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Sustainable urban form: socio-demographic and permeability 
factors as determinants of crime spots in cities, case of Akure, 
Nigeria
Michael Oloyede Alabia and Eleojo O Abubakarb

aDepartment of Urban and Regional planning, The Federal University of Technology, Akure, Nigeria; bSchool 
of Social and Political Science, University of Edinburgh, Edinburgh, UK

ABSTRACT
Urbanization comes with the price of the negative complexity of 
crime. It is a reflection of the socio-demographic and permeability 
factors. This paper aims to integrate socio-demographic crime fac-
tors with street permeability to find the association with residential 
burglary spots. We first find the residential burglary hotspots area 
related to socio-demographic factors of the study area, then iden-
tify potential residential burglary risk areas based on the factors of 
street permeability and find the association of residential burglary 
with socio-demographics and street permeability factors in Akure. 
The methodology employed includes the Inverse Distance Weight 
factor analysis, space syntax, and the Poisson regression analysis. 
The findings showed hotspots of burglary within neighbourhoods, 
confirming the relationship between the factors. Issues identified 
herein denote some logical starting points for criminological 
engagement with the Sustainable Development Goals. In the con-
clusion, we discussed the implications for the statistical output.
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1. Introduction

Rapid urbanization comes with the price of the negative complexity of crime and the fear 
of crime, a key concern in cities. Safety is a vital feature of what is considered a high- 
quality sustainable environment. The notions of crime in design and planning practice 
imply broad articulation of property crime and urban form.

The crime dimension of sustainable urban form has only recently been subject to 
widespread scrutiny (Rudlin & Falk, 1999; P. Cozens, 2007; Glasson & Cozens, 2011; 
Hipp and Kim (2019), and Kim and Wo (2021). This is reported to be exacerbated by the 
recent advocation of the new urbanism. It is argued that a planned sustainable urban 
form should be the case where the residents ‘should not have cause for fear for their 
personal safety and the safety of possessions’ (Du Plessis, 1999; Newman, 1996). The 
United Nations sustainable urban development agenda, ‘Agenda 2030’, especially related 
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to Goal 11 reiterated cities’ Sustainability and emphasized the concern of controlling 
crime and building safe and just societies (United Nations, 2015).

The high population densities generally promoted by planners (New Urbanism) 
generate more people on the streets. In theory, this seems appropriate for sustainable 
development since it entails more pedestrian activity and encourages ‘eyes on the street’ 
posited by Jacobs (1961). In similar contrast is the defensible space theory of Newman 
(1972), which advocates territorial control to deter strangers from entering spaces. These 
theories are established to have a relation with the patterns of crime in neighbourhoods 
(Newman, 1996; Frith et al., 2017; Hipp & Kim, 2019). This is because the number and 
people’s movement patterns in a given space and time can influence crime patterns, 
largely determined by street networks and permeability.

The prevailing theories of the spatial location of crime are predicated on the theory 
of social disorganization theory and opportunity theory (Weisburd & Zastrow, 2022). 
The spatial location of crime hinges on the theory of routine activity. Meanwhile, 
emerging theories on sustainable urban form all suggest the cognizance of the influence 
of street permeability and the variety of land uses near the streets (P. L. Brantingham & 
And, 2008).

Therefore, planning for a crime-free sustainable city must put into cognizance the 
form of the city in terms of the influence of street permeability, and characteristics of the 
street segment in correlation with the social and demographic characters of neighbour-
hoods. The influence of these mentioned parameters on city form has been explained to 
determine crime risk areas (Johnson & Bowers, 2010). In this context, permeability is 
described as the street network’s influence on pedestrian movement, which in turn, 
affects the occurrence of crime (Silva & Li, 2020; Wu et al., 2015).

Studies carried out by Bevis et al. (1977), examined the relationship between burglary 
rates in Minneapolis and street network permeability measured at the census tract level. 
Using variations in socio-economic factors, they found a positive correlation between 
permeability measured at the census tract level and burglary risk. White (1990) found 
that street permeability influences neighbourhood burglary rates when other factors are 
controlled (i.e. economic factors and structural density). Armitage (2010) examined the 
risk of burglary and total crime using data from households in housing estates in West 
Yorkshire, UK, and found that an increase in street permeability would increase the risk 
of residential burglary. Later, Johnson and Bowers (2010) analyzed a police district in 
Merseyside, UK, and concluded that cul-de-sacs and sinuous streets are a less probability 
of residential burglary compared to permeable roads. Succinctly put, early methodologies 
considered only socio-demographic factors. But recently researchers have also suggested 
that the studies of crime risk need to consider the effects of urban form in terms of street 
network configurations on crime. They show relatively less attention paid to the relation-
ship with socio-demographic factors of crime (Frith et al., 2017).

