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Abstract: The study aims to investigate the applicability of 2D and 3D isovists, as well as Visibility 
Graph Analysis (VGA), for evaluating urban vulnerability to crime. The methodology is based on 
correlations between number of crime occurrences and measurements of 2D and 3D isovists, and 
mean values of visual integration (VGA). The 2D isovists were produced using DeCoding Spaces 
Toolbox for Grasshopper and the 3D isovists were generated using algorithms within Rhinoceros 
and Grasshopper. VGA maps were drawn DepthmapX. Nine street segments of Boa Viagem, a 
neighborhood in the Brazilian city of Recife known for high rates of robberies, were selected for 
this study. Although the number of samples is small, the results suggest that criminals prefer much 
more visually integrated spaces with low occlusion and fewer spatial cavities.

1. Introduction

The present paper investigates relationships between visibility and crime in public spaces in 
Recife, a city in the Brazilian State of Pernambuco.

Visibility is, etymologically, the property by which bodies are perceived in space (Michae-
lis, 2016). Likewise, visibility is closely related to the notion of isovist – the visible field from 
a given point in space, considering the barriers that limit it (Benedikt, 1979). This concept 
was first introduced by Michael Benedikt in 1979 in the journal Environment and Planning 
and is considered one of the primary scientific methods for correlating space and visibility. 
In the 1990s and early 2000s, with advances in the development of computational tools for 
spatial analysis, the notion of isovist was taken up by Alasdair Turner and his colleagues at 
University College London. Turner et al. (2001) developed Visibility Graph Analysis (VGA) 
and expanded the notion of isovist by considering not only the visibility of a point but all the 
points contained within space.

Criminality, etymologically, comes from crime that is transgression of the law, violation of the 
rules that society considers indispensable to its existence and organization. The Brazilian Crim-
inal Code (Brazil, 1940) classifies crime into eleven categories: (1) against a person, (2) against 
physical property, (3) against immaterial property, (4) against organization of work; (5) against 
religious sentiment and respect for the dead, (6) against customs, (7) against family, (8) against 
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public safety, (9) against public peace, (10) against public faith, and (11) against public administra-
tion. Crimes against property (robbery and theft) involve occurrences at a specific point in space.

Thus, visibility, crime and space are intrinsically related, but the relations between them 
are still under-investigated, as can be seen from a brief review of the literature. Studies related 
to aspects of configuration of space that facilitate or restrict occurrences of crime within an 
urban environment have focused on numerous factors, such as interface, constitution, density, 
integration, typology, physical and visual permeability, as well as the proportion between pub-
lic and private spaces. However, the role of visibility in crime occurrence has been somewhat 
neglected, suggesting the need for further studies in this field. Even though there is growing 
concern surrounding this topic and the number of studies of urban morphology and crime 
has increased since the 20th century, researchers still know little about the way criminals per-
ceive the city and partake in it when committing crime. The present study thus considers how 
isovists and Visibility Graphics Analysis (VGA) can help us to better understand relations 
between space, visibility and crime occurrence, taking as a case study the neighborhood of Boa 
Viagem, in the Brazilian city of Recife.

The neighborhood of Boa Viagem, in the Southern Zone of Recife, has recently registered 
high crime rates, considered by some local agencies one of the highest in the country (Per-
nambuco, 2011). An attempt has been made to provide social protection by way of numerous 
architectural and technological solutions such as electric fences, surveillance cameras or high 
walls separating the private and public realms. Private spaces have thus been slowly converted 
into fortified enclaves, whilst public spaces have been transformed into unsafe places. These 
transformations are much more evident in middle- and upper-class neighborhoods of Recife.

However, in Boa Viagem, these transformations are much more significant. Most of them 
have occurred since the second half of the 20th century. Until the 1950s, this neighborhood 
was predominantly composed of summer houses with direct access to streets and transitional 
spaces, such as private gardens and terraces. In the early 1950s, the first high-rise buildings 
were built and far fewer houses were replaced by vertical buildings that still established a close 
relationship between public and private domains. From the 1980s, in contrast, Boa Viagem be-
came a vertically dense territory, after successive urban laws contributed to its current urban 
configuration (Figure 1). This territory, which initially had houses and high-rise buildings closer 
to the streets, became a space characterized by vertical gated communities. At ground level, 
buildings have also lost what Jane Jacobs calls their “street eyes” (Jacobs, 2011, p. 35) and have 
gained closed-circuit television (CCTV), which promises “security” for the owners.

