downgrading such as in the
example of ruralincomers to decayed neighbourhoods. Such “disadvantaged neighbourhoods—
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including decaying infrastructure, lack of services and institutions, and a lack of organizations
that foster social connectedness—can hamper residents’ abilities to maintain ties or form
new relationships” (Cornwell& Behler, 2015). This change can alternatively be economically
upgrading such as in the example of gentrification, a process of urban migration pattern
that promote higher-income population to move into a neighbourhood, while lower-income
residents are gradually displaced. First-wave of gentrification has lower impact on upgrading
market values, however mature gentrification results in waves of gentrifiers with higher-income
to move in (Hochstenbach & van Gent, 2015).

neighbourhood
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Figure 1 - Interrelations of cultural diversity and neighbourhood change

As well as incremental changes in neighbourhoods such as gentrification and neighbourhood
decay, top-down and abrupt processes are also present, such as urban renewal or
implementations of illusory urban spaces. However, Massey (1995) argues that the identity of a
place is not necessarily subject to change and destruction by new importations. The identity of
a place is primarily formed by urban memory. Cultural hubs play a primary role in determining
how a historic neighbourhood is dealing with change. They provide an environment for cultural
groups to integrate in the neighbourhood, place attachment, and in long-term local values that
promote cultural diversity.

3. DATASETS AND METHODS

As discussed in the previous section, neighbourhood change and cultural diversity are
interrelated concepts in the context of historic neighbourhoods. Previous studies on spatial
capital and urbanity show that there is a strong correlation between accessibility, density and
diversity in urban settlements (Marcus, 2010). The paper tries to uncover to mutual effects of
cultural diversity and neighbourhood change, measuring visual accessibility of cultural hubs
and social and physical interrelations of cultural groups on three different case studies.

The paper attempts to answer the following research questions:
e How does cultural diversity contribute to historic neighbourhoods’ continuity or change?
e What are the effects of historic neighbourhood change to cultural diversity?

The methodology of the case study attempts to answer the first research question by measuring
the cultural diversity of the neighbourhoods using a diachronic approach. The approach is based
on the spatial-locational histories (Griffiths, 2012) of three neighbourhoods and the mutual
relation of morphological (syntactical) history and the “history of events” (Hanson, 1989;
Griffiths, 2012) that occur in these spaces. The “history of events” is illustrated on a timeline
that draws the major events and changes for the neighbourhoods. Some distinctive historical
maps are chosen to infer the effects of historical events and change of cultural diversity on
morphologic-syntactic change of the neighbourhoods. The morphologic-syntactic change
also explains the socio-cultural alterations and issues such as decay, gentrification, renewal or
illusion.
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The comparative space syntax analysis puts forward the alteration of the integration levels of
cultural hubs and dwelling patterns formed by cultural and ethnic groups (especially minorities)
in different periods in history to determine how cultural diversity is affected by change.

Cultural hubs can be defined as buildings or landmarks having historical and cultural significance
forthe neighbourhood. They play a role in creating place attachment for communities and local
touristic values for visitors. The spatial features of specific locations can be measured with
the space syntax’ visual graph analysis. The integration value of a specific location on the grid
determines the level of visual perception and accessibility of that location in relation to all other
points on the grid. Centrally located, perceivable buildings found on longer streets tend to be
more integrated in the neighbourhood. Buildings found on secondary streets tend to be more
segregated. The isovist values determine if the cultural hub has a higher perceptional level in
terms of the area and the perimeter of the isovist. That means, if the building is opening to a
larger street or a public square, its isovists tend to have a larger area and perimeter than those
opening to a smaller and segregated street.

Settlement patterns are measured with global and local integration analyses of cultural groups’
physical footprints. This analysis determines cultural groups’ juxtapositions on neighbourhood
level. The axial analysis gives the results of how cultural groups settled and integrated into the
neighbourhood throughout history. These results give ideas about the inclusion of the groups in
the area. If they are globally integrated, it means that they are more visible in the totality of the
neighbourhood, and that they are placed on main roads, socio-economically integrated areas.
If they are locally integrated, they are included into the neighbourhood on a social level. Locally
integrated areas are mostly successful in social inclusion and liveability.

The answers to the second research question are given in the conclusion as an interpretation
of the space syntax study findings. Space syntax interpretations are comparatively made
according to three parameters: the level of physical change, the level of social change and the
level of cultural diversity. For each parameter, the study provides findings based on observation
and qualitative research, additionally to the space syntax findings. There are two indicators of
physical change: first is the alteration in the integration and isovist value of the cultural hub,
and second is the change in the physical condition of the building. The indicators of socio-
economic change are the alteration in the settlement pattern integration levels, socio-cultural
and economic conditions of the inhabitants, and property prices. The indicators of cultural
diversity are the interrelations between settlement patterns of different cultural groups and
the events causing a change in the cultural diversity of a neighbourhood.

Space syntax indicators Other indicators
. VGA integration and isovist value of the cultural . . _—

Physical change hub 9 physical condition of the building
Socio-economic alteration in the settlement pattern integration socio-cultural and economic conditions
change levels (axial analysis) of the inhabitants, property price

. . interrelations between settlement patterns of events causing a change in the cultural
Cultural diversity . T .

different cultural groups diversity of a neighbourhood

4. RESULTS

The study explores the issue of cultural diversity and neighbourhood change over three cases
studies in Istanbul: Kuzguncuk, Samatya and Fener. These are historic neighbourhoods, which
has been home fora variety of cultural and ethnic groups. Currently, all of these neighbourhoods
are experiencing change related to urban issues such as renewal, gentrification or decay.

Kuzguncuk is a neighbourhood in the Asian coast of Istanbul. It is known as one of the most
welcoming neighbourhoods to different ethnic and cultural backgrounds. Kuzguncuk has been
home for Armenians, Greeks and Jews of Istanbul for a long time as a mixed neighbourhood
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(Akin, 1994). Many sources refer to Kuzguncuk as Chrysokeramos. However, many historians
have not agreed this idea (Bektag, 1996). Incicyan supports the view that the name Kuzguncuk
is a derivation from “Kosinitsa”, the old name of the district (Incicyan, 1976; Bektas, 1996).

Kuzguncuk was known as a Jewish neighbourhood. When Jews settled in the neighbourhood
is still unknown. Armenians started to settle into the area in 18th century, and started to grow
their community in the 19th century (Bektas, 1996). Jews, Greeks and few Armenians were
residents of Kuzguncuk up until 1g9th century.

“Minorities left Istanbul in response to the frightening political climate between the 1940s and
the 1960s. During this same period, rural-urban migration from Anatolian villages created a
cultural shiftin the old mahalle (neighbourhood)” (Mills, 2004). A tangible and intangible offense
towards Istanbul’s non-Muslim people is realized towards especially Greek residents during 6th
and 7th of September 1955. It caused a trauma followed by a displacement of minorities in
Istanbul *. There had been also minority groups moving to newer areas in Istanbul as a result
of this incident. Today, the majority of Kuzguncuk residents are formed mostly by Black Sea
migrant community, caused by mainstream migration to larger cities in late 1930s until 1960s.
Non-Muslims residents decreased in number (Mills, 2004).

Figure 2- Photos of the Kuzguncuk area

1 The Istanbul riots (or September events) were organized attacks towards Istanbul’s Greek minority on 6—7
September 1955. The events were a result of the false news that the Turkish consulate in Thessaloniki had been
bombed the day before.

The riots assaulted Istanbul’'s Greek community during 6 September evening until 7 September morning. Over
a dozen people died, although killing was not aimed. Armenians were also harmed. Riots continued until the
government declared martial law in istanbul and called the army force.

Istanbul riots increased the emigration processes of Greeks from Turkey, especially in Istanbul region. The Greek
population of Turkey decreased from 119,822 in 1927, to approximately 7,000 in 1978. In Istanbul, the Greek
population decreased from 65,108 to 49,081 between 1955 and 1960.
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With the first wave of gentrification in Istanbul in the 1980s, Kuzguncuk became one of the
popular places (Ergun, 2004) where architects, poets and artists started to live. Famous
architect Cengiz Bektas, who played part in the gentrification of the area, buying a house for
his family and making participative planning and renovation processes without charge (Ergun,
2004; Uzun, 2002), has inspired them to move to the neighbourhood.

Samatya is also a multi-cultural neighbourhood situated in the European coast of Istanbul.
Samatya was named Psomathia, which means sandy lands (TiUrker, 2010). In its ancient name,
Psomathia was one of the prestigious neighbourhoods because of its location near the Golden
Gate (Hrisi Pili) of Constantinople in the Byzantine era. Victorious emperors were coming back
to the city through this gate.

After the Ottomans conquered Istanbul, the Ottoman Empire made a call for other non-Muslim
groups to settle in the area. Especially, the Ottoman Empire encouraged the settlement of the
Armenian citizens in the neighbourhood by assigning the old Byzantine church to Armenian
community. It functioned as a Greek Orthodox Church in the Byzantine era. A short time after
conquering Istanbul, the Ottoman Empire converted this church to the Armenian Patriarchate
of Istanbul. Armenian community still resides around the church currently named as Surp
Kevork Armenian Church, after the Armenian Patriarchate moved to Kumkapi.

