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Identifying the economic potential of informal urban areas is a topic of increasing interest for policymakers and
practitioners in less developed countries, yet little is known of how informal street design influences the type and
count of business opportunities. By adapting a space syntax framework, this study aims to quantitatively verify
the association between the street design of informal areas in Cairo and patterns of home-based businesses in
areas where small business prevalence is high. This paper contributes to the literature by developing a meth-
odology which is fit for testing hypotheses, allows to control for the influence of unobserved factors, and which
extracts the spatial rules, trends or logics of business patterns. The results show that street accessibility is an
important factor in encouraging (or discouraging) the settlement of home-based businesses. Home-based busi-
nesses are spatially distributed along the local primary streets, which provide flows of potential customers. Our
findings contribute to a better knowledge base for understanding how different types of economic activities and
the spatial properties of the built environment relate to each other, how street design may impact on the
emergence of small and micro-enterprises, what kind of business may suit isolated laneways, how informal

business activities can be anticipated and managed, and how land use regulations can be improved.

1. Introduction

In Egypt, the informal economy, including agriculture, contributes to
up to 60% of the total GDP, according to official estimates (El-Shar-
noubi, 2019). A major part of this informal sector is organized around
‘home-based businesses” (HBBs) in which low-income households rent
out, or use part of their residential property for retailing, light
manufacturing, food preparation, and/or repair services with less than
five workers (Dwelly et al., 2005; EI Mahdi, 2010; Singerman, 1996;
Smit and Donaldson, 2011; Thai et al., 2019; Tipple, 1993). HBBs tend to
be an important feature of the urban landscape in developing countries
(Breen, 2010; Tipple, 1993) as they were in Europe, prior to industri-
alization (Strassmann, 1987).

There is a voluminous body of literature on the relationship between
the spatial structure of built environments and economic land use pat-
terns at the street level (e.g. Akiyode, 2017; AL-Ghatam, 2009; Chiaradia
etal., 2012; Greene, 2003; Han et al., 2019; Hillier et al., 2000). Many of
these studies are based on the use of Space Syntax theories and tools,
underpinned by two ideas. The first is that movement patterns are
related to the interaccessibility of street spaces (natural movement, see

Hillier et al., 1993). And the second is that the distribution of land uses is
largely determined by the structuring of natural movement (Hillier,
1996a). Generally speaking, more (less) connected spaces, for which
volumes of population movement will be largest (smallest), are expected
to have more (less) retail and service activities (Porta et al., 2012).
However, more research on how such activities are distributed within
less connected, accessible neighborhoods is needed (Thai et al., 2019).
Furthermore, most prior studies have mainly focused on patterns of
movement-driven activities, largely neglecting the patterns of other
types of businesses, such as manufacturing and food preparation, where
clients rarely visit. These types of businesses are understudied within the
context of informal urbanism.

Perhaps more importantly, many previous studies (e.g., Mohamed
and van Nes, 2017; Shafiei, 2007) do not take into account the absence
of business in many streets. Also, the impact of unobserved variables,
such as spatial autocorrelation, remains unexplored. Overall, existing
studies are limited in terms of the sophistication of the methods, often
using a very small sample size (Thai et al., 2019), considering solely one
index of accessibility (Han et al., 2019), or employing only descriptive
statistics or correlation analysis (Shafiei, 2007), which generally
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restricts statistical validity.

This study contributes to developing a framework for examining the
relationships between street design and patterns of home-based busi-
nesses in informal areas. Particularly, we attempt to identify more
detailed spatial distribution and competitiveness rules of different types
of small home-based enterprises. We investigate their interrelated fea-
tures with different spatial street-network metrics in the city of Cairo,
the capital and largest city of Egypt and the world’s 18th largest
metropolitan area, with more than 60% of the region’s population living
in informal settlements (Khalifa, 2015). While many such settlements
may have strong variations of building type and density, they also have
significant morphological similarities that have largely been used to
identify informal urbanism in cities of the global South - often a
small-grain, dense, narrow and irregular street/laneway networks
(Dovey et al., 2020).

The paper will answer three key questions: (1) what is the relation-
ship between street-network accessibility and the occurrence of HBBs?
(2) to what extent can the physical layout of streets explain different
spatial patterns of businesses? And (3) whether and how are the spatial
patterns of business activities in movement-poor areas (i.e. irregular and
isolated street segments) different from traditional businesses in
movement-rich areas, i.e. integrated street segments where there are
high movement flows of pedestrians and vehicles?

Using space syntax tools as well as zero inflated negative binomial
regression models, this study will examine the spatial impacts of irreg-
ular fine-scale street patterns on the spatial distribution of home-based
economic activities in Abu Qatada, Ezbet Al-Nasr and Ezbet Bekhit in
Cairo. Abu Qatada is established on privately-owned ex-agricultural
land, whilst the other two cases are built on state-owned desert lands.
The three settlements are predominantly spontaneous or unplanned and
represent the two main typologies of informal housing in Egypt. The
results of this research will contribute to a broader understanding of how
economic opportunities for various types of businesses are related to the
configuration of the street-network in informal areas. The street-
networks of these areas matter because they are the infrastructure that
define the ways cities mix different populations and practices (Dovey
et al., 2020).

The rest of the paper is organized as follows. The next section briefly
presents profile of HBBs in Egypt. The third section reviews relevant
literature. The study area is described in Section 4. Section 5 presents the
proposed analytical framework. The final two sections show results,
discusses the main findings, concludes the implications for design
practices, considers the limitations, and suggests directions for future
research.

2. Informal labor and home based businesses in Egypt

The process of rural-urban migration is identified as a key factor
underlying overurbanization in developing countries (Jenks et al., 2013;
Pacione, 2001). In Egypt, as in most developing countries of the global
South, a lack of affordable housing and escalating housing demand push
new immigrants to cluster in overcrowded enclaves, turning large parts
of cities into densely built informal housing settlements. However,
dwellings in these areas are not only for shelter but also for earning a
living through HBBs (Smit and Donaldson, 2011; Strassmann, 1987;
Tipple, 1993). Such businesses contribute largely to the household
economy as it takes little capital to set up one’s own business (Singer-
man, 1996; Smit and Donaldson, 2011; Tipple, 1993). HBBs are
commonly set up in ground floor blocks (Crosbie and Moore, 2004).
While HBBs have some negative consequences (e.g. noise and privacy
violations) and are primarily constrained in official housing projects,
especially in the global North, they are still the largest bulk of private
economic activities in many developing-world cities.

The informal economy is made up of all production units, economic
activities by informal workers and the output from that employment
that is partially or fully uncovered by formal arrangements (UN-Habitat,
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2015). Similar to informal housing, the informal economy arises for a
variety of reasons, including rapid urbanization and a lack of job op-
portunities in the formal sector. Although it may occur in formal/-
planned areas, the informal economy is largely associated with the
unplanned settlements. In other words, it is the main option for work for
informal settlers, who constitute the greatest proportion of urban pop-
ulation in developing countries. In Egypt, World Bank estimates show
that informal workers between the ages of 15 and 64 comprise 55% of
the country’s overall labor force (Benjamin et al., 2014). Moreover,
small and micro-enterprises (SMEs), which are employing no more than
four workers, constitute more than 90% of the country’s economic ac-
tivity (Central Agency for Public Mobilization and Statistics CAPMAS,
2017; El-Sharnoubi, 2019), accounting roughly for 58% of employment
and contributing around 75% to the national income by some estimates
(AfDB, 2016). In Greater Cairo, at least 25-40% of all workers are
informally employed, and in 2006 the SME sector generated more than
1.05 million jobs in the metropolis as a whole. While there is a lack of
accurate statistics on informal household businesses, these figures show
that SMEs are by far the prevalent mode in Greater Cairo (Sims, 2010)
and demonstrate the importance of family-related businesses operating
from a dwelling (Singerman, 1996).