However, related research by Legewie (2018) attempt to explain the relationship 
between social boundaries and crime spot, while accounting for physical effects. He 
concluded that race and socio-economy could determine the area of crime. Similarly, 
Hipp and Kim (2020) attempted to relate physical boundaries and social characteristics of 
the sides of a street segment and found that traditional physical boundaries, such as 
roads, exhibit a positive relationship with crime and that street segments with social 
boundaries consistently have a high rate of violent and property crime. These outcomes 

2 M. O. ALABI AND E. O. ABUBAKAR



indicate that control variations in socio-economic factors show a positive correlation 
between permeability and burglary risk. Hence, it can be deduced that permeability has 
a significant influence on neighbourhood burglary rates, socio-demographic factors 
being equal.

The current study considers the small areal unit of the city core. It attempts to 
demonstrate that crime is localized in one area. This is congruent with the ‘law of 
crime concentration at place’. Weisburd (2015) predicts a very small proportion of city 
locales will account for a significant proportion of crime incidents. Crime tends to cluster 
in small areas, like street segments or buildings at micro-places (Bernasco & Block, 2011; 
Malleson et al., 2019). Hence, small areal units should be best able to capture the spatial 
patterns of crime, being less likely to conceal the actual locale of crime hotspots or 
combine various hotspots that are very distinct (Carmona et al., 2003; Oberwittler & 
Wikstrom, 2009). Even though smaller areal units will largely contain fewer crimes, this 
will suffice for this research since we are dealing with only incidences of burglaries.

The research seeks how urban form in terms of street network configuration and 
socio-demographic factors can explain the risk of crime in street segments. It aims to 
integrate socio-demographic factors and street permeability to find the association with 
residential burglary spots. It will be carried out through the objectives of finding 
residential burglary hotspots area related to socio-demographic factors of the study 
area; identifying potential residential burglary risk areas based on the factors of street 
permeability; finding the association of residential burglary with socio-demographics and 
street permeability factors in the study area.

It is hypothesized that there is an association between socio-demographic factors and 
pedestrian movement patterns with crime hot spots.

1.1. Theoretical framework and literature review

Offences committed on properties without force is property crime (P. J. Brantingham & 
Brantingham, 1993). In line with this, Soh (2012) defined property crimes as those 
offences involving the loss of property during which there is no use of violence by the 
perpetrators (including burglary, arson, larceny, theft, wreck, pilfering, stealing, house 
and store breaking, and vehicle theft), those with violence include robbery, snatch theft, 
pilfering, pickpocketing, vandalization, and others (Dambazau, 2007; Song et al., 2013). 
Urban form describes all elements that make up the city like buildings, streets, and 
squares. It is the outcome of a determining process, which could be geographical or man- 
made (Hipp et al., 2020).

Many works in the the literature looking at the spatial patterns of crime have identified 
relationships between socio-demographic factors (i.e. age, gender, poverty, income, 
education, etc.). Such factors have either been theorized or shown to be associated with 
crime across various geographic units (Boessen & Hipp, 2015; Kim & Wo, 2021). While 
the literature looking at the spatial patterns of crime identified the relationships between 
structural characteristics (i.e. poverty, residential instability, racial heterogeneity, eco-
nomic inequality, etc.) of street segments and crime; these studies usually employ social 
disorganization theory as the theoretical frame (Hipp & Kim, 2019). Although scholars of 
criminology of place have somewhat neglected the importance of the structural char-
acteristics in empirical studies, Weisburd et al. (2012) suggested that when the street 
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segment is seen as a type of ‘micro-community’, then social disorganization theory would 
have direct relevance to the understanding of the criminology of place. This implies the 
necessity of testing the effects of structural characteristics on crime. However, in this 
research for the use of space syntax theory, it is pertinent to consider the theory of natural 
movement. It explains movement along specific, planned pathways, which connect the 
origin and destination points (Boivin & Felson, 2017). As urban structure shapes patterns 
of movement, so too does it shape patterns of criminal activity (Silva & Li, 2020; Wuschke 
& Bryan, 2018).