During centuries Greek, Armenian and Jew communities formed the majority of dwellers
in Samatya. The Jew community had to leave the neighbourhood, as their houses were
completely wiped out in a fire in the mid-1700. During and after the westernisation processes in
the 1800's, many renovations have been made to maintain cultural heritage. These renovation
and revitalization processes are also a result of many uncontrolled fires that happened in the
18th and the 19th century. An orthogonal plan in Samatya was designed and implemented,
after a long period of organic incremental planning. This new plan reduced the fire risk. The
largest effect was that the neighbourhood'’s spatial layout changed radically (Celik, 1986).

Figure 3 - Photos of the Samatya area
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Samatya was one of the places where 6th and 7th September 1955 incident was devastating
because of its high number of non-Muslim residents. Many houses, shops, cultural buildings
such as schools and churches have been destroyed. Non-Muslim women and children have been
abused. Many Greek residents left the area after this incident (Mills, 2004). The neighbourhood
suffered for a long time from a trauma caused by this incident. This incident was significant
in terms of the balance of non-Muslims and Muslims residing in the area. A major part of the
minorities, especially the Greeks left the city because of the trauma. A large amount of Kurdish
and Turkish residents settled in their places in the neighbourhood.

Feneristhethird caseinvolvingamulti-culturalneighbourhoodenvironment.The neighbourhood
is in close relation with Balat where a large Jew community resides. The neighbourhood
existed in the Byzantine era. It has been home of the Greek Patriarchate and the centre of
the Orthodox Church. Fener was an upper-class Greek neighbourhood in the Ottoman period
until the 1960s (Belge, 2003, Akkar Ercan, 2011). Fener has also important historic buildings
designed by Greeks. Wealthy people moving out of the neighbourhood, replaced by poor in-
migrants and the contamination of the Golden Horn caused the rapid decay of Fener as well
as Balat (Ozbilge, 2005, Akkar Ercan, 2011). The coastline was cleared. However, the measures
taken have not been sufficient to stop deterioration. Fener is under threat of decay losing the
integrity of its nineteenth-century grid plan, ornamented facades and important buildings such
as churches, mosques and synagogues (Akkar Ercan, 2011). Fener underwent a regeneration
initiative that was possible due to HABITAT Il proposing ‘integrated rehabilitation’ for historic
neighbourhoods of Istanbul based on simplistic measures taken by the inhabitants to preserve
heritage and decent life standards (Altinsay Ozginer, 2009, Akkar Ercan, 2011).

A timeline concerning the major changes and events in these neighbourhoods is given in figure
4 to illustrate the comparative timeframes of the case studies.

1830S 1930 1960S 19905 120108

fire 6-7 'EiEpt 1955 1stiwave gentnﬁcatnﬁn KILZGUNCILK

.I"‘".ii"‘i"l‘i-l‘i"i-l‘l..'i.l.Ii..i.iliI‘..il.Ii“i.‘i.‘i.‘i

lower-income migrants Q.nmﬁ.s: settle

settle(Black Sea Turks) :

1850-1870 6- ?iEPt 1955 remaking ol'the Square SAMATYA,
........................4..........m..........................
fire fire lower-income migrants illusion éffects starts,

planning settle ucurds,Twh} a new Ir!:n;hisln]:md
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Figure 4 - A comparative timeline of the history of ethnical groups in Kuzguncuk, Samatya and Fener

Cultural hubs of the three neighbourhoods are analysed comparatively and diachronically (figure
5-6-7). According to the findings, Kuzguncuk Mosque (4) has increased in local integration and
isovist area starting from the 1990’s. Neighbouring ritual places, Beth Ya'akov Synagogue(3)
and Hagios Georgios Greek Church(2) are showing approximate values throughout the history.
However, aslightincreaseisseeninallthe cultural hubs situated onthe main street perpendicular
to the shoreline as well as in Hagios Panteleimon Greek Church(z). All five cultural hubs in
Kuzguncuk maintain their integrity and their physical conditions are excellent. All of these ritual
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places culturally contribute to the development of the area, with a religious community taking
care of the buildings and vicinities. Many of the hubs, especially Hagios Panteleimon Greek
Church(z) being visually distinctive, have a positive effect on local tourism.

Kuzguncuk Cultural Hubs

19305-19605 19905-2010S

Figure 5 - Isovist analyses of Kuzguncuk with the location of cultural hubs.

Comparing Samatya’s cultural hubs values from the years 1930-1960 to 1990-2010, all
integration values except Analipsis Greek Church(2) have dropped. Some values decreased
drastically. Surp Kevork Armenian Church(10) and Abdi Celebi Mosque(8) are two of them, due
to the decrease of integration in the main avenue (Marmara Avenue). However, the physical
conditions and the maintenance of these two cultural hubs remain excellent. Their isovist values
are steady, as Marmara Avenue has not changed in shape between these years. The integration
value of Hagios Minas Greek Church(s) decreased a small amount. A reason for this result is that
although the church is centrally located, its entrance is found on the upper street, which stays
segregated throughout those years. The building is not maintained and is used as a shop.

The Armenian Catholic Church’s(s) integration and isovist area both decreased, the building
is in very good condition and is gated. Hagios Nikolaos Greek Church’s(3) all values dropped,
unlike Analipsis Greek Church(2) that has all its values increased. Both hubs are in decent
condition. Hagios Georgios Greek Church’s(7) integration and isovist values decreased, as it
is located in a street gradually more segregated. The building is badly renovated. Sahakyan-
Nunyan Armenian High School(21) and Anarad Higutyun Armenian Primary School(1) show
the same spatial structure as Hagios Georgios Greek Church(7). Haci Kadin Mosque(6) values
remain steady. However, Aga Bath (9) integration and isovist values decrease dramatically.
Currently, Armenian hubs that are clustered together around Surp Kevork Armenian Church(zo)
contribute both culturally and economically to the area. Many shops, schools and religious
ceremonial organisation companies are gathered around the church. However, Greek hubs lost
their meanings as most of them became unused, as well as their configurative values.

DIACHRONIC ASSESSMENT OF CULTURAL DIVERSITY IN HISTORIC NEIGHBOURHOODS USING SPACE ‘I 54 8
SYNTAX: Studies of three neighbourhoods in Istanbul .



ng
nNa
% Proceedings of the 11™ Space Syntax Symposium

Samatya Cultural Hubs

19305-1960s 19905-2010S

Figure 6 - Isovist analyses of Samatya with the location of cultural hubs.

Fener’s cultural hubs are mostly constituted by Greek properties. The first cultural hub, Marasli
Greek school (1) had a slight increase in terms of local integration value. However, the building
lost its functional importance and is unused at the moment. Greek Church Hagios Yorghis(2)
has a great imprint on the neighbourhood as well as great cultural value, as it stands also as the
Orthodox Patriarchate of Istanbul. Its local integration value had aslight decrease. However, the
building still maintains its physical integrity and spiritual importance. Greek school Yoakimion
for boys (3) can be stated as the signature building of Fener. It has a great imprint on the area
and strongly contributes to local tourism. The building has a high integration value and is as
integrated as before. Greek School Yoakimion for girls on the opposite side (5) of the building
has similar integration values between 1930s and 2010s. However, the building has decayed
and is unused at the moment. All students are now part of Fener Greek School (3). Between
the two school buildings, the Byzantine church (4) maintains its integration levels with a slight
increase. The building still functions as Church St. Mary of the Mongols.

Fener Cultural Hubs

19305-1960S 19905-2010S

Figure 7 - Isovist analyses of Fener with the location of cultural hubs.

DIACHRONIC ASSESSMENT OF CULTURAL DIVERSITY IN HISTORIC NEIGHBOURHOODS USING SPACE ‘I 54 9
SYNTAX: Studies of three neighbourhoods in Istanbul .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

Settlement patterns of different cultural and ethnic groups and in-migrants are illustrated on
a diachronic and comparative analysis (Figure 8-9-10). According to the findings, in Kuzguncuk
between the years 1930 and 1960, Turks living along the coastline are wealthy people. The
integration of the streetsalongthe coastlineisthe highestinthe area. Jew and Greek settlements
have similar integration values, although Armenian settlement has the lowest integration value
in the area.

In the recent years in Kuzguncuk, the number of minorities has dropped because of the 1955
trauma. After 1955 a high number of migrants moved in to the area. These migrants establish
themselves along streets with a lower integration than the former multi-cultural residents. It
is a result of the increasing economic gap between the new migrants and the residents. The
gentrifiers prefer places that are more integrated than the migrants, but lesser integrated than
the residents. They rejuvenated more segregated places, but still are globally integrated and
close to the main street. They have a place preference: Uryanizade Street. The street is famous
for its renovated houses of renowned people who came to Kuzguncuk after Cengiz Bektas.
There are quite significant differences regarding the dwellings’ prices and sizes, especially the
location of the houses on the shoreline (north of the map) are 10 to 15 times more expensive
then a reqular old-renovated gentrifier house in a street with average degree of integration.
Apartment houses preferred by the migrants in segregated streets are mostly very accessible
in price, and cost in general a quarter of an old-renovated gentrifier house.