While many studies acknowledge the large size of familial enter-
prises in developing-world cities, most of the existing literature focuses
on estimating the size of the informal enterprise sector in general and
trying to grasp working conditions (e.g., El, 2002; Elshamy, 2014). Even
those few studies which have qualitatively examined the streetscape of
economic behavior represented by activities (e.g., Nagati and Stryker,
2013; Shehayeb, 2011) were unsuccessful in identifying the spatial
features of urban spaces where such businesses occur. Overall, the ways
in which the spatial arrangement of pathways supports or stymies
community-oriented businesses are seldom considered.

3. Theoretical framework and hypotheses

Understanding the relationship between business activities and the
urban structure has received a lot of attention in recent years. Since the
1960 s, a growing number of studies (e.g., Gehl, 1989; Jacobs, 1961;
Montgomery, 1998) have been undertaken to understand how the built
form of cities influences social life. For instance, Jacobs (1961) argued
that small blocks promote walking and provide permeable public realm
for interactions and activities (Jacobs, 1961).

Space syntax provides a set of techniques that can empirically verify
Jacobs’ ideas on viable and safe environments through quantifying the
interrelationship between city’s spatial structure and aspects of social
life (Hillier, 1996b). Unlike traditional street life studies, space syntax
tools examine social life indirectly by simulating patterns of urban
mobility through analyzing the relational properties of the urban layout.
According to Hillier and Hanson (Hillier and Hanson, 1984), the street
network of any city is the infrastructure that establishes urban move-
ment patterns and practices. Once this infrastructure is built it gets hard
to change and usually exists in place for centuries. Hillier (1996b)
argued that the spatial configuration or organization of the street
network would naturally draw different patterns of urban movement
and the face-to-face interactions of pedestrians. According to the theory
of natural movement, street spaces connected to many other streets will
enable pedestrian access between buildings, allow the transportation of
goods and, therefore, generate more movement flows, which then
facilitate economic activities and other movement-seeking land uses.
Also, emerging activities are likely to generate “multiplier effects” on
movement and further influence on land uses through attracting more
customers and activities. Referring to this sort of circular causality,
Hillier (1996a) argued that the association between spatial connectivity
and land use patterns is mediated by patterns of movement.

Space syntax has shown to be empirically powerful in interpreting
economic opportunities. For instance, the abovementioned thoughts
were pursued further in studies of socioeconomic class (Omer and
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Goldblatt, 2012; Vaughan, 2007), office buildings (Desyllas, 2000),
retail activities (Narvaez et al., 2014; Ortiz-Chao and Hillier, 2007; Porta
et al., 2009; Scoppa and Peponis, 2015; Sevtsuk, 2010), and various
types of businesses (Thai et al., 2020, 2019).

The main findings from previous studies that have investigated the
relationship between spatial patterns of retail activity and street-
network configuration are as follows: first, more accessible streets are
more likely to be associated with higher numbers of businesses (Omer
and Goldblatt, 2016; Porta et al., 2012, 2009; Scoppa and Peponis,
2015). Second, the degree to which a settlement is able to develop
economic activity through its street-network determines the pathway of
development (i.e. its degree of social and physical consolidation)
(Greene, 2003; Hillier et al., 2000; Shafiei, 2007).

However, many of the abovementioned studies are not without
limitations and, therefore, we should be careful when generalizing their
conclusions to other places. For instance, In their studies on a sample of
17 informal settlements in Santiago de Chile, Hillier et al. (2000) and
Greene (2003) examined the association between the ratio of ‘edge
oriented commercial activities’ (EOCA) of an area and its degree of so-
cial and physical consolidation. They found that well-integrated streets,
especially the edges, are more likely to have significant levels of car
traffic flows and therefore can develop commercial activity, which
contributes to the wider local economy. However, the average size of the
17 settlements did not exceed five hectares where internal commercial
streets are unlikely to be existent (Shafiei, 2007). More importantly,
informal areas vary mostly across and within countries in form, shape,
and urban design, so broad conclusions about them tend to be wrong
(Dovey et al., 2020).

Another relevant study (Han et al., 2019) used a variety of methods
including spatial network metrics to identify the spatial patterns of retail
stores in Zhengzhou city in China. However, the paper only considered
one index of accessibility, disregarding more powerful space syntax
metrics that are able to predict the potential flows of passers-by, po-
tential customers. In this work, we will consider various spatial mea-
sures at different scales of analysis to capture different modes of urban
mobility.

Except for Han et al. (2019) and Thai et al. (2019), the majority of
studies put spatial patterns of various types of activities, such as
people-oriented services (e.g., hair salons, restaurants, coffee shops) and
goods-oriented services (e.g., light industrial work, repairing, and stor-
age), in the same category. Though ideally expected to be spatially
distributed and sorted, the question of whether all various types of small
enterprises need similar levels of street accessibility has to be addressed.

Altogether, this study extends the previous studies in two ways. First,
it empirically attempts to identify the spatial conditions of different
economic functions by examining various spatial patterns of HBBs in
public spaces of informal settlements where the grid system is irregular
and unclear. Second, unlike many existing studies, we develop an inte-
grated analytical framework including both descriptive statistics and
zero inflated negative binomial regression models to test the association
between the spatial layout of a city and its socioeconomic functionality.
We estimate not only how many businesses are captured, but also the
likelihood that informal street design captures any business at all. The
proposed method also accounts for the effect of some unobserved factors
(e.g., spatial autocorrelation). The hypotheses for our inquiry are
formulated as follows:

H;: Home-based businesses are not chaotic; rather, they epitomize a
set of social logics that are largely understudied. They are located on
spatially accessible street segments (as estimated by space syntax syn-
tactic measures), as flows of potential customers are expected to be
higher on such segments.

Although this hypothesis has been confirmed by many scholars since
the 1960 s, including Jacobs (1961), Hillier (1996a) and Hillier et al.
(2000), more research is needed to better understand how irregular, less
accessible informal streets influence business activities.

Hjy: The proximity to a local main street influences the type of
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business opportunities. The present study also asks what type of eco-
nomic activity can suit alleyways and isolated locations.

The results of this research may contribute to our overall knowledge
of optimal economic land use distribution, and to a better understanding
of how urban morphology structures business opportunities. Also, the
outcomes of this study can act as a reference that can help urban plan-
ners and urban designers better understand the current mechanisms of
survival in informal areas where financial resources are limited. Hence,
appropriate planning regulations and development strategies for
declining settlements may be formulated to enhance the living condi-
tions of such areas.

4. Study areas

For the present study, we selected three informal areas in Cairo: Abu
Qatada in Boulaq Al-Dakrour district, Ezbet Bekhit in Mansheit Nasser
district, and Ezbet Al-Nasr, previously known by Turab Al-Yahud (Jewish
cemeteries), in Al-Basateen district (Fig. 1).