Figure 1. The neighborhood of Boa Viagem in the 1920s (Source: IBGE), 1970s (Source: Blog Caderno Recifense) and 
2000s (Source:Skyscrapercity).
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Consequently, a cause-and-effect relationship has been established. While these architectur-
al and technological transformations safeguard private spaces, they also foster insecurity in the 
public realm, thereby contributing to the increase in the number of occurrences of crime. The 
rigid interface between public and private domains (electric fences, gates and high walls built as 
a protective measure) may create opportunities for criminals to commit thefts in public spaces, 
as there was a significant increase of 18.4% in robberies and thefts between 2015 and 2016. (Per-
nambuco, 2011). The role of interface in crime occurrence has been extensively investigated by 
Monteiro and Cavalcanti (2015). However, this cannot be the only reason why Boa Viagem is 
more vulnerable to crime than in the past, at least from a morphological point of view. Discus-
sions of the relationship between visibility (visible field of space) and crime are still scant, as 
can be seen from a brief review of the literature.

2. Literature review

A growing number of studies seek to understand the role played by the spatial configuration of 
cities in the occurrence of crime. These date back to the 1960s and 1970s.With advances in com-
putational spatial analysis tools, between 1980 and 2000, the number of investigations in this 
field considerably increased, allowing us to assess numerous attributes of space that contribute to 
crime. These studies have predominantly addressed a variety of attributes such as use, interface, 
constitution, density, integration, typology, physical permeability, visual permeability and the 
proportion of public and private spaces. Visibility, however, remains under-investigated.

In the 1960s, Jane Jacobs addressed the influence of urban morphology on safer urban spaces, 
which would be guaranteed by clear definition between public and private spaces, as well as di-
versity of uses and high density. Jacobs (1961) also argued that anonymous people should be con-
sidered a source of security instead of a danger. In her view, the presence of anonymous citizens 
in public spaces contributes to social surveillance and, consequently, urban security. In contrast, 
Newman (1972) argued that anonymous people were a potential source of danger and proposed 
to restructure urban layouts as a strategy for establishing urban security. Newman (1996) believed 
that urban space should be segmented into mini-neighborhoods, with gate-controlled access, 
stimulating territoriality among residents. He also argued that low density and less variety of uses 
were features that could make public spaces safer.

It should be noted that, from the 1960s to the 1990s, studies of space and crime focused on the 
contradictions between permeability and defensibility of space as a crime prevention strategy 
(Jacobs, 1961; Newman, 1972; 1996). By contrast, in recent decades, researchers have attempted to 
understand qualitative and quantitative attributes of urban space that promote or restrict crime 
(Hillier and Sahbaz, 2008; Monteiro and Cavalcanti, 2015).  Despite the diversity of factors analyz-
ed in these studies, consideration of the role of visibility in crime is notably lacking.

In the 2000s, various studies addressed the issue of urban crime using space syntax theory. 
Hillier (2004), for instance, argued that the answer to the title of his article (Can streets be made 
safe?) lies in space syntax research. Hillier (2004) compared previous studies developed by Jacobs 
and Newman and argued that the indiscriminate use of concepts proposed by Oscar Newman had 
been responsible for creating fragmented, underutilized and less visible urban spaces. According 
to Hillier (2004), understanding of the relationships between space and crime should consid-
er two crucial syntactic aspects: visibility and integration. In another related study, Hillier and 
Sahbaz (2008) suggested that solutions aiming to establish safer urban spaces have been divided 
into two types: enclosed spaces (enclosure as a form of protection) and open spaces (permeability, 
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accessibility and visibility as a form of security). Hillier and Sahbaz (2008) suggested that differ-
ent spatial characteristics imply different types of crime. For instance, places with a high level of 
co-presence contribute to petty thefts, while empty and less visible spaces encourage acts that 
require more time (vehicle thefts, and so forth.).

In 2015, in Recife, Monteiro and Cavalcanti (2015) investigated the possibility of evaluating 
urban vulnerability to crime, taking Boa Viagem as a case study. Their study established various 
factors classified as directly proportional to security, which means that the larger the numerical 
values, the lower the vulnerability. This classification was divided into qualitative and quanti-
tative aspects. The qualitative aspects are related to mix of uses, urban interface (level of visual 
permeability), constitution (direct access between public and private spaces) and population den-
sity, while the quantitative aspects are more related to space syntax metrics such as global and 
local integration. The analysis considered urban segments and the number of crimes per segment 
occurring between 2010 and 2012. It  concluded that, where the level of local integration and the 
length of the segment were greater, the number of crimes in the segment was higher, as can be 
explained by the fact that, in large urban blocks, people’s behavior is observed by criminals over a 
longer period, giving them time to act (Monteiro and Cavalcanti, 2015).