Understanding the influence of urban form on crime has been the focus of researchers 
in both design and social fields. In social sciences, the prevailing theory of spatial location 
of crime is the social disorganization theory (Sampson & Groves, 1989). On the other 
hand, the theory of the spatial location of the crime is the theory of routine activity, which 
claims that criminal events are caused by attraction to targets, the time and space of crime 
(Cohen & Felson, 1979). The opportunity theory explains the pattern and ecology of 
environmental crime, including the physical environment of the urban area and that 
criminals are motivated by knowledge about the environment. While the opportunities 
for crime and their awareness of spaces largely depend upon their routine activity 
patterns (P. L. Brantingham & And, 2008). Cozens et al. (2019) and Carr (2020) toed 
the line of environmental determinism, explaining that the immediate environment 
potentially precipitates criminal behaviour, i.e the environment’s attribute can prompt 
criminal behaviour and pattern of crime. The pattern of streets in a city is related to the 
pattern of crime because the roads determine the accessibility to potential crime spots in 
a city. Cities built on gridiron patterns are known to have higher crime rates when 
compared to cities with naturally developed street layouts (Silva & Li, 2020).

The issue of street permeability has become central to considering how to deliver less 
crime and more sustainable urban design. There are two distinct perspectives on this 
topic: the ‘encounter’ model and the ‘enclosure’ model (Dovey, 1998). The ‘encounter 
model’, explains that permeable streets are safer because they encourage walking, and 
social contact, which enhances levels of ‘eyes on the street’ (Jacobs, 1961). However, 
proponents of the ‘enclosure model’ argue that permeability is limited, by controlling 
access to strangers (Newman, 1972). Residents can more readily distinguish between 
strangers and potentially criminal behaviour, thereby reducing opportunities for crime. 
Dempsey (2008) observes how a well-connected and permeable built environment is 
considered a feature of high quality in the form of small street blocks. Small blocks 
provide more varied routes for pedestrians and allow easier movement (Carmona et al.,  
2003). Gehl (2001) assumes that well-connected pedestrian routes become well used and 
are preferred over deserted or low-volume routes. Therefore, the assumption is that 
permeable streets are safer. Hillier and Shu (2000) explicate that incidents of burglary are 
higher on more isolated properties on cul-de-sacs.

1.2. Permeability and crime

It is well established that crime and permeability are correlated. Previous approaches to 
identifying crime hotspots required creating maps showing the distribution of crime but 
have been found inadequate. This is because it is a manual process that neither provides 
accurate nor reliable comprehensive data. This does not help in trend prediction and 
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decision support, which results in a low accuracy rate (Alabi, 2021; Jones & Fanek, 1997; 
Nubani, 2003).

Several metrics have been developed to determine permeability, such as ‘integra-
tion’, which measures how close (or easy to access) a given location is to all others in 
terms of paths through the network. Applying these methods to crime and analyzing 
data from London, UK, shows that crime is positively related to road connectivity, 
but negatively related to integration (Hillier, 2004). This leads to the conclusion that 
permeable designs are advantageous, but only in situations when redundant connec-
tivity is present (that which does not increase integration). In Davies and Johnson 
(2014) street network metrics model, permeability was measured using explanatory 
factors such as indicators of opportunity and a few numbers of socio-demographic 
descriptors. While Wu et al. (2014) analyzed the variation in street network config-
uration and socio-economic factors to determine areas of permeability. Kim and Wo 
(2021) studied the connection and interaction between street networks by applying 
a measure of centrality (Betweenness centrality). They found that betweenness exerted 
a criminogenic impact, which suggests that the permeability and accessibility of 
a segment (based on the street network) are more likely to weaken social control 
and capable guardianship. Whereas some studies have found that streets with higher 
integration, connectivity, and choice have a higher risk of crime. Other studies have 
found that less accessible streets have more crime when controlling for the length of 
street segments (Armitage 2007; Armitage, et al 2010; Alabi, 2021; Hillier & Iida,  
2005).

The foregoing all depict the big role the street network plays in urban processes. It is 
the main foundation of ‘space syntax’. This rests on the fundamental observation that 
individual street segments cannot be well understood alone but must be considered in the 
context of the rest of the network and their position within it.

Three main measurable elements of space syntax are as follows: (1) integration, (2) 
connectivity, and (3) choice. Integration measures accessibility or closeness centrality 
that indicates how close a street segment is to all other surrounding segments within 
a given distance threshold. It is defined as the inverse of the cumulative distance required 
from the street segment to all other segments that fall within the search radius along the 
shortest paths. Connectivity measures the number of street segments connected to a street 
segment. Choice is defined as the fraction of the shortest paths between pairs of other 
street segments in the network that pass by a street segment. Several studies empirically 
tested the relationship of space syntax measures with crime and their findings are mixed.