Abu Qatada is built on privately-owned ex-agricultural land. It is a
home for nearly 27,016 persons occupying 28 ha (almost 1000 persons/
ha) (Central Agency for Public Mobilization and Statistics CAPMAS,
2017). Land parceling in the area is linear following the former agri-
cultural basin lines. Despite its proximity to the campus of Cairo Uni-
versity, Abu Qatada is bounded by strong physical barriers that isolate
the quarter from its surroundings. To the south, the area is demarcated
by Abdel-Al Canal, whereas Al-Sudan street, Cairo railway Metro line,
and El-Zumour Canal border the area from the east. Besides, all interior
streets and alleyways are unpaved, broken, and potholed.

Unlike Abu Qatata, the other two settlements are established on
state-owned desert land. Ezbet Bekhit is a hilly area of sharp mountain
cliffs accommodating 34,116 inhabitants covering an area of 21.02 ha
(about 1600 persons/ ha) (Informal Settlement Development Facility
(ISDF), 2016) whereas Ezbet Al-Nasr is built on flat land with 72,190
people living on over 30 ha (nearly 2400 persons/ ha) (Integrated Ur-
banism and Sustainable Design IUSD, 2013); these highly unusual high
population densities imply potentially high local foot traffic upon which
many types of businesses depend, The two areas have relatively similar
labyrinthine systems of mostly short or crooked narrow streets, mostly
unpaved, without sidewalks, going in all directions, with varying widths
and irregular subdivisions. These tortuous structures are not just for
walking and cycling, but also for commerce and social interaction. The
few larger streets are occupied with motorized vehicles, such as
tuk-tuks, motorbikes, and cars. Like Abu Qatada, the two areas are in
many ways socially and physically separated from their surroundings.
The majority of inhabitants are shop salespersons, construction laborers,
and machinery mechanics, while others work for the government or in
the private sector.

5. Analytical framework

The proposed framework for identifying the influence of spatial
accessibility on the opportunities for income-generating activities is
composed of four main steps.

First, we conduct space syntax analysis to measure both local
accessibility (R400 m) and global accessibility (Rn). Then, following
Thai et al. (2019), we combine these two measures into a single map to
capture street segments that function as a potential destination for foot
traffics and a pathway for vehicular movements. Afterwards, we chose a
threshold value for combined ‘local and global accessibility’ to capture
well-used street segments which serve as primary/local main streets.
This threshold value was chosen to highlight at least one street block in
each case study area as a primary street.

Second, we map out distribution patterns of HBBs in relation to
primary streets to extract the overall spatial attitudes and trends of these
patterns, i.e. whether they are developed along busy borders and/or
internal local streets.
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Fig. 1. Case study areas.

Third, we test various regression models to explore the statistical
connection between street accessibility and HBBs count per street
segment. In order to get trusted regression results, HBBs data must be
independent of each other (i.e., randomly distributed). We employ
spatial statistics tools in ArcGIS to indicate whether this problem of

spatial dependence (usually referred to as spatial autocorrelation) exists.
Objects exhibit a clustered pattern (positive spatial autocorrelation)
when businesses exist in close proximity to one another, while dispersed
pattern (negative autocorrelation) takes place when businesses are
spread out from one another. A random pattern (no autocorrelation)
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exists when objects are neither clustered nor dispersed. If the incidents
are clustered or dispersed, then a weighted average of the values at
nearby locations must be calculated and controlled to properly measure
the relationship between space syntax indexes (independent variables)
and HBB observations (an independent variable).

Fourth, we calculate the topological (number of turns) and network
metric distances of each HBB from the nearest primary street, or the
highest syntactic values, as an indicator of the spatial affordances that
the spatial arrangement of pathways provides to different types of HBBs.

5.1. Variables and materials

The density of home-based businesses per street segment is the
dependent variable selected for this study whereas a series of space
syntax attributes are considered as independent variables. The material
sources and calculation methods of the variables are illustrated below.

5.1.1. Dependent variable

Incident data for home-based businesses were collected at a building
scale level in 2018 and updated in 2019. Collected HBBs were analyzed
at the level of street segments, by aggregating the number of business
activities per street segment. As noted, there is a diverse spectrum of
business activities in the study areas. Guided by Thai et al. (2019), the
different HBB types were categorized into five main groups (Table 1):
trade (wholesale and retail establishments); manufacturing (food
products, clothing, leather products, metal products, pottery, carpentry,
marble workshop); people-oriented services (hairdresser, cafe, food and
drink outlets, clinic, consultancy office); goods-oriented services (mo-
bile or car maintenance and or repair, parking lots, storage); and others
(mobile stands). As shown below, trade businesses, followed by service
categories, are the most prevailing HBB types in the study areas.

5.1.2. Independent variables

5.1.2.1. Street pattern descriptors. The unit of our analysis is the street
segments generated from the ‘least line axial map’ of the City of Cairo.
This map consists of a set of the fewest axial lines (the longest straight
sight-lines that maximally extends until striking a building or other
material object) that cover roads, streets, squares, or other spaces of
movement. The axial model was created using an official GIS street map
which includes all urban blocks and a network of movement spaces.
While the axial map represents the longest straight lines that can be
drawn through urban pathway systems, street segments are the sections
of streets situated between each pair of intersections. Each street
segment can be described quantitatively in terms of the degree of
connectedness it has with all others in an urban system (Seamon, 2020).
The evaluation of street-network configuration be defined by three
different types of distance: the metric (shortest path), the topological
(the fewest turns), and the geometric/angular (the least angle rotation
distance). Segment angular analysis has empirically proven to be the
best predictor of different modes of movement, followed closely by to-
pological analysis (Hillier and Iida, 2005).

Table 1
Home-based business types in the study areas.
Business type Ezbet Bekhit Ezbet Al-Nasr Abu Qatada
Count % Count % Count %
Trade 292 75.06 420 68.40 573 74.42
People-oriented 66 16.97 52 8.47 61 7.91
services
Goods-oriented 21 540 119 19.38 114 14.81
services
Manufacturing 2 0.52 16 2.61 12 1.56
Others 8 2.05 7 1.14 10 1.30

Total 389 100 614 100 770 100
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Segment angular syntactic measures can be executed at multiple
scales: global measures of a place consider the whole pathway system
without restriction, while local measures restrict the analysis to a
defined catchment area (Baran et al., 2008). In terms of space syntax,
this is called the radii, which could be angular, topological or metric. For
instance, segment angular syntactic analysis at radius n meters (the
entire street-network system, Rn) can capture global motorized traffic
potential and, therefore, corresponds to a large-scale accessibility. On
the other hand, the radius 400 m (R400) (also referred to as the
"pedestrian shed”) has shown to be empirically effective in capturing foot
traffic within a 5-minute-walking distance and, therefore, would be a
more local scale (Al-Sayed et al., 2014; Garau et al., 2020; Mohareb,
2009; Thai et al., 2019; Tran et al., 2015). Following most existing space
syntax studies, five explanatory variables are investigated in the current
research, and all of them are briefly described next.

Normalized angular integration (NAIN) (Hillier et al., 2012) shows the
to-movement potentials/closeness of each street segment from all
others, based on the sum of angle deviation distances. In this sense, the
most integrated street segments would have the minimal absolute
angular turns that are made on each route and vice versa. We executed
the analysis at both radius n (global integration, NAIN Rn) and radius
400 m (local integration, NAIN R400.