For Samatya, the comparison between the 1930s and 1960s shows that the Armenian
community uses the most globally integrated areas. The most integrated area shifts towards
the south between Armenian and Greek Communities from 1930 to 1960. This implies that
areas where Armenian and Greek communities intersect each other are very integrated in the
neighbourhood. In 2010’s, the Armenian Community and especially their main street Marmara
Avenue becomes highly integrated. The Greek community is not a part of Samatya community
anymore as they decided to a displacement. There are not more than 3-4 Greek families in
Samatya. They were replaced by low-income in-migrants who prefer settling on the west part of
the main street and its secondary streets. Generally, the streets are in worse conditions that the
Armenian community area. There are many new constructions, including high-standard ones,
which are aimed to attract the middle-class. These new constructions are concentrated around

KUZGUNCUK SETTLEMENT PATTERNS
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Figure 8 - Global integration analyses of Kuzguncuk with the location of various ethnical groups.
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the west side of Marmara Avenue and around Merhaba Street, they are expected to have higher
standards and higher market prices. Property prices for old renovated houses seem lower than
the ones in Kuzguncuk ranging between half and a third of its equivalents. Seemingly, this fact
results in larger in-migrant groups with lower income to settle in the neighbourhood.

SAMATYA SETTLEMENT PATTERNS
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Figure g - Global integration analyses of Samatya with the location of various ethnical groups.
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Figure 10 - Global integration analyses of Fener with the location of various ethnical groups.
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InFener, there s still a small Greek community. However, a quite large part of the neighbourhood
belonged to the Greeks in the 1930s and 1960s with a relatively small Turkish community and
a Jew community in neighbouring quarter Balat. In the 1990s and 2010s, a big change in the
inhabitant profiles can be seen fromthe records. This resulted as an effect of the 1955 traumaand
its consequences such as physical decay and loss of social interaction in Fener neighbourhood.
The abrupt change resulted in the in-migration of lower-income migrants in the place of Greeks.
Comparing the axial maps, the integration values increased significantly around the area close
to the shoreline. That is the planned renewal area of Fener and currently some buildings are
destructed in that area. This area houses properties with a variety of market prices, most of
which are old-renovated Greek houses. A few of these houses are also found in the orthogonal
street pattern where lower income in-migrants settle, with market values ranging lower than
its equivalents in Kuzguncuk, but higher than those in Samatya.

5. CONCLUSIONS AND DISCUSSION

All three neighbourhoods had different cultural diversity experiences, and responded to
neighbourhood change quite differently. Each neighbourhood is interpreted individually and
comparatively.

The gentrification case: Kuzguncuk

The first case Kuzguncuk is defined to be a gentrified neighbourhood. It has an internal balance,
even after gentrification processes. Gentrifier in-migrants are located at a favourable place
and do not interfere with the entire residential composition. Cultural hubs are still physically
intact and did not show severe decrease in the integration and isovist values during the last
five decades. The residential emplacement of different groups is economically justifiable. These
findings show that the neighbourhood is physically in good condition, socially balanced and
economically favourable. However, its cultural diversity and being able to locate various cultural
and ethnic groups decreased as a result of the political climate.

The neighbourhood decay and illusion case: Samatya

Samatya is unique because of the unprecedented continuity of a minority settlement. The
Armenian community maintained their emplacement around their cultural hubs during the
century, and accordingly, their integration value for cultural hubs and community footprints
stayed at a high level. However, the Greek community was displaced and in-migrants with
lower-income caused decay in the neighbourhood. The same structure applies for their cultural
hubs. However, the integration values for their footprint had not changed. At present, newer
constructions and high-standard housing complexes are implanted to attract new-middle class
as potential gentrifiers. However, these illusions are insufficient to provide such a movement.

The neighbourhood decay, rehabilitation and renewal case: Fener

Fener provides an interesting case as some of the cultural hubs became completely disused.
However, some of the cultural hubs are still as important as in the beginning of last century.
Greek community left its place to low-income migrants who could not have the means to look
afterhistorical buildings. These circumstances caused decay as in the case of Samatya. Although,
integration values are slightly increasing or decreasing during the century, a noticeable change
appears on the shoreline where the renewal project will be implemented. Market values remain
unsteady due to the on-going change.

In general, various cultures through history shape the physical layout of the built environment.
Conversely, various in-migrant groups seek for places to settle for maintaining their culture
as well as interfering with the economy of the host city. Seemingly, depending on economic
resources/capacities and lifestyles of cultural groups influence where various communities will
settle. Some cultures seem to prefer a more locally integrated local street pattern, whereas
others prefer to settle along segregated streets.

From another perspective, the gentrifier in-migrants seek for places where they can exchange
ideas and inspiration with others. Mostly, they prefer urban areas with a high diversity of various
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ethnical groups combined with a built mass containing architectural qualities with a high degree
of collective memory from the past. In most cases, it consists of old neighbourhoods with some
highly locally integrated streets that are connected to the rest of the city. Their adaptation to
the neighbourhood also tends to increase property market values.

Seemingly, a neighbourhood’s gentrification process depend on high aesthetic qualities of the
buildings, high local integration of the main street, and to have well integrated main routes
through the neighbourhood. In addition, a strong unique local place identity seems to play a
role. Conversely, a downgrading of a neighbourhood is influenced by decay on the built mass,
the significant old iconic buildings disappear or are located along segregated streets, and the
area is segregated and poorly connected to the rest of the city.
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ABSTRACT

Thisworkinvestigates the relationships between residential location choice and social networks.
Building upon the idea that social networks are key to how cities and peoples’ movement are
structured (Hillier 2016a), this work suggests they likely participate in urban residential choice
behaviours.

It is suggested here, fundamentally, affiliations require a spatial structuring so they can be
produced and reproduced. Put in other words, the choice of our residential location implies
a choice of whom we want to affiliate with - that space participates in the dynamics of
strengthening, maintaining or dissolving social networks - and that we consciously deploy this
dynamic. This study’s aim is to examine if people’s residential mobilities relate to their social
networks and what forms these relations might take.

To do so, this paper discusses the interdependencies between space and social networks, based
onresultsfroman MSc project released in autumn 2016. Its findings suggest that social networks
are locational attractors but work in a wider reading than simply amenities regarding residential
mobilities. This work proposes that the networks we have, not only direct our preference of
choice in location but constitute our knowledge of suitable options within the housing market.

KEYWORDS

Social networks, residential mobility, residential location choice, housing economics, social
economics

1. BACKGROUND

A number of reasons highlight why the intersection of socio-spatial networks and residential
mobilities is relevant to study. Hillier identified the relationship of social and spatial networks
to be a key priority in space syntax research (2016b). Considering that the research approaches
within space syntax are predominantly from a static perspective, there is room to primarily
explore the dynamicity of social networks against the background of space. Another aspect
calling for this study is a gap between literature in socio-spatial theory and housing economics
that explain decision-making concerning residential choice. To date, studies in residential
choice theorise renters and buyers without social liabilities (Schirmer et al. 2014) which
follows the historic economic tradition in which peoples’ everyday decisions are rendered as
predominantly economic considerations. While the influence of social networks is recognised
in economic theory (a.o. Dutta and Jackson 2003) it has not been directly discussed in relation
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to the functioning of property markets. Currently, up-to-date economic conceptions are not
capable of fully describing significant phenomena in urban migration, such as the pull of skilled
people into the major cities (FT Data 2016). Neither are current models able to explain why
many urbanites in precarity chose to stay in places with a region’s highest living costs.

Sociologists such as Akerlof (1997) and Granovetter (2005) have argued that social and
economic lives are interwoven as process and its consequences. Additionally, some elements
within social theory provide the grounds to believing that there could be empirical evidence
to people seeking proximity to their social networks. Urry (2012) describes networking as a
resource-intensive activity and thus the ability to network, ‘social networking capita’, is finite
- one that enables or constrains an individual’s mobilities based on their access to emotion as
labour, time, and money among others. Hillier and Netto (2002) presented that copresence
and distance are inversely related to the probabilities of meeting, which is the creating and
recreating of social relations. These elements together would suggest the proximity to one’s
social fabric does matter, and that a spatial choice to social networks is made via residential
location, implying a social choice.

2. RESEARCH METHOD

2.1 RESIDENTIAL LOCATION CHOICE DATA COLLECTION

A feasible way to capture a social choice being exercised was by observing the spatial relations
to person’s social networks before and after they moved. With no available datasets to compare
several necessary social, spatial and economic parameters, a new dataset was collected.