Other studies show high associations between street integration, permeability, and the 
presence of pedestrians. The street design determines the pattern of pedestrian move-
ment, which indirectly influences spots of crime. Jones and Fanek (1997) and Nubani 
(2003) conducted crime research using street connectivity in space syntax, and they 
found that streets with higher integration values were associated with higher crime rates, 
and lower connectivity values were also associated with lower crime rates. Other urban 
design researchers have also employed space syntax techniques to analyze the geographic 
distribution of crime with promising results (Wu et al., 2015). Hence, the measure of 
space syntax is useful in further clarifying the importance of street design since it deals 
with both spatial and functional aspects of urban form (Koohsari et al., 2013; Koohsari et 
al., 2014).
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2. Study area

Akure is a traditional city of Yoruba origin in the southwestern part of Nigeria. It lies 
approximately between 7°1112411 and 7°1713811 North of the Equator and between 5° 
615011 and 5°161111 East of the Greenwich meridian. It is a medium-sized urban area, 
the capital city of Ondo province, and Akure local government council headquarters 
in 1976. The city has experienced a population growth rate of approximately 3.01% 
increase from 235,000 in 1991 to 360,268 in 2006 and 486,300 in 2016. Its Population 
is estimated to be 719,393 (Population Stat, 2022). Akure is located about 420-km 
southwest of Abuja, the Federal capital of Nigeria (Figure 1). The area of research is 
limited to the Akure core and immediate surroundings. This consists of Araromi, 
Cathedral, Erekesan, Eruoba, Ijomu, Imuagun, Isolo, Obanla, Odo-Ijoka, Odo-Ikoyi, 
and the Stadium area. The area is crossed by a major road like Oba Adesida Road 
(Figure 2).

3. Methodology

The dependent variables of the current study are the number of incidents of property 
crime (burglary) in street segments. The street segments are streets between two inter-
sections, following buildings on street segments within a 500-m buffer in the centre. Data 
were collected from buildings on both sides of the streets and each line was segmented 
based on its intersection with another road using the open street map (Figure 2). The 

Figure 1. Akure in the context of Ondo State, Nigeria.
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study area covered 11 neighbourhoods. It is worth noting that the areal units often used 
in analyses at the meso-level such as this in the crime and place literature are adminis-
trative boundaries that encapsulate highly diverse populations and urban characteristics 
(Andresen and Malleson 2011).

The Police considered these parameters in the reported incidents of property crime 
(burglary) at the 114 street segment, where 321 burglaries were reported. This was 
inputted to produce a crime hotspot map, using Inverse Distance Weight analysis 
(IDW). The acquired crime spots were geocoded for each neighbourhood separately to 
latitude – longitude point locations using ArcGIS 10.2 and subsequently aggregated to 
street segments. This helped to achieve the first objective.

(i) Determination of crime hot Spot Maps through the GIS Interpolation 
method (IDW).

The interpolation of the data is done by using the inverse distance weighting method. 
This method is used to find the unknown value of a particular point by taking the average 
weight of surrounding known points. The values of cells at locations that lack sampled 

Figure 2. Open road map of the study area.
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points are used to predict crime points. This depends on the guideline of spatial auto-
correlation or spatial reliance, which estimates the level of relationship and reliance 
among close and far-off items. The Inverse Distance Weighted (IDW) function is used 
for a set of points that is dense enough to capture the extent of local surface variation 
needed for analysis. Interpolation is done for victimization points with known values and 
proposed values at alternate unknown points. It is meant for the prediction of the new 
data point, which is missing from the dataset with the help of known discrete data points.

The IDW as a predictor is a weighted average observation given by: 

y^ xð Þ ¼
Xn

k¼1
vk xð Þ yk (1) 

Where,v 

Vk xð Þ ¼
Wk xð Þ

Pn
i¼n Wi xð Þ

(2) 

for x/∈ {x1, . . ., xn} and vk(xi) = 1 if i = k and 0 otherwise. Thus, by definition, ˆy(x) 
interpolates the data. The weighting function wk(x) is chosen so that the prediction at x is 
influenced more by the nearby points than the distant points.

To achieve the second objective, we searched for the socio-demographic character-
istics of the neighbourhoods’ road segments, obtained with the use of a structured 
questionnaire. The sample size of 321 buildings was determined from the police report. 
We locate the buildings within street segments. The total population of buildings counted 
from Google Maps was 2,180. All neighbourhoods were allotted 29 copies of the ques-
tionnaire, except the Ijomu (market area) with high population and density, which was 
allotted 31 copies of the questionnaire. All copies of the questionnaire were duly returned 
(321) amounting to a 100% response rate.

Inquiries were made on the age, gender, education level, and employment status of 
residents (socio-demographics) similar to prior studies linking crime (Kim, 2018; Wo,  
2019; Haberman & Kelsay, 2020; Hipp et al., 2020).