Normalized angular choice (NACH) (Hillier et al., 2012), also known
as betweenness, shows how many times each street segment would be
part of the straightest/shortest path between all pairs of potential origins
and destinations within a predefined distance (radius). The shortest path
would have the least angular deviation. In other words, choice refers to
the through movement potentials of various scale levels. Global angular
choice (NACH Rn) highlights the main route network of cities because
these main routes have the least angular deviations to all other street
segments in the system. On the other hand, local angular choice at radius
400 m (NACH R400) can contribute to identifying the most vital street
segments at a local neighborhood level.

Combined NAIN R400 and NACH Rn (Thai et al., 2019): this index
simultaneously highlights the importance a street segment in the set-
tlement and in the entire urban system; while local integration shows
how street segments work as a substantial local destination for pedes-
trians, global choice captures the main route network or global con-
nectors linking potential destinations and various settlements with one
another (van Nes, 2021). In other words, the combined measure cap-
tures multi-modal and multi-scale movements and, therefore, is essential
for wayfinding tasks and other types of functionality such as land use
choices (Al-Sayed et al., 2014). This is similar to what Hillier (1996b)
called “Intelligibility”, the degree to which the local properties of a line
indicate the importance of that line in the entire urban system. For
brevity, the combined index is hereinafter referred to as INCH.

The above index was also utilized to identify primary/local main
streets through dividing the INCH values in the study areas into high,
middle, and low value levels using the natural (Jenks) method. Street
segments with high INCH values were classified as local main streets,
while those attributed to low or middle value classes were identified as
alleyways, secondary streets (Thai et al., 2019).

5.1.2.2. Topological and metric step depth. The topological (number of
directional changes) and network metric (walking distances) catchment
steps from primary streets to HBB activities can be measured to deter-
mine if varying travel distances from primary streets have any effects on
the types of businesses. Although angular step depth analysis has proven
being useful for measuring permeability (van Nes, 2021), it might not be
appropriate for visibility analysis at a fine scale level (Thai et al., 2019).
For example, in angular analysis we can unify curving streets as one
element, even if we cannot see the other end; but in topological such
streets would be in several elements/steps of visibility, as opposed to
long quasi straight streets. For one, the notion of discreet steps is
possible with topological/visual distance, while in angular deviation we
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would need to define some sort of threshold of what is a step. And with a
threshold, angular distance becomes virtually identical to axial step.

5.1.3. Control variables

5.1.3.1. Street segment length. It is a fundamental element of the street-
network structure of towns and cities. It might be expected that the
properties of different lengths of blocks would affect the number of
dwellings and, thus, HBBs found on a street segment. Longer street
blocks are likely to have higher number of homes and businesses than
shorter ones (Hillier and Sahbaz, 2005; Shafiei, 2007). In other words,
street segments with zero observations are expected to be significantly
shorter than those with nonzero observations. In order to operationalize
the higher observations often found on longer street segments, our sta-
tistical models will control for the urban block length. The term used for
modeling the length of street segment in regression analysis is exposure
(Summers and Johnson, 2017). The exposure variable changes each
observation from a count into a rate per length.

5.1.3.2. Spatial lag. A potential problem with incident data is that they
may exhibit some locational similarity. Specifically, if neighboring ob-
servations have similar values, they would be spatially autocorrelated
thus violating the assumption about the independence of residuals (i.e.
the difference between an observed and a predicted value) and ques-
tioning the validity of standard significance tests. Put another way, p-
values and coefficients of the regression models cannot be trusted when
spatial correlation exists. Then a weighted variable (spatial lag) must be
calculated and controlled to properly examine the relationship between
dependent and independent variables.

In this study, we used the Global Moran’s I tools in ArcGIS to check
whether there is a spatial autocorrelation problem. This tool measures
spatial autocorrelation based on feature locations and values (Mitchell,
2005). As an incident data aggregation method, Moran’s I mandates
providing both points input features and an analysis field. Justifying a
specific distance to reflect the scale of analysis was not possible.
Consequently, we employed the ArcGIS Optimized Hot Spot Analysis
tool which is based on the Getis-Ord Gi* statistics (Ord and Getis, 1995)
to automatically compute an optimum polygon cell size, 17 m in our
study, to create a fishnet polygon joined with the point dataset. Then
each cell polygon was given a numeric attribute based on the sum of the
points that fall inside it, and a count field showing how many points in
each polygon was specified as an analysis field. Then, the Global Mor-
an’s I was given as:

> z Wij (xi—X)( — X)

1= 2
i (xi = X)

S Wi

Where n is the entire number of features, (x; - X) is the deviation of a
feature i from its mean, wj; is the spatial weight between feature i and
feature j. Positive Moran’s I index (maximum=1) means that values
cluster together (positive spatial autocorrelation) whereas a negative
value (minimum = —1) typically indicates dispersion (negative auto-
correlation). Additionally, random dispersion (no autocorrelation) takes
place when Moran’s I is zero. Overall, the results of the analysis are
explained in the context of the null hypothesis which states that the
pattern expressed is randomly distributed (spatially uncorrelated). If the
returned p-value is statistically significant, then the null hypothesis that
the analyzed data is independent or randomly distributed will be
rejected (Moran, 1950).

One explanation for data clustering is ‘multiplier effect” which de-
scribes that businesses will attract more businesses and people to gain
the biggest share of the market (Hillier, 1996a). This is also referred to as
the ‘Hotelling’s Law’ where similar businesses appear close to other
similar businesses as possible in space (Hotelling, 1929).
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The present study controls for this issue of spatial dependence in
regression models through spatial lag operators. Spatial lag comprises a
weighted average of the values at nearby sites (Anselin and Bera, 1998).
The spatial lag for a given segment is calculated as follows:

where i is the root segment; N is the total count of segments; C; is the
number of HBBs on segment j; and dj is the Euclidean (straight-line)
metric distance between the centroids of segments i and j (Summers and
Johnson, 2017).

5.2. Statistical analysis

5.2.1. Analysis of Variance (ANOVA)

Statistical testes are conducted to determine whether the differences
among various spatial attributes for the study areas are statistically
significant. The one-way ANOVA test (Fisher, 1992; Howell, 2002) or
Kruskal-Wallis H test (nonparametric ANOVA) (Kruskal, 1952) can be
used to make comparisons between more than two groups; the former is
often used when the data are not normally distributed, while the latter is
generally applied if the assumption of normality distribution is violated.
While the Kruskal-Wallis H test compares mean ranks, the one-way
ANOVA test assesses the differences among the means. The results of
these tests can indicate whether the differences among groups are sta-
tistically significant overall, but do not identify where those differences
lie. Consequently, if, and only if, there are significant results, then a
post-hoc multiple comparison test, namely the Tukey’s HSD test (Tukey,
1949), is conducted in order to determine which specific groups are
different.

5.2.2. The negative binomial regression models

As noted before, a number of space syntax studies have determined
the effect of the street-network structure on the spatial distribution of
retail activities. However, these studies have varied significantly in
terms of their methodological and analytical approaches. For instance,
Omer and Goldblatt (2016) performed traditional linear regression
analysis which assumes that the dependent variable is normally
distributed. Yet, the dependent variable, the number of retail stores per
street segment, is count data that might have an excess of zero counts (i.
e. the absence of HBB on many streets); thus it does not necessarily
follow a normal distribution. In contrast, in his study, Shafiei (2007)
aggregated commercial street segments into 13 “bands” of the similar
count of buildings and calculated the actual commercial rate for each
band by aggregating all commercial buildings comprising the band and
dividing by the gross number of buildings. Grouping segments based on
the number of buildings, however, does not control for any logarithmic
function that the segment length may exert and, therefore, may signif-
icantly smooth the sample thereby normally producing misleading
correlation results with fine-resolution datasets (See Summers and
Johnson, 2017).