To achieve this, 125 residents in case areas of London were approached via structured interviews
to ask on their residential needs, current and last residential location, and important members
in their social networks. Questions were asked about affiliations that are regularly part of
respondents’ lives and also meeting places where these relations were reinforced. Respondents
were inquired about several types of affiliations, individuals and communities, and the distances
respondents regularly travelled to enforce their relationships.

2.2 CASE AREAS

Interviewees to this study were to be chosen among residents that had moved to a few
different comparable areas. London was picked as the case city due to its benefits of having
high residential mobility (Landlord Today 2016) and diverse neighbourhoods.

Outer extenzion

East London

Inner extension

West London

suburban Landon

poor suburbs

edge of London

Figure 1 - Areas Seven Sisters and Deptford overlaid on a submarket division proposed by
Law et al. 2015.

AFFILIATION SPATIALLY EXPRESSED ‘| 55 2
How Social Networks Structure Residential Mobilities in London .



ng
N
"% Proceedings of the 11t Space Syntax Symposium

The control factors by which areas were chosen were the diversity of population measured by
social networks (Hristova et al. 2016), belonging to the same submarket when accounting for
features of the street grid (Fig.1), similar accessibility values (NAIN, NACH), and demographics
by age, ethnicity and occupation to portray a range of narratives that join in location choice.
Applying these criteria of similarity, Seven Sisters in Haringey and Deptford in Lewisham were
chosen as the case areas to this study.

2.3 SPATIAL ANALYSIS

Space syntax theory and analysis, GIS and statistical analysis were used to derive tendencies
from the structural interviews.

GIS: All map representations were created with the help of open-source GIS (geographical
information systems) software QGIS. Specific techniques used are geocoding and heatmaps.

Transport analysis: To calculate the distances and travel times between each respondent and
their closest contacts, a transport network analysis using the Google Maps API (Application
Programming Interface) was conducted. Google Maps API is essentially an app that allows
users to calculate spatial distance indices using the Google Map engine and its database.

The database includes:

e the pedestrian network data to calculate walking distances between the origin and
destination

e detailed public transport network and time-table data to calculate travel times between
origin and destination.

A python-based function was developed to calculate spatial measures in a respondent’s
egocentric graph (marked in orange, Fig 2.).

- ~
©
O
. B Respondent .
Respondent’s closest friend
L
. Respondent’s friend

- ® 3

Figure 2 - An ego-centric network graph illustrating
the respondent (orange) and the respondent closest
affiliations (green). The length of the edge corresponds
with the social distance between the respondent and
their contacts.
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These measures are the metric distance, travel time and angular distance between the
interviewee and their closest contacts.

Dist (ij) = network walking distance betweeniand j
where i is the interviewed correspondent
jis each of its closest social contacts

Time (ij) = public transport travel time betweeniand j
where i is the interviewed correspondent
jis each of its closest social contacts

Ang (ij) = network angular distance betweeniand j

where i is the interviewed correspondent
jis each of its closest social contacts

Heatmap of Seven Sisters’ and

Deptford’s NAIN and NACH values SEVEN SISTERS DEPTFORD
for radii 800, 2000 and N.
Min. Radii NAIN NACH
800 1,387 1,353
2000 1,144 1,376

1,224

o omex N

Table 1 - Space syntax: Two commonly used space syntax measures were calculated for central street segments of
each case area

One of the measures is the segment angular integration (1) (Hillier and Hanson 1984; Hillier
et al. 2012), which measures the reciprocal average shortest path between every origins (i) to
every destination (j) - or more simply its to movement potential to reach all nodes in the system
(Hillier and lida 2005). The segment angular intergration is also known as closeness centrality in
the network science literature.

N (r)-1

GO =53 ®

BC_iis the Betweenness centrality at i
N_st is the overlap between s and t on segment i

(2)

BC, = Z ost

52t
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3. RESULTS

3.1 INTRAURBAN MIGRATION - A GEOGRAPHICALLY CONFINED PHENOMENON

Unravelling the direction of the analysis, this section shows a visual overview (Fig.3) of where
respondents had previously moved to either case area.

Sawven Sisters

Figure 3 - Point density clusters of respondents’ previous residential locations by case area.
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The overview suggests that the River Thames notably is a divisive element for people re-settling
from either side of the city. A previous research to residential choice (Zondag and Pieters 2005)
yielded that its participants’ new residential location was strongly related to the site of their
last residence. The visual study of Fig.3 confirms this partially, but also that there is variation in
the relationship. A significant share of participants had moved locally (Fig.3) which is shown as
bright, dense clusters around both case areas. Moreover, the number of those moving declines
when exceeding locality to greater distances. These aspects suggest that distance and spatial
configuration would influence the mental maps of the city and the choice of residential location.

3.2 LAYING FUNDAMENTS TO RESIDENTIAL MOBILITY: MOTIVATIONS AND IMPROVEMENTS OF
HOUSING CIRCUMSTANCES

Itis more commonly formulated in studies on residential mobilities, that the decision to relocate
stems from a housing arrangement not meeting the occupant’s expectations (Clark and Onaka
1985). Considering the historical tradition in which housing needs have been quantified in terms
of economic or physical utility, this study brings to light the social choices that have not been
considered in detail.

Taking Clark and Onaka'’s argument as a starting point, respondents of this study were asked to
name one or multiple reasons that triggered the choice of their current frames of housing - Table
2 gathers their responses. It indicates, that the access to one’s work or study location (31), social
opportunities (22) and price (20) are most prominent coherent factors in the location choice for
the interviewees of this study. The term ‘social opportunities’ is used to combine a few named
motives describing the same aspect but in more practical terms. These comprise the presence
of outdoor places to meet people (new and known), experiencing a sense of community and
that people of similar demographics are residing in the same area.
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MOTIVATIONS from 162 total mentions FREQ. NAIN

Shift from renting to buying first property 8

Contract ended 6

LOWORNO | Improvementin home's condition 2
EFFECT Price 20 27%

Free from commute costs 1

Social housing 4

Finding a workhome 2

Access to work or study location 31

Bustle 2

Generally new opportunities 2

IMPLICITOR | Leisure / things to do 2
LIKELY EFFECT o . o 32%

Finding somewhere more suitable for family living 3

Safer 1

Amenities, services or consumption opportunities 5

Work opportunities 2

Access to family members(s) 3

Access to friend(s) 10

Social opportunities from this area 22

EXPLICIT Tension with cohabitants/ neighbours 10
42%

EFFECT Moving in with partner 4

Moving in with family member(s) 2

Moving in with friend(s) 7

Extra room (for child) 10

Table 2 - The opportunities and improvements claimed by the new dwelling and location, by frequency of mention.

Then, results were categorised by the degree to which eachinfluences peoples’ social behaviour
and social networks:

e no effect (economic or physical improvements)
e animplicit or likely effect to social networks
e aware motive to directly affect one’s social networks.

Doingso helps to distinguish that only 27% of motives had to do with solely physical or economic
improvements of housing, as opposed to mainstream conceptions in residential choice
literature. Again, 72% of named improvements had consequences on social networks either
explicitly or implicitly. An example of an implicit effect of is moving to a safer environment, in
which a person may be inclined to spend time outdoors and be exposed to more social contact.

Together, the motives listed (Table 2) uncover a multi-faceted sociality in the improved living
circumstances chosen by the participants. The many ways social networks are considered - as
current or potential, close or distant — reveal how social networks work in more intricate ways
than any of the quantitative methodologies that follow would suggest.
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3.3 SOCIAL NETWORKS - A FACTOR WORTH NOTING IN HOUSING ECONOMICS

This section aims to provide a sense of scale and the importance of social networks as a factor
in the decision of distance to their contacts — and thus location. To do so, this section deploys
quantitative means to explore the urban migration of the study’s interviewees in relation to
their social contacts. Continuing from there, this work goes on to examine how social networks
perform as a spatial attractor in relation to the workplace, often named an eminent factor for
residential location (Schirmer et al. 2014).

We begin by observing how the distance to respondents’ personal networks changed when
respondents relocated. This paper finds a trend (Fig. 4) among respondents staying within same
distance (29 % saying within +/- 1.25 km distance) or shifting closer (65% moving more than 1.25
km closer) to their affiliations in the urban sphere. One in three (35%) moved more than 1.25 km
away from their affiliations. A look at the symmetry of the results show a spatial attraction of
social networks: there is a significantly greater deviation among respondents moving closer to
their contacts (94.24) than among those moving away (3.27). This difference is constituted of
people moving closer to their affiliations over a large scale of possible distances.

. Closar Furthar

- .

s

45 .40 .35 .30 .25 20 .6 .0 .5 0 & 10 15 20 25 30 35 40 45

Distance moved lowards or away from affiliations [km]

Figure 4 - Relocation depicted as the change of distance to participants’ social network
members. The numbers are averaged distances to the respondents’ contacts (individuals,
groups and communities), which means all affiliations mentioned are accorded the same
weight. Thus, for example, information, where the respondent had moved closer to one
particular contact and further away from other contacts, is averaged out. Respondents’
affiliations were asked in the present situation, which entails that they likely did not often
meet when living very far away.