Crime hotspots were further spatially analyzed and illustrated using the space syntax 
technique, where the dependent variable in the study is the count of residential burglaries 
in each street segment. Factors considered influencing the distribution of burglaries 
along each street segment in the study include factors such as permeability (ease of 
movement).

(ii) Applying the space syntax technique.
The application of the space syntax technique utilizes factors of permeability. These factors 

quantitatively describe street networks such as connectivity, control, local integration, and 
local depth. The road type is the hierarchical street layout in city planning in the study, it 
includes major arterial streets, collector streets, and local streets (2.7–3.6 m). Arterial streets 
(width 30–4.0 m) are supplementary transporting paths between arterial roads. Collector 
streets (width 4.0–4.6 m) connect to larger neighbourhoods. Cul-de-sacs are defined as street 
segments with only one inlet or one outlet and include ‘dead-end’ streets.

In the analysis of the street network, the space syntax methodology of Hillier (2009) 
was applied to measure permeability. This measure refers to the number of lines directly 
connected to a given line in an axial map. The axial map is created from the open street 
map processed by the DepthMap-X 8.0 software.
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The street integration is calculated for each street segment. The integration (I) of the 
axial line i is a function of its depth in relation to all the other axial lines. The latter is 
‘calculated by assigning a depth value to each space considering the number of spaces 
away from the original space. The summation of these values is divided by the number of 
spaces in the system less one’ (Hillier & Hanson, 1984).

The formula for integration (I) is given as: 

Ii
2 nðlog2ðnþ2

3 Þ � 1Þ
� �

= n � 1ð Þ n � 2ð Þ

2 ð
Pn

j¼1
dij

n� 1 Þ � 1
� �

= n � 2ð Þ

(3) 

where n is the number of axial lines in the street considered, and dij is the shortest 
distance (least number of steps) between two axial lines i and j.

Lines with high connectivity values are deemed to be more utilized by pedestrians than 
other lines. The ‘depth’ concept was introduced for understanding the structure of the 
graph. The depth of an axial line is the number of neighbouring lines within a given 
number of steps. The connectivity and depth are defined from a topological point of view 
(Van Nes & Yamu, 2021). Combining the various space syntax measurements into one 
map demonstrates simultaneously the spatial potential of local neighbourhood centres 
and the degree of vitality of the main routes. The highest value of axial lines inside the 
grid determines the value of each grid cell. All measurements were categorized based on 
the value allocated, and a histogram was produced showing variation. The blue-coloured 
lines represent low values, the green represents the medium values, while the red 
represents high values (see, for example, Hillier and Shahbaz (2005); Van Ness and 
López (2010).

Control is a parameter that expresses the degree of choice each axial line represents for 
its directly linked neighbour lines. Control is a parameter that expresses the degree of 
choice each axial line represents for its directly linked neighbour lines.

The axial-line-based graph and corresponding connectivity and depth for a line can be 
calculated as follows: Connectivity = 3 as it has three immediate neighbour lines 2, 3, and 
4 connecting with it (Baran et al., 2008). The local mean depth is the mean distance of 
axial lines within several steps from the studied axial line. The streets with the lowest 
Depth Distance values are said to be the nearest to all other streets. The search radius can 
be limited to any distance. Accordingly, the mean depth is the mean depth value of the 
studied axial line to all other axial lines. The local mean depth, on the other hand, is the 
mean distance of axial lines within several steps from the studied axial line.

Local integration represents accessibility and connectedness within a part of the entire 
spatial framework. This value is figured in just several shapes of a specific space, as 
a during three in depth. Axial local integration is portrayed as blend estimations of axial 
lines at radius 3 (root notwithstanding two topological steps from the root), which can be 
used to show a concentrated picture of integration. The red colour represents the highest 
values and then the green after the blue colour represents the least values.

(iii). Poisson regression analysis
To accomplish the third objective, the Poisson regression analysis was applied. 

Poisson regression models are generalized linear models with the logarithm as the link 
function, and the Poisson distribution functions as the assumed response probability 
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distribution. The distribution of ln(λi) follows a Poisson distribution with the mean 
response related to the covariates via:

Equation 1 is a regression equation relating the natural logarithm of the mean or 
expected number of events for case i, ln(λi), to the sum of the products of each explanatory 
variable, xik, multiplied by a regression coefficient, βk (where β0 is a constant multiplied 
by 1 for each case). Equation 2 indicates that the probability of yi, the observed outcome 
for this case, follows the Poisson distribution (the right-hand side of the equation) for the 
mean count from Eq. (1), λi. Thus, the expected distribution of crime counts, and the 
corresponding distribution of regression residuals depend on the fitted mean count, λi 

ln λið Þ¼
Xk

k¼0
βk xik (4) 

P Yi ¼ yið Þ ¼
e� λiλiλi

yi!
(5) 

Poisson distribution is characterized by its mean equal to its variance. Therefore, as the 
mean count increases, the probability of observing any specific number of events 
declines, and a broader range of values have meaningful probabilities of being observed. 
Occasionally the observed variance may be larger than the mean, which is known as 
overdispersion, and this would render the model inappropriate.