Differently, Shafiei (2013) and Mohamed and van Nes (2017) bor-
rowed the “Lorenz curve”, which is widely used to describe the
inequality distribution of income and wealth (Lorenz, 1905), in a planar
that plots percentiles of commercial buildings according to spatial
accessibility. In a typical application of the “Gini coefficient” (Gini,
1912), a mathematical summary of the difference between the hypo-
thetical line presenting maximal equality and the actual line of income
distributions(Lorenz curve)’, people might have a clear definition of the
group they will focus on. In contrast, the aforesaid studies plotted per-
centiles of accessibility to find the ‘lowest accessibility’ groups, which
might define the group in a fuzzy way, and reduce the reliability of the
results especially in small size neighborhoods.

In the present research, the data being analyzed are count data which
might not be normally distributed. Count data sometimes have excess
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zeros where the observed frequency of zero values is uncommonly large.
Also, the variance of the count data is usually greater than its mean. In
other words, count data tend to exhibit greater variability (statistical
dispersion). A zero-inflated negative binomial regression (ZINB) model
can be used for over-dispersed count data (Hilbe, 2014).

ZINB models combine two distributions: (1) the negative binomial
distribution to model the effects of independent variables on non-zero
counts and (2) the logistic (logit) distribution, the inflation model, to
model the probability of excess zeros (zero observations vs. nonzero
observations) to determine whether or not a space syntax variable
indulged in a successful investing activity (Cameron and Trivedi, 1998);
put another way, the logit model predicts the probability of being the
‘certain-zeros’ /structural zeros (likelihood for being a non-commercial
street) (He et al., 2014). Vuong test statistics (Vuong, 1989), a
likelihood-ratio-based test, is estimated in regression analysis to test
whether the zero-inflated model better predicts our dependent variable
than the non-zero inflated (standard) model. Significantly positive
Vuong statistics favor the ZINB models, whereas significantly negative
results favor the standard models.

6. Results
6.1. Spatial characteristics of the study areas

Comparisons between the study areas reveal substantial differences
in their spatial properties. As shown in Fig. 2, global choice and inte-
gration analyses indicate that the three neighborhoods are located along
at least one definable edge which tends to be a freeway, marked in red.
The outer active edges offer high vehicular traffic which has been re-
flected in the development of home-based businesses. While the
bordering highways can act as integrators that support residents to keep
socio-economic connections with adjoining settlements, some can act as
barriers that physically disconnect the wider metropolis by segregating
or splitting settlements (Abozied and Vialard, 2020). As expected, the
study areas are generally globally isolated (marked in green and blue
patches) from the surrounding context by strong physical barriers, such
as railways, metro lines, canals and flyovers. For instance, Aub Qatada is
largely divorced from its wider urban context by the major barriers of
Cairo railway Metro line, El-Zumour Canal and Tharwat flyover. Visual
comparisons generally show that Ezbet Bekhit is the most isolated
quarter due to steep landform which creates a labyrinth-like street
structure with frequent dead-ends. Similar results can be also found for
local choice and integration values.

In order to make statistical comparisons between the study areas, we
need first to check for the normality assumption to decide which sta-
tistical test is more appropriate to use. We found that Syntactic data for
our groups violate the assumption of normality that is required for
ANOVA, and therefore, we chose Kruskal-Wallis H test instead. The
outputs of Kruskal-Wallis statistics point to significant differences
among the study areas in all space syntax spatial attributes (p < 0.05).
Thus, it is meaningful to apply post hoc Tukey’s test to identify which
specific groups differed (Table 2).

As can be seen from the results of post hoc test in Table 2, there is a
statistically significant difference in both global (NAIN Rn) and local
integration (NAIN R400) between Abu Qatada and Ezbet Al-Nasr, as
well as between Ezbet Al-Nasr and Ezbet Bekhit (p = 0.000). Put it
simply, Abu Qatada is the most spatially integrated at the city-wide
scale, whereas Ezbet Bekhit is the most spatially segregated at both
settlement and city levels. Moreover, the mean ranks of NACH Rn for
both Abu Qatada and Ezbet Al-Nasr are significantly higher than that for
Ezbet Bekhit. These spatial factors affect pedestrian and vehicular
movement patterns and, therefore, are prime determinants of the
development of HBB, especially at the edges of the settlements (Hillier,
1996a; Hillier et al., 2000). This may explain why Ezbet Bekhit has the
lowest number of street segments with HBB as compared to the other
two areas. On the other hand, street segment length in Ezbet Bekhit is
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significantly shorter than that in the other two areas to best fit the
difficult topography of the land.

6.2. Distribution patterns of HBBs

As mentioned in Section 5, INCH index was employed to capture
primary streets through combining both NAIN R400mNACH Rn mea-
sures into a single map (Thai et al., 2019). Then, we divided the output
index into high, middle, and low value levels using the natural (Jenks)
method. The threshold for the minimum value of INCH for local main
streets was at 1.30. This threshold value can highlight at least one main
street in each study area. This was in line with the onsite visits of the
study areas where many well-used street segments are highlighted in the
map. Seemingly, the INCH index is more powerful than the traditional
integration core analysis (i.e. a pattern made up of 5%, 10% or 25% most
integrating streets, or a given number of street blocks based on the size
of the system), because the former can show how street blocks act as
both a potential destination for pedestrians and a route for large-scale
vehicular traffic flows.

As observed, Fig. 3 shows that Ezbet Bekhit has a lower number of
primary streets as compared to the other two settlements. Such streets
capture 51.41% of HBBs in Ezbet Bekhit, as compared to 60.71% and
64.38% in Ezbet Al-Nasr and Abu Qatada respectively. Notably, business
developments are not confined to the study areas’ borders/edges, but
dominantly cluster along the internal routes as well. As spatially
accessible locations, primary streets host various types of businesses,
especially retail trading businesses (e.g., supermarkets) and people-
oriented services (e.g. food stalls and cafes). Meanwhile, goods-
oriented services, especially car repair workshops, and larger-scale
trade establishments, such as building material businesses, are usually
found on the busy borders rather than the internal routes. Indeed, these
businesses target non-local residents, thus require a stronger direct link
to the outside to find clients. It is also easier to transport goods through
external routes. In contrast, local groceries and food outlets mostly serve
the inner residential blocks and, therefore, show clusters within the
internal routes (see Venerandi et al., 2017).

In contrast to trade and various service categories, small-scale
manufacturing businesses (e.g., iron-work and carpentry workshops
are less observed in the study areas as compared to other types of
businesses. Finally, in line with Thai et al. (2019), other uses such as
mobile stalls offering fresh foods or drinks are usually found in empty
corners where main routes intersect.

6.3. Statistical analysis

6.3.1. Checking for spatial autocorrelation

A potential problem with HBB data is that they might be spatially
autocorrelated. A common GIS tool of measuring the level of spatial
autocorrelation is the Global Moran’s I tool which tests this problem
based on both attribute locations and values simultaneously. Calcula-
tions for Moran’s I and its associated p-value indicates whether or not to
reject the null hypothesis which states that the data are spatially un-
correlated. Given the results in Table 3, we reject the null hypothesis at
the level 0.1% of confidence. Furthermore, the positive Moran’s values
indicate that the pattern expressed is clustered. One possible explana-
tion for this clustered pattern is multiplier effects produced by similar
businesses on urban movement, which then attract more movement-
driven land uses (Hillier, 1996a). As mentioned above, this autocorre-
lation violates most statistical tests, so it is essential to weight it by
including a spatial lag variable in the statistical analysis.