To ascertainthatthe results narrate a spatial preference towards social affiliations, a comparison
between work and social networks was made. Among a subset of working participants, via
linear regression, changed distances to social contacts as well as work were analysed. Following
this, choice behaviors were observed by socioeconomics defined by professional groups and
the level of education they require.
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Regression equation | Unstandardised
Professional group Y = Spat.pref. *X + coeff. Interpretation RSME R?
Constant Beta values
Group 1-4 Constant 3.79 6.14 0.99
Mainly universit balanced between
yunn y Spatial preference 1.03 affiliations and
education
work
Group 5-6 Constant 0.55 3.08 0.99
. . balanced between
Mainly vocational . -
) Spatial preference 0.99 affiliations and
education
work
Group 7-9 Constant -3.42 4.16 0.73
notably toward
Mainly no education Spatial preference o work at the
needed P P 35 expense of
affiliations

Table 3 - The linear regression model coefficients on the spatial preference among working participants. The
occupational categories in use are applied from Census definitions (2011).

The coefficients indicate (Table 3) that affiliations were as influential as work regarding the
change of distance for all respondents except for those working in professions not requiring
formal education. The gap among working participants in groups 1-6 and 7-9 demonstrates
both that there is a tendency to exercise the choice to be closer to affiliations, but also that there
are circumstances to allocate notably more proximity towards work than to social affiliations.
With reference to Urry’s proposition (2012), the gap likely corresponds to how the maintenance
of networks is dependent of societal privileges, to which socio-economic opportunities, Urry
argued, are key.

3.4 AREAL SELECTION: ACCUMULATING SPATIAL MEMORY, AND THE FOLLOWING PHENOMENON

Asking respondents what their relationship to their current living area was before they moved
revealed that a majority of 59% had contacts that resided in the area already (Table 4) .

Noek:c?\;vn Family Partner/ Friend(s) Several Emplover Has always
F:ivirF\)g member(s) spouse affiliations ploy lived here
15outof44 | 3outof4s4 | 20utof44 | 5outof sy 16 out of 44 10f 44 2 of 44
34 % 7% 5% 11 % 36 % 2% 5%
59 %

Table 4 - Responses to question: Did you know someone in this area before moving here?
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In their direct meaning, the results imply that among participants there was a tendency to move
where their close relations already lived. Indirectly, there are a few ways in which affiliations
likely have a role in the location choices here. Firstly, by providing trusted information and
by thus directing preference as Granovetter (2005) argues: ‘[..]social networks affect the flow
and the quality of information. Much information is subtle, nuanced and difficult to verify, so
actors do not believe impersonal sources and instead rely on people they know. * (ibid., p. 33)."
Secondly, affiliations may work as destinations to participants’ everyday mobilities. Through
this, one can experience their area and areas in-between first-hand without obligations.
Griffiths (2016) suggests attractors and everyday trajectories equate to areas and accumulate
the experience of the lived city: ‘"Mundane mobility practices also have effects on identity,
belonging and understanding of place (as often understood to be the case of exotic journeys
to far-away destinations)’. (ibid., p. 242). One respondent of the study mentioned specifically
knowing their new neighbourhood, Deptford, as a previous switch point on their commute.

3.5 PERCEIVING THE NEARNESS TO ONE’S SOCIAL FABRIC

This part explores how residents in Seven Sisters and Deptford interacted with the distance
incorporated to their social networks when they moved. Two parameters are used to describe
perceived distance; this section will examine which of them may better explain the logic by
which people move close to each other. To elaborate on the parameters used, spatial distance
is considered influencing the likelihood of one’s spontaneous and planned meetings (a.o. Hillier
and Netto, 2002), whereas the second parameter, travel time, is a considered as depicting the
mobility costs to meet one’s social contacts.
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Figure 5- The changes in route distance and travel time to respondents’ social networks.

The above-lying regression analysis (Fig.5) illustrates different behaviour among those
relocating further to those moving closer to their affiliations. With increases in both distance
and travel time, the results comply to a linear trend; again those who relocated with decreased
distance and travel time behaved with lesser uniformity. These participants appeared to an
extent ‘drawn towards’ saving in route distance over travel time. It suggests, that nearness
and presence of social networks — if carrying priority — are rather perceived in terms of spatial
distance than associated costs to meet.
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Results in which there is spatial nearing while travel time is not declining accordingly may also
indicate a change of travel mode, where walking locally becomes the fastest means to meet.
Considering that most of peoples’ trips are short and the likelihood of meetings increases with
proximity, the benefit of spatial nearness enables an organic encountering along everyday
travel — an aspect that may be a decisive consideration in choosing a distance to one’s closest
contacts.

3.6 GRASPING THE SPATIALISED MARKET: AFFORDANCES OF THE STREET GRID VERSUS THE
SCALES OF RESIDENTIAL MOBILITIES

Section 3.1 (Fig.3) displayed the rapid decline of the number of people moving to either case
area the further away they moved from. By examining the same effect numerically (Fig.6), this
study observes divergent residential patterns to each case area. Compared to Seven Sisters,
Deptford attracted an unexpected number of people further away, as far as approximately 7.5
-10km and from its immediate vicinity. In Seven Sisters the same tendency is inverted, where a
majority of participants relocated from within 2.5-7.5 km.

. Diaptiond Sowvan Sisters

=1
'
papdan

o- -- -

SIREIS BAART

Figure 6 - Change of residential location measured as route distance. Here notable is the difference between the
distributions of distances from which residents have located to either case area.

We reflect these results together with the case centers’ NAIN and NACH measures (Section
2.3 Table 1) that indicate how likely each of the centres is known in its surrounding area.
This comparison highlights a discrepancy, in which in all radii Seven Sisters possesses higher
centrality values than Deptford, yet Deptford attracts participants from a greater geographic
area. What the pull to Deptford within a larger urban area could potentially mean, is that
Deptford is included in the mental map to a more widely spread population despite what the
spatial affordances suggest (Table 1) — and since it was chosen possibly implies a better relative
option among the areas in people’s mental maps. What motivates and characterises someone
moving long distances?

Moving distances of the study participants were compared with how far they regularly travelled
to maintain their social lives (Fig.7). The scales of moved distances were shown to link to the
geographical spread of one’s contacts - again indicative of one’s capacity to network (Urry
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2012). The resulted moving distances may be a multiplied result of networks’ influence: contacts
informing and directing preference, following contacts where they live to be close to them, and
mental maps accumulated through travel practices.

social networks

before [km]

L] -] 10 15 20 a5 i) 35 40 4k -n]

Moved distance [km]

Figure 7 - Respondents’ networking mobilities and residential mobilities.

In any of the cases, spatially spread networks seem to allow accumulating knowledge of a larger
pool of suitable areas than those whose networks are local — thus allowing a greater freedom
to relocate within the housing property market as Fig. 7 suggests. Again those with local social
networks showed something to be described as residential ‘immobility’. This translated into
their new residential choice likely having remained local.

4. DISCUSSION

This paper provided an account of multiple approaches to investigating the link between
residential location choice and social networks. Combining the several qualitative and
quantitative observations seem to arrive at the same effect — that social networks are
incorporated in the notion of space, and that they entail the choice of distance to them.

In the analysis, participants were shown to arrange their spatial circumstance to maintain or
strengthen existing relations, but also to dissolving them. Interestingly, for a section of the
interviewees, their locational decision was motivated by the potentiality of new encounters.
Another key take-away to this work is that the link between social networks and housing choice
worksinsubtlerwaysandwithanexpanded notionthanindicatedin previousinterpretations.The
analyses accumulated insights to how residential choice is influenced by the interdependence
between spatial and social networks. This study highlights some of the findings from both sides.

Findings on the role of space:

* The spatial configuration of London was shown to structure the mental perception of the
city, and thus to influence residential mobilities of people of this study.

* Among the subjects of the study choosing proximity to social networks, somewhat more
significance was placed on gained spatial proximity than in saving on mobility costs
(measured as travel time). This would suggest that proximity is more strongly perceived
in spatial terms.
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Findings on the role of social networks:

e Social networks are interwoven into residential decision-making, both directly and
indirectly:

a. Directly: as providers of material everyday support, and an interface to enforce distinct
identities.

b. Indirectly: by providing information advantage, directing preference and providing a
well-trusted source of information unlike for example universal media (Granovetter
2005). Also, enforcing relationships entails the expectation of presence that induces
mobilities; through these people become acquainted with areas.

e Social networks appear to play a key role in explaining the variation in the scale of
residential mobilities, highlighting how variable the knowledge of the housing market
among this study’s participants was. This is suggested to be the result of networks
influencing people’s varying capability to interact with space - and overcoming it.
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Spatial potential for integrative social processes
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ABSTRACT

While local integration as a solution to forced migration was widely disregarded in the past
decades, it regainsimportance amidst the current refugee crisis in Europe. The socio-spatial and
syntactic research on the built environment about movement and interaction in space offers a
new approach to this topic. This research follows the acknowledgement of urban co- presence
and encounter as a contribution to social cohesion, and links it to computational model building
and fieldwork on the process of arrival. Three case studies were selected in Bremen, Germany,
and studied throughout all scales from the building site to the whole city. The methods are
derived from the space syntax theoretical framework, and combined with Gravity analysis into
a new formula using the UNA toolbox for Rhinoceros software. Furthermore, Grasshopper
software is used to create multi-layered visual models for analysis of privacy and interaction
patterns.The conducted fieldwork involved ethnographic description, behavioural observations
and interviews.