4. Data analysis and results

4.1. Residential burglary hotspots and socio-demographic factors

A total of 321 residential burglaries were recorded in the Akure core area, according to 
the police report, between October 2021 and October 2022, with a mean of 6.2927 and 
a standard deviation of 3.65714. Each record in the dataset includes the XY coordinates of 
the crime location (using the World Geodetic System (1984). This was further used to 
prepare a map of crime levels by location based on socio-demographic factors in Figure 3.

Figure 3 shows the IDW (Inverse Distance Weight) results using socio-demographic 
and location factors. It shows the high intensity of crime along the major transport route 
cutting through the Akure core. Crime occurrence is found very high at the inner core 
around the Odo-Ikoyi, Wema bank area, and Boro Street but moderates around the 
Arakale road, Alafiatayo street, while very low crime is reported around Imuagun street, 
Salvation Army Primary School area, Saint David’s Anglican church area. Other areas of 
high crime around the core include Odundun street, Eleye street, Odo-Ikoyi Street, Isolo 
street, Oke-Ijebu street, and Eru-oba street (Appendix i).

4.2. Residential burglary risk areas and pedestrian movement factors

Potential residential burglary risk areas based on the pedestrian movement factors (per-
meability) are identified using space syntax techniques. Based on the axial line graphs, 
space syntax analysis focuses on how streets are connected, and a series of accessibility 
measures are calculated for the graphs. Since the accessibility measures were initially 
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determined for axial lines, an axial-line-based graph is used as an instance for illustrating 
some useful measures in space syntax in the following paragraph (Figure 4).

The red-coloured lines (streets) depict the more active movement of pedes-
trians with more street integration. They are the most important streets in the city 
core, they are areas of mixed-use with residential and commercial activities. Since 
these streets are located in a more integrated and less separated area, they form 
potential areas for criminal activities like theft and burglary. While streets that 
represent green and blue are less integrated streets and more secession and some 
streets have closed ends. Table 1 is the result of the analysis of the maps in 
Figure 4 showing the spatial level of accessibility of street segments, where streets 
with connectivity line values are in the range of 7.6–9.0 constituting 35% of the 
streets, while 3.6–7.5 constitutes 50%, and 1.0–3.5 constitutes 15%. The street 
control also shows lines with a colour range of high control at the range of 3.0– 
5.06 constituting 60%, while 1.0–1.3.0 constitutes 25%, and 0.01–1.0 constitutes 
15%. The depth of the streets ranges from 1.8 to 1.9 constituting 25%, while 1.0– 
1.8 constitutes 60%, and 0 > 1.0 also constitutes 10%. The local integration depicts 
the range of 4.0–8.0 constituting 79.8%, while 2.0–4.0 constitutes 36.8% and 0–2.0 
constitutes 2.63% (Figure 4)

Figure 3. Shows a geospatial analysis of the level of crime in the study area.
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Figure 4. Streets accessibility of the study area: (a) Connectivity (b) Control (c) local mean depth (d) 
local integration.

Table 1. Spatial level of accessibility of street segments.
Street accessibility Line colour Value Frequency Percentage %

Connectivity Blue (low) 1.0–3.5 17 15
Green(medium) 3.6–7.5 57 50
Red (high) 7.6–9.0 40 35

Control Blue (low) 0.01–1.0 17 15
Green(medium) 1.0–3.0 29 25
Red (high) 3.0–5.06 68 60

Local mean depth Blue (low) 0>1.0 11 10
Green(medium) 1.0–1.8 68 60
Red (high) 1.8<1.9 29 25

Local integration Blue (low) 0–2.0 3 2.63
Green(medium) 2.0–4.0 42 36.8
Red (high) 4.0–8.0 70 79.8

Total 114 100
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4.3. Association of socio-demographic and permeability factors with residential 
burglary occurrences

Figure 5 is the outcome of the superimposition of the crime hot spot map generated from 
socio-demographic factors and that generated from permeability factors (integration). 
The outcome illustrates the same area of crime spots, which is consistent with the 
effectiveness of the space syntax methodology as a complementary method of determin-
ing crime sports.