6.3.2. Regression models

To reveal the link between HBB count and street-network accessi-
bility, several ZINB regression models were employed: the baseline one
with only one variable, spatial lag, for controlling for problems caused
by spatial autocorrelation in our data; the five separate models to
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Abu Qatada

NACH Rn

NACH R400 m

NAIN Rn

NAIN R400 m

Fig. 2. Space syntax analysis in the study areas, considering that red colors represent higher values while blue ones indicate lower values; NACH = normalized
angular choice, NAIN = normalized angular integration.
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Table 2
Descriptive statistics for various space syntax spatial attributes in the study areas.
EB EN AQ Kruskal-Wallis (Sig.) Tukey’s test (Sig.)

Total number of segments 659 551 516

Non-residential segments 128 277 244

NAIN Rn Mean 7466 9161 .9449
Mean rank 407.34 1073.68 1221.65 .000* EB: AQ 0.000*
Std. Dev. .1055 .0635 .0740 EB: EN 0.000*
Min .5347 7306 .7099 AQ: EN 0.000*
Max .9593 1.1876 1.1822

NAIN R400m Mean 9155 1.1210 1.0631
Mean rank 656.36 1043.90 935.41 .000* EB: AQ 0.000*
Std. Dev. .2118 .2473 .2598 EB: EN 0.000*
Min .3453 .5342 4735 AQ: EN 0.000*
Max 1.4713 1.7788 1.7353

NACH Rn Mean .8214 .8535 .8355
Mean Rank 822.97 888.78 888.27 0.029* EB: AQ 0.025*
Std. Dev. 4118 .4040 4137 EB: EN 0.022*
Min .2605 .4090 .1530 AQ: EN 0.987
Max 1.380 1.4949 1.4950

NACH R400m Mean 19662 1.0143 .9857
Mean rank 819.82 905.96 873.94 .009* EB: AQ 0.064
Std. Dev. 4786 4716 4822 EB: EN 0.003*
Min 5421 .8232 .3487 AQ: EN 0.293
Max 1.4529 1.4954 1.5579

Street segment length (meters) Mean 20.704 29.1813 32.7168
Mean rank 731.43 946.52 943.51 .000* EB: AQ .000*
Std. Dev. 14.274 22.0246 35.4922 EB: EN .000*
Min 5.0165 6.0063 5.0112 AQ: EN 0.921
Max 131.8917 154.7302 305.3445

Notes: EB = Ezbet Bekhit, EN = Ezbet Al-Nasr, AQ = Abu Qatada;

nificance at the 0.05 level of confidence.

; NACH = normalized angular choice; NAIN = normalized angular integration; * represents sig-

Ezbet Bekhit

Trade ® Manufacturing
People-oriented service ® Others

® Goods-oriented service —— Main Street
Secondary Street

360 180 0 360 Meters

Fig. 3. Locations of home-based businesses and main/secondary streets in the study areas.
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Table 3
Results of Moran’s I analysis.
Moran’s I index Expected index z-score p-value
Ezbet Bekhit 0.1382%** -0.0049 4.5433 0.000006
Ezbet Al-Nasr -0.0028 4.1138 0.000039
Abu Qatada -0.0051 2.5882 0.0096

Notes: * represents significance at the 1% level of confidence.

investigate the influence of each of the space syntax indicators inde-
pendently after controlling for the effects of the spatial lag variable; and
the full model with all the independent variables to simultaneously
determine their relative effects on HHBs occurrence.

In the regression analysis, we aggregated the five types of home-
based business under one variable because some separate types of
business in the study areas were relatively small for a meaningful
analysis (e.g. manufacturing type had 18 and 23 parcels in Ezbet Bekhit
and Ezbet Al-Nasr respectively).

For all statistical models reported here, the dependent variable is the
number of businesses on the street segment; the control variable is the
spatial lag; and the exposure variable is segment length. We also used
standardized regression coefficients (sCoef.) (Menard, 2004) to deter-
mine which of the space syntax attributes (the dependent variables) has
a greater effect on HBB count (the dependent variable). In other words,
Standardization of the coefficient quantifies the magnitude of the effect.
A higher coefficient reveals a stronger influence, and vice versa. Prior to
testing the influence of space syntax spatial attributes on HBB count, a
baseline model that considered only one predictor, the spatial lag, was
assessed (see Table 4). ZINB models were found to be statistically su-
perior to other count models (i.e. standard negative binomial models
and Poisson models) in interpreting the spatial distribution of HBBs.

The baseline model (Table 4) shows that neither the standardized
coefficient (sCoef.) for the count model, or the log odds in the inflate part
were statistically significant in the case of Ezbet Bekhit. This means that
street segments adjacent to those segments with (more) HBB count do
not necessarily have business activities. In contrast, for Ezbet Al-Nasr
and Abu Qatada, the spatial lag variable had a positive and significant
effect on HBB count. For instance, in Ezbet Al-Nasr, if spatial lag
increased by one unit, the HBB count would be expected to increase by
0.173 per unit of street length, and the log odds of being an excessive
zero would decrease by 1.073. In other words, the closer the street
segments are to those segments with a higher HBB count, the less likely
there would be zero economic activities. This could be a result of the
multiplier effects generated on land use choices (Hillier, 1996a).

Table 5 shows the outputs of the five separate models (NACH Rn,
NACH R400, NAIN Rn, NAIN R400 and INCH) after weighting the in-
fluence of the spatial lag variable. For the variable of NAIN R400, sta-
tistically significant coefficients were found in both of Ezbet Bekhit and
Abu Qatada. As expected, for the remaining models, significant associ-
ations were found either for the predicted count of HBB, or for the log
odds of being an excessive zero. Generally speaking, NACH Rn was the
best predictor of HBB count followed by NACH R400. For Example, in
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Ezbet Bekhit NACH Rn (1.21) enjoyed considerably higher standardized
coefficient than that for NAIN Rn (0.626), NAIN R400 (0.517), and INCH
(0.616). This simply means that a unit increase in the local choice var-
iable would be accompanied by a 1.21 increase in the HBB count per unit
of street length, while holding the other variables in the model constant.
On the other hand, the results from the logit component of the ZINB
model showed that INCH was the most useful for estimating the likeli-
hood of whether or not a street segment has no business. In Ezbet Bekhit
and Abu Qatada, the standardized coefficients of INCH are significantly
negative which means that as the INCH value increases, probability of
no business being captured by that variable decreases. This is in line
with our expectations. In contrast (in Ezbet Al-Nasr), the higher the
INCH score, the more likely the street segment is a structural zero (i.e., a
residential segment).

These findings are fully supported by previous studies in that com-
mercial uses are more probably to take place on street segments with
higher local and, or global-scale street accessibility (Omer and Gold-
blatt, 2016; Porta et al., 2012; Scoppa and Peponis, 2015).

The full model with all independent variables can simultaneously
estimate their relative effects on HBB count. Due to multicollinearity
problems, all space syntax variables were initially not significant neither
in the count part, nor in the inflate part of this model. We eliminated this
problem through omitting two highly correlated variables (i.e. NACH Rn
and NACH R400). All remaining variables in the final model passed both
correlation analysis and variance inflation factor (VIF) examinations.