The findings suggest, that a less active environment with fewer access to sociability leads to
longer journeys to areas of high sociability such as the city centre. These areas were identified
using the Gravity of Sociability measure as a combination of syntax and Gravity. Also, higher
accessibility to jobs relates to more employment through local businesses approaching homes.
The special contribution of this research is the synthesis of integrative social processes and
studies of the built environment through parametric and computational tools, as well as offering
a new perspective on migration and cities.

KEYWORDS
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1. INTRODUCTION

The current geopolitical conditions have created large scale forced migration towards Europe,
which each country has different approaches to dealing with. This research looks at ‘Transitional
Residential Facilities’ for refugees in Germany, which form a connection between the ‘Reception
Facilities’ and the normal housing market. In the following, the influence of urban form on the
potential for social integration and movement patterns are studied. It will be examined how
segregation can be overcome and what the role of public space and the built environment is
in the specific case of newly arrived migrants. Furthermore, the integrative potential of public
transport as well as job opportunities is included in the analysis. This will then be related to the
larger picture of refugee integration.

For that, three case studies have been selected in Bremen, Germany. Computational methods
from the space syntax theoretical framework have been used in this research and were also
combined with the Gravity method for metric urban land use accessibility. In addition to the
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computational analyses, on site semi-structured, qualitative, and anonymous interviews were
conducted with 23 inhabitants in total, revolving around their daily routine, activities, use of
amenities, and movement in the city.

The findings suggest that a less active environment with fewer access to sociability leads to
longer journeys to areas of high sociability such as the city centre, which were identified using
the Gravity of Sociability measure as a combination of syntax and Gravity. Higher accessibility
to jobs relates to more employment through local businesses approaching homes. The special
contribution of this research is the synthesis of analyses of integrative social processes and
studies of the built environment through computational tools. Its results are part of a Master of
Science dissertation (Utzig, 2016).

1.1 CURRENT REFUGEE SITUATION AND THE ROLE OF THE BUILT ENVIRONMENT

The United Nations High Commissioner for Refugees (UNHCR) has stated in their most recent
Global Trends report for 2015 (UNHCR, 2016) that 65.3 Million people worldwide are currently
displaced from their homes. In the year 2015 alone, two Million people have applied for asylum,
while only 201,400 returned home. The largest country to receive the applications being
Germany with 441,900, followed by the US, Sweden and Russia (172,700; 156,400; 152,500).

In their policy, the UNHCR described ‘local integration’ as one of their three ‘durable solutions’.
It contains three prerequisites as discussed by Crisp (2004). First, the refugee population must
be equalised in law with the host population. This includes basic human rights such as the right
to work, to education, to free movement and to property as well as the access to public services
and entitlements. Second, the refugee populations’ living standard must be matched with
the host population. They must then be able to become progressively less reliant on welfare
and re-establish economically self-reliable, independent lives. Thirdly, the social and cultural
environment of the host population must enable the refugee population to live free of fear,
discrimination or exploitation. The UNHCR policy thus acknowledges the importance of social
integration as a solution to refugee crises.

Since Europe became a focal point in recent crises as a place where large scale isolated camps
do not seem acceptable to political leaders and the host population, the matter of local refugee
integration is a very important one. The contribution of the built environment to this social
process has not yet been discussed, despite the fact that there are numerous works on the
technical aspects of the camps (Herz, 2007). There is however an extensive body of work on the
role of architecture and urban planning in producing and reproducing an integrated society.

As Hillier and Hanson (1984) argued, space is not only a reflection of society, but a set of
strategies to achieve its actual form. Space is used to order social relations by means of spatial
relations. In the urban society of cities, the street network, or public realm, is the main tool for
that. Its configuration is the generator for human movement (Hillier et al., 1993). The resulting
co-presence of individuals from all different groups of society is the primary source of social
cohesion (Hillier, 1996). It has been shown, that social network and friendship relations are
often segregated from other groups of society, while everyday life activities in public and work
spaces overcome this social division (Schnell and Benjamini, 2005).

With a new, significant part of society joining the host population, it is important that a special
emphasis is put on societal integration. This can only take place if there are aspects in daily life
that connect the different parts of society, which cities are traditionally very suitable places for.
Durkheim (1893) describes them as places of organic solidarity, which is based on economic
interdependence and division of labour. It is opportunistic and depends on the differences of
individuals. The resulting co-presence and encounter produces high exchange and mutual
tolerance among people (Simmel, 1921; Jacobs, 1961; Senett, 1970). If the local integration
of refugee populations is being investigated, the body of work that connects social theory to
the built environment of cities can provide answers on explaining interactive and integrative
patterns of behaviour.
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1.2 URBAN INTERPLAY AND MATTERS OF SEGREGATION

The overall function of built form on a larger city scale is to bring and hold together the different
parts of society, and enable the newly joined members to choose their place in a diverse variety
of urban solidarities. Legeby (2009a; 2009b) described the problem of interplay segregation as
the missing opportunity of seeing others and being seen in public space. This can be measured
employing the space syntax framework as established by Hillier and Hanson, since movement is
a mathematical function of the spatial configuration of the street network (Hillier and Hanson,
1984; Hillier et al., 1993; Hillier, 1996; Hillier, 2003). Co-presence is thus a collective urban
resource, and its distribution has, together with other common resources, to be considered
regarding matters of inequality and disadvantages (Legeby, 2009a; 2009b; Legeby et al., 2015).

The term activity segregation has been used by Franzén (2009) to describe patterns of
behaviour of different groups of society, which rarely overlap and thus pose a threat to the
overall coherence of society. Franzén uses activities such as going to work, for shopping, or
leisure as examples, which may not be shared with members of other social groups than one’s
own. This concept ties in with Schnell and Benjamini’s (2005) notion of territorial segregation,
as the separation of groups in their routine everyday life spaces has proven to be very low
compared to residential and social segregation. People thus do not necessarily have to establish
social network connections to members of other groups as long as their co-presence and casual
interaction maintains societal peace and coherence. The term ‘encounter’ is crucial at this point
and it will be used in this research to describe momentous contact, verbally or visually.

For these interconnections, the urban form and positioning is of great importance, as it
influences not only to which workplace people attend but less urban accessibility to jobs also
relates to unemployment of recent immigrant population (Legeby, 2013). Similar results have
also been suggested by the research of Vaughan (2005; 2007), who found that historically,
immigrant settlements were located in close proximity to active economic centres. This was
to avoid high travel costs but also due to the fact that new, unskilled labour immigrants relied
and still rely on informal job hires through contacts in their group of ethnic origin. Vaughan
argues furthermore, that concentration happened without segregation, in order to benefit
from full integration into the host society, while still being able to let the own culture flourish,
which has been defined by Marcuse (2001) as an ‘enclave’ through voluntary clustering. ‘Ethnic
segregation’ in this research however does not necessarily mean enforced or hierarchical
grouping as Marcuse (2001) described it, but any kind of disproportionate concentration of
contact among one and lack of contact with another group.

Finally, Jacobs (1961) also suggested that the presence of anonymous flows of strangers which
move through the streets plays an important role for neighbourhood policing and the feeling
of reciprocal safety. It furthermore provides the basis for social interaction by forming the
‘animated background’ which encourages for social interaction in the public realm (Peatross
and Peponis, 1995) and forces individuals into a state of tolerating diversity in order to be able
to live in a city (Simmel, 1921; Senett, 1970). Urban integration and co-presence of different
groups in everyday life is thus animportant aspect to social integration into the host population.
The mutual tolerance arising from that is crucial to repression free living and the achievement
of local integration.

1.3 ORIGIN AND CULTURAL BACKGROUND OF STUDIED INHABITANTS

The large majority of inhabitants during the study period came from Syria, followed by
Afghanistan, with smaller numbers from Iran, Iraq, former Soviet states as well as Africa. This
implies asignificantinfluence of Islamic religion on daily life and cultural habitsin the inhabitants’
home countries. Abu-Gazzeh (1995) argues that the built environment in Islamic countries
strongly follows religious behaviour principles such as privacy and gender rules. These rules
also mediate the public interaction of strangers (Abu-Gazzeh, 1995; Tomah). Furthermore, a
significantamount of public spacesin Arabic countries has been created during the colonial ages
to express the occupiers’ superiority, which often makes them unsuitable for leisure activities
by the local population, either by design or symbolic meaning. In addition to these traditional
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influences, the recent developments towards authoritarian forms of government and police
surveillance have an impact on the perception and use of public space (Rabbat, 2012). Long
before people decide to flee from their country, the entirety of public life was controlled by the
government to suppress civil uprisings. This forced social interaction as well as public debate
into the private realm such as non-governmental mosques or people’s homes. These aspects
may also have an underlying influence on the behaviour and urban movement for newly arrived
refugees in Germany.