The association of socio-demographic and permeability factors with residential bur-
glary is determined using the Poisson regression analysis. The results from the goodness- 
of-fit show a ratio of values/df less than 1 (.845, .771), which indicates under-dispersion, 
hence the analysis can continue. If this had been otherwise where the value/df is more 
than 1, it would have been described as over-dispersion and problematic; which could 
have required moving from Poisson regression to a negative binomial regression model. 
Also, since we used police reports of only buildings that experienced burglary, there were 
no zero experienced buildings or else there will have been zero buildings, which will 
prompt us to use a Zero-Inflated Negative Binomial (ZINB) regression model to fit the 
dataset, which will account for both overdispersion and excess zero problems (Osborne,  
2017), (Appendix-ii).

Table 2 shows parameter estimates of the occurrence of residential burglary cases and 
their association with socio-demographic variables. Where the predicted log count of 

Figure 5. Combined map of socio-demographic and connectivity crime hot spots.
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gender compares male and female occurrences in the crime. The output shows no 
difference between male and female participation in crime. However, the predicted log 
count of age (26–35) increases by.098. The incidence ratio indicates that for every unit of 
age (26–35) increase, a 10.3% increase in residential burglary will occur, ceteris paribus 
(b = .098, S. E = .2205, p < .058).

The predicted log count of employment level (artisans) was negative and significant 
(b = −.058, S. E = .0861, p < .098) indicating that for every one unit increase in the 
employment level of this category, the rate of residential burglary will reduce by 5.7%.

The occurrence of residential burglary cases is also found to be associated with the 
factors of space syntax. Where the predicted log count of connectivity was positive and 
significant (b = .283, S. E = .3322, p < .095) indicating that for every unit increase in 
connectivity, the rate of residential burglary will increase by 32.7%. However, the pre-
dicted log count of median control was negative and significant (b = −.023, S.E. = .0767, 
p < .066) indicating that for every unit increase in median control, the rate of residential 
burglary will decrease by 2.3%, ceteris paribus.

The predicted log count of local mean depth (medium) was positive and significant (b  
= .139, S.E. = .0886, p < .007) indicating that for any one unit increase in local mean depth 
(medium), the rate of residential burglary will increase by 15%, ceteris paribus.

The predicted log count of local integration (medium) was positive and significant (b  
= .151, = 0959, p < .016) indicating that for any unit increase in local integration (med-
ium), the rate of residential burglary will increase by 16.3%, ceteris paribus.

Table 2 also shows that the occurrence of residential burglary cases is associated with 
the type of road segment. Where the predicted log count of the local street was positive 
and significant (b = .064, S.E. = .0997, p < .023) indicating that for any one unit increase 
in a local street, the rate of residential burglary will increase by 6.0%, ceteris paribus.

The predicted log count of the arterial road was negative and significant (b = −.2.44, S. 
E. = .1330, p < .067) indicating that for any one unit increase in the arterial road, the rate 
of residential burglary will decrease by 21.6%. Similarly, the predicted log count of the 
cul-de-sac was negative and non-significant (b = −.164, S.E. = 2.332, p < .309) indicating 

Table 2. Parameter estimates.

Parameter B Std error

95%Wald 
Confidence interval Hypothesis Test

Exp (B)

95% Wald 
Confidence 

Interval 
[Exp(B)]

Lower Upper Wald chi-square df sig Lower Upper

intercept 2.332 0.4101 1.528 3.138 32.323 1 .000 10.296 4.609 23.003
gender (1) 0a . . . . 1 . . . .
age (2) .098 .2205 −.335 530 .196 1 .058 1.103 .716 1.699
education (1) −.066 .2654 −.586 .454 .062 1 .803 .936 .556 1.574
employment (2) −.058 .0861 −.227 .110 .458 1 .098 .943 .797 1.117
connectivity (3) .283 .3322 −.369 .934 .724 1 .095 1.327 .692 2.544
control (2) −.023 .0767 −.173 .127 .089 1 .066 .977 .841 1.136
local mean depth (2) .139 .0886 −.030 .309 2.539 1 .007 1.150 .970 1.362
local integration (2) .151 .0959 −.037 .339 2.466 1 .016 1.163 .963 1.403
local street .064 .0997 −.132 .259 .407 1 .023 1.066 .877 1.296
arterial road −.244 .1330 −.504 .017 3.355 1 .067 .784 .604 1.017
cul-de-sac −.164 2.332 .1608 −.479 .152 1 .309 .849 .620 1.164
scale 1a
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that for any one unit increase in a cul-de-sac, the rate of residential burglary will decrease 
by 15.1%, ceteris paribus.