The results from the final model demonstrated that predicted HBB
count was significantly positively associated with INCH in both Ezbet
Bekhit, and Ezbet Al-Nasr (Table 6). In other words, economic activities
were largely agglomerated along street segments with higher INCH
values, which tend to be local main streets (i.e. key local destinations
with high rates of large scale passing movement). Additionally, NAIN Rn
was only significantly positively associated with predicted HBB count in
Abu Qatada. One possible explanation of this is that major nodes such as
the metro station of Cairo University on the area’s outward facing edges
function as major global destinations for people and therefore encourage
developing business activity. On the other hand, NAIN R400 was neutral
in predicting HBB count in the full model. Finally, the logit part of the
ZINB model showed that those segments affected positively by NAIN
R400 had a significant higher probability of being in the ‘certain-zero’
group.

In other words, street blocks adjacent to these main streets are ex-
pected to have more economic opportunities than those located further
away from.

Although regression analysis commonly confirms the relationships
between street design and economic activities, further analysis is needed
to examine more closely the proximity of different types of businesses to
key routes, which supply potential customers. In other words, the next
section attempts to examine the influence of both topological and
network metric proximity to local main streets on the choice of business
type.

Table 4
Standardized coefficients of the baseline zero-inflated negative binomial.
Ezbet Bekhit Ezbet Al-Nasr Abu Qatada
sCoef. StErr.  P>|z| sCoef. St Err. P>|z| sCoef. StErr.  P>|z|
Count
Spatial lag .2776 .1638 0.090 0.1725* 0.0669 0.010 .1859* .0814 0.022
Inflate
Spatial lag ~ -1.8227 .9986 0.068 -1.073* 0.4179  0.010 -1.775%* 6727 0.008

Likelihood-ratio test of alpha = 0: chibar2(01) =
19.62 Pr> = chibar2 = 0.0000Vuong test of zinb vs.
standard negative binomial: z = 2.60 Pr>z = 0.0046

Likelihood-ratio test of alpha = 0: chibar2(01) =
16.57 Pr> = chibar2 = 0.000Vuong test of zinb vs.
standard negative binomial: z = 2.12 Pr>z = 0.0171

Likelihood-ratio test of alpha = 0: chibar2(01) =
23.92 Pr> = chibar2 = 0.000Vuong test of zinb vs.
standard negative binomial: z = 1.85 Pr>z = 0.0321

The Vuong tests (Vuong, 1989) in all study areas are significantly positive suggesting that the ZINB models are better than standard negative binomial models.

Notes: * and ** represents significance at the 5% and 1% levels of confidence respectively.
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Table 5

Standardized coefficients of the negative binomial model with spatial lag as control variable and segment length as exposure variable, with five separate models for each syntactic measure.

Model

NAIN Rn NAIN R400m INCH

NACH R400m

NACH Rn

sCoef.

AQ

EN

EB

AQ

EN

EB

AQ

EN

EB

AQ

EN

EB

AQ

EN

EB

Count

4860%** 8205***
.1567*

6163+**

1.5983%**
.0723

.2066

5170%+*
2691*

1.017%** 1.5599%** .5296%** 7831 %** .6260%** .1700* 793%x*
.2929%* .1722% .2230*

4771w

1.2068%+*
4593++%

Space syntax measure

Spatial lag
Inflate

.2839%**

.3887***

.2453***

.5016%**

.22092%*

.1686**

.2174**

.1894%**

-.3802* -.6286 -9.918* - T774%x* 1.5213* -1.317*
-3.741%

.1870
-.4470

.3335 -.3811 -.3630 .2331 -1.2491 -.5014* -.8246

-.8617*

Space syntax measure

Spatial lag

-1.6801+** -2.052%*

-.856%**

-.9671%*

-.94Q%

-1.233** -2.004** -1.145%** -1.295%* -1.841** -.5604** -.9707**

-.8862%**

Abu Qatada; NACH = normalized angular choice; NAIN = normalized angular integration; *p < .05, **p < .01, ***p < .001. The Vuong tests also suggested that the

Ezbet Al-Nasr, AQ =

Ezbet Bekhit, EN
zero-inflated negative binomial models were a significant improvement over standard negative binomial models.

Notes: EB

11
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Table 6
Standardized coefficients (sCoef.) of the full negative binomial model.
Ezbet Bekhit Ezbet Al-Nasr Abu Qatada
sCoef. P>|z| sCoef. P>z sCoef. P>z
Count
INCH .7141* 0.021 .3899%** 0.000 .1522 0.505
NAIN Rn -.3414 0.179 1279 0.076 6.141%** 0.000
NAIN R400 .14325 0.626 .0284 0.765 .5422 0.202
Spatial lag 4281%** 0.000 .3040%** 0.000 .3440%** 0.000
Inflate
INCH -1.5522%* 0.003 2.6662 0.228 -2.1587 0.281
NAIN Rn -.6676 0.081 -.6125 0.482 6.933 0.064
NAIN R400 1.1795* 0.011 -.3132 0.817 -2.080 0.103
Spatial lag -.6989* 0.010 -1.7769** 0.001 -3.6603 0.106

Notes: NACH = normalized angular choice; NAIN = normalized angular inte-
gration; *p < .05, **p < .01, ***p < .001. Likelihood-ratio tests of alpha =
0 verified that the negative binomial was more appropriate than the Poisson
model. The Vuong tests also demonstrated that the zero-inflated negative
binomial models were a significant improvement over standard negative bino-
mial models.

6.4. Distribution patterns of HBBs using topological and metric step depth

This section uses both topological and metric step distances to
examine whether varying distances from HBBs to the nearest primary
streets have any effects on the types of businesses.

The scatterplots shown in Fig. 4 demonstrate how business types are
topologically and metrically distributed in relation to the nearest local
main streets. HBBs operated entirely on-ground floor spaces of the study
areas. In Ezbet Bekhit, nearly two-fifths of economic activities opened
directly onto main streets and almost one-third were within one direc-
tional change and less than 75 network meters away from local main
streets. The most syntactically segregated activity was located 7 turns
and 324 network meters from the nearest main street. In Ezbet Al-Nasr,
nonetheless, 67.4% of HBBs were located less than two turns from their
nearest main street while the deepest business was no more than three
turns and 175 m away. Finally, about 99% of businesses in Abu Qatada
were within two turns and less than 165 m from their closest main street.

As can be seen in Table 7, Abu Qatada commonly had the smallest
mean topological and metric distances for various HBBs from the nearest
local main streets as compared to Ezbet Al-Nasr and Ezbet Bekhit. A
Kruskal-Wallis H test yielded significant variation among the study
areas, p < 0.05. Pairwise comparisons using post hoc Tukey test showed
that various HBBs types in Ezbet Bekhit and Abu Qatada settlements
differed significantly (p < 0.05) in terms of both topological and metric
proximity to primary streets. In contrast, Ezbet Al-Nasr was not signif-
icantly different from Ezbet Bekhit in terms of goods-oriented activities.
Moreover, Abu Qatada was not significantly different from Ezbet Al-
Nasr with regard to people-oriented activities. Overall, HBBs in Abu
Qatada were topologically and metrically closer to the local main
streets, as compared to the other two areas. In other words, these
businesses were more spatially distributed and sorted in Abu Qatada.
These results extend and confirm the findings of the previous studies of
an association of homed-based economic opportunities and urban
morphologies (Hillier, 1996a; Thai et al., 2019). Finally, topological
distance was commonly better than network metric distance in revealing
HBBs differences among the study areas.