2. METHODS

Figure 1 - Map of the city of Bremen with the three case studies

2.1 CASE STUDIES

In this research, three recently built transitional refugee homes are studied in the city of
Bremen, located in the North-West of Germany. All of the homes have been designed by the
same local architects and use the same container modules and two-storey building blocks, but
are different in terms of the arrangement and number of blocks. They are also situated in very
different parts of the city [Figure 1], with one in Bremen-Grohn, another in Bremen-Walle and
the third in Bremen-Arbergen. Each of the two and four bed apartments is autonomous with
their own front door, kitchen and sanitary facilities. Next to communal facilities with rooms
for activities, the non-profit organisation’s management office is also located on site with two
to six staff during working hours. They are providing help with the bureaucratic procedures
of the inhabitants as well as their papers, financial organisation and everyday-life problems.
After working hours and during the weekends, security personnel is present on site to supervise
access control and overlook the inhabitants. All homes have been publicly perceived as well
built, clean and safe.
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2.2 MEASURING URBAN SOCIABILITY AND TERRITORIAL INTEGRATION

Inthe previous paragraphsit has beenreferredto several descriptions of segregationin everyday
life. The contact and mixing of refugees with the German host population is crucial due to
several reasons. First, unlike migration patterns to the United Kingdom for example, there is
little networks with connections to migrants that have already established a self-sustaining life
in the new country. Second, the access to the job market is very controlled and relies almost
exclusively on a good German language proficiency which can only be acquired through regular
contact with proficient or native speakers. Third, the migration as well as integration process
is overseen widely by the state which restricts the agency of individuals but on the other hand
provides a high degree of help and security which has been perceived very positively by the
inhabitants of the three case studies during the conducted interviews mentioned above.

Since the financial means of the newly arrived refugees are mostly scarce, they rarely visit
locations with entry at the door, the need for a ticket or the obligation to consume, such as
cultural institutions or cafés and restaurants. This increases the importance of public space as
an affordance to encounter, as being co-present with others is crucial to urban life and several
inhabitants have even made loose friends with the host population in that way. To determine
the degree of accessibility to co-presence, and on the other hand the ‘interplay segregation’
(Legeby, 2009a; 2009b) several measures of urban centrality and topological street network
analysis are used in this research. First, the concepts of angular choice and angular integration
from the space syntax theoretical framework as established by Hillier and Hanson (1984) will
be compared as indicators for human movement activity. Angular choice, which is based on the
betweenness measure of graph theory, indicates the through-movement intensity on a certain
segment in the street network. Angular integration acts as a measure for to-movement to a
specific segment (Hillier, 1996; 2003). The angular distance measurement means that those
routes are the shortest that have least angle turns from start to end segment. This has been
shown to produce the highest correlation with human perception and movement patterns
(Hillier, 1996). Both analyses have been limited to the radii of 2,000 meters to determine
local, i.e. pedestrian and bicycle movement and 10,000 meters for the global structure and car
movement in the city.

Hillier's (1996) argument of the movement economy shows, that the physical shape of the street
network and with it the intensity of pedestrian movement gives rise to economic activity along
these segments. This allocation of land uses then acts as a multiplier effect to the expected
footfall that is already been generated by the street network.

To calculate an absolute measure that takes account of all these multiplier effects, the land use
based Gravity measure as used by Sevtsuk (2010) has been modified with a weight formula.
It measures the impact of a set of destination land use points on an origin point. For each
destination, the metric distance (d) of the walk along the street network is calculated and put
into the decay formula that has been determined empirically by Sevtsuk and Mekonnen (2012).
The destinations that have been selected as most suitable to indicate street activity, as they
themselves rely heavily on it, are retail points as well as locations of the food and beverage
service economy.

log (1 4+ Int2000m) % NAChZ000m x(1 + E]
1 log (1 + Int2000m g, )~ NACh2000m,0, [
G = ~oD0axd G= 0.004xd
ED.I]CI-‘IK!! e
Original, unweighted Gravity formula Weighted formula for ‘Gravity of Sociability’
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The first part of the weight is the angular integration value with a radius of 2,000 meters
(Int2000m), as it accounts for the intensity of pedestrian to-movement. Secondly, the
normalised angular choice (NACh) with a radius of 2,000 meters is used to account for through-
movement (NACh2ooom). Both values are normalised with the maximum measure of the entire
map, producing a relative value from zero to one. Finally, the density of land uses per meter is
taken into account by dividing the number of points (n) by the length of the segment (I).

This metric analysis will be calculated for the three case studies and for all 260,000 buildings
in the map extent around the city of Bremen to create a complete map of the distribution.
As limiting radii for this analysis, 8oom and 3000m will be selected for pedestrian and bicycle
distances, which are also considered as the two scales of the neighbourhood each location
is surrounded by. The software used for the calculation is the MIT una-toolbox (Sevtsuk and
Mekonnen, 2012) for CAD and modelling program Rhinoceros 3D. All land use data as well as
the base map data for streets, buildings and points has been taken from the Openstreetmap
website (www.openstreetmap.org).

To compare the findings with urban movement behaviour of the inhabitants, the conducted
semi-structured, qualitative interviews entailed questions about habitual movement
destinations in the city as well as the amount and type of contact with the host population.
Furthermore, questions were asked about the desire to be in contact with German people and
the preference for spatial clustering in the event of moving into a private apartment.

The distribution of public transport connections throughout the city is not only an economic
one, but also a matter of equal distribution of common resources (Legeby, 2009; Sd et al., 2016).
Especially in this case, that people are not able to use other means of transportation for longer
distances since the driving licenses from their home countries are not valid in Europe, and travels
have to be made to distant bureaucratic institutions and learning centres on a regular basis, the
significance of a well-developed and equally accessible transport network is very high. Public
transport however is not just to be seen as a means of transport but also as a public space in
which all, or at least many different groups of society are co-present (Rokem, 2016). Itis thus an
important aspect to overcome ‘activity segregation’ (Franzén, 2009) or ‘territorial segregation’
(Schnell and Benjamini, 2005). For this analysis, the unweighted Gravity formula will be used so
that each public transport stop will be of equal importance independent from the frequency,
only the distance to the origin point is determining its influence.

Since the case studies in this research are transitional refugee homes, with inhabitants that
have been in the country only for a short time, the opportunity to learn the language and acquire
job qualifications is very limited, and also often legally restricted. It is thus that the types of
businesses that have been looked at, is from a low- to medium-skilled labour background. This
incorporates the service industry with for example logistics and storage jobs, as well as crafts
and other manual labour. Legeby (2013) has shown, that reduced urban accessibility to job
opportunities relates to rates of unemployment in social housing estates. In the same way, it
will be investigated in this analysis, if a better accessibility to businesses, that may theoretically
be a potential employer, relates to inhabitants having a job or apprenticeship or the outlook
of starting one in the near future. For that, in the interviews with them, it will be assessed in
a qualitative manner to what degree this economic activity takes place. As data source for
business locations, the voluntary company archive of the city of Bremen was used (www.
bremen.de/branchensuche), which is similar to the yellow pages. In an automated process using
Grasshopper, the addresses have been extracted from the HTML-documents and geocoded.
Then, the Gravity value has been computed in the same way as it has been done for the public
transport accessibility.
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3. RESULTS

Figure 2 - Integration (radius 2000m) angular segment analysis

Figure 3 - Gravity of Sociability analysis results (radius 8oom)
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Figure 4 - Mapping of movement based on the interview results

3.1 SPATIAL POTENTIAL FOR URBAN CO-PRESENCE

In the semi-structured interviews with inhabitants, it has been observed that not only the city
centre, but in Grohn also the Vegesack town centre and parks Vegesack Park and Birgerpark
[Figure 4] were popular destinations in the city to spend time. In Walle and Arbergen, the
movement patterns were more local, also due to the low distance to the city centre. People
in Arbergen however focused more on their immediate surroundings, with destinations
for shopping and leisure at the river. While in all three case studies, errands such as grocery
shopping were done in the most convenient, local radius, it has been mentioned predominantly
in Grohn that destinations are visited regularly with the explicit aim to seek interaction with
strangers, preferably Germans. Furthermore, the average frequency of leaving the site is the
highest in Grohn and the lowest in Arbergen [Table 2]. In all sites, the wish for more interaction
with people from the host population was expressed, despite initiatives such as the ‘contact
café’, a weekly tea time with inhabitants and German neighbours in each site, about every two
weeks. Especially middle-aged and older inhabitants have found this very helpful. Asked about
whether they preferred to live among neighbours from their own cultural background and
language once they move into private accommodation, the large majority clearly stated they
preferred to live surrounded by predominantly German culture. Two families that were about
to move out were particularly happy to have found a suburban home in a traditional German
neighbourhood.