5. Discussion

A plethora of the literature largely engrossed on the consequences of the built environment 
on crime. While they offer crucial knowledge for understanding different causes of burglary 
across places, very few studies have investigated the association between socio-demographic 
(age, gender, education level, and employment) and permeability factors (street connectivity, 
local control, local mean depth, and integration) on spatial crime patterns. The findings of 
this research showed that gender does not have an association with burglary, though in most 
literature burglary is associated with males. The age category of 26–35 has been found to be 
associated with crime with 10.3% per unit change. This is to say that the higher the percentage 
of youth concentration, the more negative the relationship between connectivity and bur-
glary, with other factors remaining equal. This is consistent with the findings of Kim and Wo 
(2021).

Street connectivity was found to be highly associated with overall burglary counts 
followed by median local control, local mean depth, and integration; this increases 
permeability, i.e. free movement. That is to say, neighbourhoods that offered highly 
accessible routes to pedestrians also offered criminals easy routes of escape. To elaborate 
on this finding, street spaces that had low integration values were safer (where more eyes 
can be on the street). High connectivity was also found associated with high burglary 
areas, as it allows free movement for strange fellows that cannot be identified and hence 
high crime potential, this is in agreement with Jacobs (1961); Hipp and Kim (2019), and 
Kim and Wo (2021).

The model features other factors such as road segment type, local street, arterial road, 
and cul-de-sacs. The model shows that every unit increase in the local street increases the 
rate of burglary due to the small width and high connectivity to other roads, but an 
increased unit of the arterial road will reduce the burglary rate. This could be due to the 
widening size of the road and a smaller number of buildings compared to the former, 
perhaps these results can be related to the effects of ‘eyes on the street’. This is similar to 
the findings of previous studies by Hillier and Shu (2000); Van Nes and Yamu (2021). 
The foregoing confirms the hypotheses, that there is a relationship between socio- 
demographic factors and pedestrian movement patterns with crime hot spots within 
the city core of the study area. The results also confirm the existence of a relationship 
between street permeability factors and burglary, suggesting that the use of space syntax 
has considerable potential.

6. Conclusion

The study has shown that small areal units can capture the spatial patterns of crime, with 
less obscurence of the locations of crime hotspots, showing the distinct reality of hot-
spots. The study outcome showed the patterns and locations of hotspots of burglary 
within the neighbourhoods. The results of this research are considered a potential 
contribution of criminological research to the 2030 Agenda for Sustainable 
Development. The issues identified herein merely denote some logical starting points 
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for criminological engagement with Sustainable Development Goals (SDGs). The find-
ings of crime spots could be prioritized by concentrating security measures at crime spots 
to curb crime and discourage crime attempts to secure the city neighbourhoods and allay 
the fear of crime in the cities for sustainable development.
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Appendix-i

Socio-demographic characteristics of the study area

Burglaries by street segment

Socio-demographic variable characteristics

Frequency

NO %

Gender Male 296 92.2

Female 25 7.78
Age

18–25 61 19.0
26–35 135 42.0
36–45 100 31.2

46–55 25 7.78
Education Primary Sch cert 60 18.6

Secondary school 205 63.9
University/higher education 56 17.4

Trader 224 69.7
Employment Civil servant 60 18.7

No job 37 11.5

Total 321 100

Neighbourhood Street segments Count (no of burglaries) percentage

Araromi 10 17 5.2

Cathedral 10 15 4.65
Erekesan 8 20 6.23

Eruoba 12 38 11.8
Ijomu 15 40 12.5

Imuagun 6 25 7.78
Isolo 13 34 10.6

Obanla 12 39 12.1
Odo-Ijoka 10 37 11.5
Odo Ikoyi 10 38 11.8

Stadium 8 19 5.9
114 321 100
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Appendix-ii

Generalized Linear Models

Continuous Variable Information

N Minimum Maximum Mean
Std. 

Deviation

Dependent 
Variable burglary

321 .00 12.00 6.2927 3.65714

Goodness of Fita

Value df Value/df

Deviance 153.855 182 .845

Scaled Deviance 153.855 182
Pearson Chi-Square 140.285 182 .771

Scaled Pearson Chi-Square 140.285 182
Log Likelihood −423.479 892.958

Akaike’s Information Criterion (AIC) 899.057
Finite Sample Corrected AIC (AICC) 969.387
Bayesian Information Criterion (BIC) 992.387

Consistent AIC (CAIC)

Dependent Variable: burglary. 
Model: (Intercept), gender, age, education, employment, connect, control, 
Lmeandept, Locintgratn, Locstreet, coltoroad, areterialroad, culdesac 
(a) Information criteria are in mall-is-better form. 
(b) The full log-likelihood function is displayed and used in computing information criteria
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