The evidence from the three settlements confirms that various types
of business opportunities in the study areas are shaped by the possible
volume of pedestrian and vehicular traffic (Hillier, 1996a). In contrast,
business activities tend to be scarce and selective in less accessible lo-
cations, such as laneways. As an example, storage spaces are usually
found in very isolated locations with less exposure to foot traffic. Those
living on these locations depend on lower rates of local traffic to run
their businesses. While these businesses do not necessarily follow the
theory of natural movement, they might be driven by other potential
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Fig. 4. The topological and network metric proximity of various types of HBBs from the dwelling to the local main street for the three study areas.
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Table 7

Land Use Policy 115 (2022) 106010

Descriptive statistics and multiple comparisons for topological and metric distances for various types of businesses in the study areas.

Topological Distance

Metric Distance

EB EN AQ Kruskal- Wallis Pairwise EB EN AQ Kruskal- Wallis Pairwise
(Sig.) Comparisons (Sig.) Comparisons
(Adj. sig.) (Adj. Sig.)
Goods-oriented Mean 0.9047  0.7563  0.1667 EB: 0.613  33.7004 41.9616  49.9421
services EN
Mean 14336 153.92 97 0.000 EB: 0.006  103.33 123.69 135.93 0.118
rank AQ
Std. 1.3749 0.7245 0.3973 EN: 0.000 5.0164 3.8861 4.4757
Dev. AQ
People-oriented Mean 0.9848 0.3846  0.4754 EB: 0.020 41.8508  20.7115  30.2319 EB: 0.089
services EN EN
Mean 103.41 80.42 83.66 0.011 EB: 0.046 103.91 83.88 80.16 0.0154 EB: 0.021
rank AQ AQ
Std. 1.2464 0.5654  0.7212 EN: 1.000 56.3379  32.7142  55.6635 EN: 1.000
Dev. AQ AQ
Trade Mean 1.43 0.81 0.70 EB: 0.001  66.4879  38.9123  43.5731 EB: 0.001
EN EN
Mean 746.98  649.25 585.43  0.000 EB: 0.000 725.46 621.93 616.42 0.000 EB: 0.000
rank AQ AQ
Std. 1.570 0.781 0.875 EN: 0.012  72.2434  38.4064  51.9645 EN: 1.000
Dev. AQ AQ

Notes: EB = Ezbet Bekhit, EN = Ezbet Al-Nasr, AQ = Abu Qatada.

attractors such as high building density and the like.
7. Conclusions

This article has examined the association between street layouts and
HBB, using a zero-inflated negative binomial regression analysis of
Cairo’s informal areas blocks and employing both spatial statistics ap-
proaches and space syntax measures of street accessibility. When each
space syntax variable was investigated independently in a separate
model, all measures, including NACH Rn, NACH R400, NAIN Rn, NAIN
R400an INCH, were found to be positively related to HBB count. In other
words, more accessible streets were more likely to have higher numbers
of economic activities. Furthermore, it was also found that the INCH
index could add significantly to explaining economic functional capa-
bilities of paths and alleyways. While multicollinearity undermined the
statistical power of the analysis, and made it difficult to investigate the
unique effect of each syntactical variable simultaneously, the full model
confirmed that the HBB count was best explained by the INCH index,
which captures local and global scale movement flows.

The results demonstrated that Ezbet Bekhit was less successful than
both Ezbet Al-Nasr and Abu Qatada in attracting more business activ-
ities. Ezbet Bekhit had significantly shorter and denser street segments
and was more globally and locally spatially segregated than the other
two cases. In addition, Ezbet Bekhit had the fewest number of local main
streets, which were largely found on the settlement’s borders; none-
theless, home-based economic opportunities penetrated the internal
spatial structure of the area to meet the daily needs of local inhabitants.
In contrast, local main streets in the other two cases were distributed on
both the edge and the internal structure. These findings substantiate the
significance of street-network configuration to economic potentials. In a
nutshell, local central streets attract capital and foster the flourishing of
investment opportunities due to the good volumes of both people and
vehicles; in contrast, alleyways are usually visually and spatially poorly
accessible, and therefore, suit a certain type business opportunities
which become scarce and selective. This diverges from traditional
businesses in more connected, accessible locations.

Confirming the second hypothesis of this article, movement-seeking
activities (e.g. retail establishments) were encouraged along the main
street and segments nearby, whereas very isolated locations (e.g. lane-
ways and dead ends) were used for workshops and other uses that do not
require direct customer contact. These findings would serve to support
informed planning decisions on developers’ and cities’ economic
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investments. For instance, amenities, major retail establishments, goods-
oriented businesses, and offices can be developed through the settle-
ment’s outward facing edges, global thoroughfares, to participate in
wider local economy. At the other extreme of the spectrum are local
retail buildings and the like that can be located through the more local
routes to achieve a smooth hierarchy in transaction from public to pri-
vate spheres. In addition, homestay businesses and working places
receiving fewer numbers of customers such as factories, headquarters
and laboratories can be placed at less accessible streets.

Our findings, however, are partial and limited to the distinctive
urban character of the case study areas. Nevertheless, the three settle-
ments’ organic urban morphologies and high density are similar to many
slum areas in the global South and therefore statistical results could
parallel a close trend in developing-world cities. Future empirical in-
vestigations should examine the degree to which these findings exist
elsewhere. Another limitation is that the current research did not test the
impact of other causal factors of economic activities such as building
typologies (Narvaez et al., 2014; Thai et al., 2019), building heights
(Ratti, 2004), and other urban design qualities (Hamidi et al., 2020) due
to data unavailability. Also, the spatial lag variable was computed in this
study based on Euclidean distance rather than network metric distance.
While these limitations might question the applicability of the analysis
results and conclusions, they call for additional empirical studies where
there are data available for other variables.

There are numerous future research avenues. First, this article
mainly considered space syntax metrics to test the effects of street
network pattern on the distribution of economic activities. Utilizing
tools that can combine space syntax measurements with conventional
measurements of attraction can be considered for future research
(Marcus et al., 2019). Also, there are undoubtedly other morphological
properties of the built environment that could have a wide range of
socio-economic implications and, therefore, could be explicitly included
in future work. For instance, urban design qualities such as building
density, “transparency” of building facades, length of frontage, number
of entrances, openness, imageability, proximity of bus stops and un-
derground stations, and numerous others could have the potential to
impact various business activities. Second, further qualitative research
about the typology of commercial-residential households may direct
research as well. Finally, conducting complementary qualitative
methods such as in-depth interviews and focus groups could properly
explain the social logic behind the typological pattern of businesses and
their spatial distribution.
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In summary, experiences of people can often teach us more about
optimal land use planning than official practices. Overall, business-
owners/home buyers, planners, urban designers, and policymakers
should consider the knowledge of visual and spatial accessibility char-
acteristics of different types of economic activities. Our results could
inform urban development practices not only in informal areas and the
like, but also in planned places. The lesson learned from the study areas
in this article is that different open spaces relate to different economic
potentials that should be taken into consideration. Choosing the
appropriate land use regulations can pave the way to a more sustainable
economy that fits individuals’ skills, financial abilities and available
spaces.
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