Mosques were mentioned as frequented destinations in the city by some inhabitants, but less
than possibly expected. It seems logical however, as the majority of inhabitants expressed
the wish to form connections with the culturally traditional German host population, which
is more likely to be encountered in public spaces of the city centre or parks. A small number
of inhabitants even stated that they prefer to not have contact with people from their home
culture because they would like to avoid bringing up conflicts that divide the people, as there
are supporters of opposing sides fleeing at the same time.
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_ Gravity _
Name | Sravbel | offublic | Gravtyof | (o | NAGK | NACh | Int_ | Int_
Stops kml' | 'sp; | sp3 | sp3 | SD3
R [m] 3000 | 800 | 3000 | 800 | 3000 | 800
Grohn 2.78 | 2.212 | 1.51 | 1.22 | 0.18 | 0.09 | 15.25 1.20 1.16 1055 5075
Walle 5.95 | 3.57 | 4.42 | 4.02 | 2.19 | 1.99 | 58.82 1.15 1.08 1718 12174
Arbergen | 3.05 | 2.66 | 2.61 | 2.53 | 0.01 |0.00| 35.38 1.09 1.00 607 8027

Table 1 - Urban analyses results

Average times per week that Most frequently named
inhabitants leave the site destination (Nr. of occurrence)
Grohn 9.8 City Centre (4)
Walle 5.2 City Centre (3)
Arbergen 2.8 Local Supermarket (4)

Table 2 - Interview results from site visit

Looking at the immediate and wider neighbourhood, it can be seen that Walle is located in
more urban surroundings with higher building and land use density, while the other two show
suburban features [Figure 1]. This is confirmed when comparing the streets that can be reached
within three turns from each place (ISD3) [Table 1] with Walle being the most walkable and
Grohn the least. Within this distance, Grohn shows the highest pedestrian through-movement
(NACh_2000SD3) and Walle the highest to-movement (Int_20005SD3) potential, with Arbergen
in both analyses with the lowest values [Figure 2] [Table 1]. This is explaned by the juxtaposition
of Grohn to Vegesack town centre and Walle to the city centre.

The Gravity of Sociability analysis shows that Walle has the highest access to sociability in its
immediate surroundings (3.57) and the wider neighbourhood (5.95), with a large increase from
one to the other through the impact of the city centre [Figure 3] [Table 1]. In Grohn however, the
lowest values have been recorded, with a low increase of 0.57 (from 2.21 to 2.78), suggesting a
low impact of the adjacent town centre. Despite lower syntax values, Arbergen thus has higher
access to urban co-presence. Upon comparison of the city wide map for Gravity of Sociability
[Figure 3] with the destination mapping from the interviews [Figure 4] it can be seen, that the
majority of trips are made to areas with high sociability. This is particularly the case for Grohn,
which has the least active sociable neighbourhood and the highest frequency of leaving the
site. In addition to that, it was the least active and quietest of the three homes during the visits
and interviews.

3.2 SPATIAL POTENTIAL FOR TERRITORIAL INTEGRATION

Public transport was described by the inhabitants during the semi-structured interviews as
easily and frequently used, even in Grohn as the farthest from the centre. The differences in the
Gravity of publictransport analysis [Figure 6][Table 1] do not seem to influence the behaviour, as
long as a decent level of service is provided. The questions that revolved around the inhabitants’
job situation however have shown that this is a highly sensitive topic. Very few people have
jobs in general, due to their early stage of arrival and bureaucratic obstacles. It was hard to
distinguish sometimes between if job positions are held, about to start or only a vague plan.
Every person however strongly expressed the wish to obtain a job as soon as possible. It was
found however, that in Walle several local companies approached the management looking for
low- and medium skilled workers. The same happened in Grohn with one company.
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Looking at the Gravity of Jobs analysis [Figure 5] [Table 1], Arbergen has almost no access to
local businesses (0.00, 0.01), while Walle achieves very high values (1.99, 2.19) with Grohn in
between (0.09, 0.18). While the sample size of these values is too small for any correlation, the
logic of local business approaching the homes in search for low-skilled labour is strengthened
by them.

Figure 5 - Gravity of job accessibility (radius 8oom) analysis results

Figure 6 - Gravity of public transport accessibility (radius 8oom) analysis results
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3.3 DISCUSSION

These findings suggest that ‘interplay segregation’ (Legeby, 2009a; 2009b) through a
neighbourhood with less co-presence, motivates inhabitants to go longer distances towards
centres of high sociability. While this improves the co-presence of different groups of society
and thus increases awareness and potentially tolerance among their members, it may exclude
people of less confidence or reduced mobility, such as the old or disabled, as well as in the war
injured people. It furthermore requires a cheap and easy to use public transport system with
good level of service, such as the one in Bremen.

The built environment thus contributes to facilitate social interaction as the urban form
generates movement and co-presence of people. The street layout of the city shapes the level
of human activity which has been shown to be unequally distributed, and concentrated in and
around central locations in the city. The presence of people not only generates social land uses
alongside it, it also acts as an attractor to people from further afar to enjoy the co-presence
with others in public space, as has been the case for the inhabitants in Grohn.

The relation between jobs and their accessibility is however differently working as described by
Legeby (2013), as it is not individual agency of the inhabitants, but initiative by local businesses
that is the main factor. As this is not a clear bottom-up, but neither a top-down approach, it has
a place somewhere in between.

Furthermore, the absence of the desire to form clusters with people from the same cultural
background is of interest as it seems to contradict other research on migration and cities
(Kershen and Vaughan, 2013; Vaughan, 2005; 2007) that suggests the need for a certain degree
of spatial clustering for new immigrants. This is however not the case, as in forced migration it
is not so much an existing social network that is being used for the arrival process, as it does not
exist very often. Instead, the state agencies and charitable organisations lead the integration
process. For that, a high degree of assimilation and language proficiency is needed, especially
to access the job market. As most people want to avoid marginalisation in this process, the
desire to learn German in everyday contact with locals and build social ties with them is very
strong. In addition to that, a few inhabitants have mentioned that they do not know and do not
want to know what role was played by fellow refugees in the conflicts they fled from, so they
rather avoid contact in general and focus on building a new life in Germany.

In summary, it can be said that local ‘interplay segregation’ does not necessarily lead to
marginalisation, as long as urban movement is taking place towards centres of high sociability.
At the same time, the desire to see and be seen by others in public space is important to the
inhabitants. Being co-present with other groups is part of the integration process and offers a
large potential. Job accessibility has proven to be of importance to employment, as businesses
search for local low-skilled labour.

4. CONCLUSIONS

In this research, three transitional refugee homes in the city of Bremen, Germany, have been
studied regarding their potential for social integration in the city. The built environment was
examined for the influence of urban form on the level of interplay segregation and access
to sociability. Together with semi-structured interviews with 23 inhabitants, space syntax
and Gravity of Sociability analyses were employed to look at urban movement patterns and
behaviour. The Gravity measure was also used in a similar way to analyse the accessibility to
jobs. This was done to see if there is an influence of urban low- and medium-skilled job and
business accessibility on employment.

The findings suggest, that seeing others and being seen in public space (Legeby, 20093a; 2009b;
Legeby et al.,, 2015) is an important part of the inhabitants needs, whether consciously or
subconsciously. Many people also have expressed the wish for more interaction with people
from the host society, especially concerning their prospective location of residence. This
differentiates this specific forced migration process from other research on urban space and
migration, which suggested the tendency to form residential clusters or enclaves (Vaughan,
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2005; 2007; Kershen and Vaughan, 2013). It has been observed that in places with less access
to co-presence in the surroundings, the explicit visit of destinations for sociability including
parks, even if they were further away, was more important. This implicates a certain necessary
level of desire for co-presence, which is either fulfilled in everyday life errands or otherwise
by visits to places of sociability. It is important to note that since the financial possibilities of
most inhabitants are limited, destinations with entry at the door or obligatory consumption are
rarely visited. It also places a certain importance on the cheap availability of public transport,
to overcome those distances for integration with the wider society. Especially in the case of the
home in Grohn, which has the lowest Gravity of Sociability, the observed journeys go either to
the workplace orto destinations for sociability. InWalle on the other hand, which has the highest
Gravity of Sociability and potential for co-presence in the surroundings, the interviewees rarely
mentioned explicit visits to these destinations. This points towards the existence of a spatial-
social interdependent aspect and underlines the importance of co-presence in public space.

The relation that was found between higher job accessibility and more employment relates to
the findings of Legeby (2013) was not so much based on the agency of individual inhabitants, but
onthe initiative of local companies from the neighbourhood, that approach the management of
the home with open job positions or offers for collaborations. Those businesses often recruit in
avery local radius unlike the process for higher-skilled jobs which rely on more global recruiting.
Since it is neither state-led nor individual-driven, this process is a mixture of top-down and
bottom-up processes.
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