Although the literature is scant, it can be seen that visibility has rarely been addressed as an 
aspect that can influence the occurrence of crime  in urban spaces, with the exception of studies 
developed by Bill Hillier, who has dedicated some of his research to the impact of visual integra-
tion on urban crime. Hillier (2004) concluded that spaces with a higher level of visual integration 
are used more by citizens and hence more secure. Apart from Hillier, very few researchers have 
adopted the same approach. The present study, therefore, is motivated by a notable lack of stud-
ies on relations between visibility, crime and space. Space and its limits constitute a complex 
arrangement that can be perceived by the observer. The “capacity of perceiving space through the 
sense of vision” has been defined as visibility (Michaelis, 2016). Visibility, therefore, presupposes a 
subject (the observer) and an object (the border), even though it is very far from our visual field. In 
architectural space, walls, doors and furniture act as elements that delimit the visual field, while, 
in urban space, buildings, walls, gates and other elements perform the same function. Walls and 
buildings make up a certain visual field which is the result of a barrier system. This consequently 
establishes possible visual and social interactions within space.

Visibility thus encompasses formal-spatial attributes, as well as social implications. In relation 
to the formal-spatial attributes, several methods have been developed, namely: [1] 2D isovist 2D; 
[2] 3D isovist; and [3] visibility graph analysis (VGA). 

2.1. 2D Isovist

The notion of isovist was first introduced by Tandy (1967) in The Isovist Method of Landscape Survey, 
but it was developed in the field of geography. In the 1970s, Benedikt (1979) introduced the notion 
of isovist into the field of the built environment (architecture and planning) and defined isovist 
as the visible field from a specific point in space, given the barriers that limit it. This field corre-
sponds to the “set of all points visible from a given vantage point in space and with respect to an 
environment” (Benedikt, 1979, p. 47). From the point of view of geometry, it consists of a polygo-
nal shape with a greater or lesser degree of concavity, which means that spaces with similar areas, 
but different polygonal configurations generate isovists with different degrees of concavity. Ben-
edikt (1979) calls this property occlusivity which represents the extent to which “environments are 
partially covering one another” (Benedikt, 1979, p. 53). This attribute is important because spaces 
with greater occlusivity create environments with more blind points (non-visible points in space), 
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a crucial aspect for security and social surveillance. However, the concept of isovist proposed by 
Benedikt (1979) had the historical limitation of allowing for only two-dimensional analysis.

2.2. 3D Isovist

Morello and Ratti (2009) developed new techniques for measuring the perception of urban spaces. 
Their study expanded the concept of isovist to assess the spatial qualities of urban environments 
related to visual perception (such as legibility and imageability) by incorporating the third dimen-
sion. The 3D isovist proposed by Morello and Ratti (2009) is based on the concept of spatial open-
ness, which is the volume of a solid defined from a certain point in space. The visible field thus 
constitutes the volume observed from a given point, generated by rotation of the view through all 
directions of the solid (360°). It enables, for instance, the measurement of fundamental properties 
such as volume and maximum radial distance, as well as quantification of so-called elongated 
properties, such as compactness, concavity and convexity.

2.3. Visibility Graph Analysis (VGA)

Visibility was first introduced into Space Syntax by Alasdair Turner, Maria Doxa, David O’Sul-
livan and Alan Penn in 2001, when they revisited the concept of isovist to develop VGA, a meth-
odology for visibility analysis assisted by computational methods. Turner et al. (2001) believed 
that the concept of isovist could be computationally improved and embedded in spatial analysis 
tools such as DepthmapX. In VGA, the space is first decomposed into a grid of points and, then, 
analysis of interconnections (or intervisibility) between them is established. Finally, the intervisi-
bility is quantified. As a result, a color gradient map (from red to blue) is generated to distinguish 
the more intervisible spaces (represented in red) from the less intervisible spaces (represented in 
blue). The space, therefore, is fully intervisible when, from any one point, it is possible to see all 
the others (Turner et al., 2001). 

In addition to these techniques, it is important to note recent advances. (1) Varoudis and 
Psarra (2014) have been developing three-dimensional isovists using parametric design tools; 
(2) Varoudis and Penn (2015) have expanded the concept of VGA to what they call Augmented 
Visibility Graph Analysis (AVGA), a visibility analysis that considers transparent surfaces and 
other transparent types of; and (3) Real Time 3D Isovist, a methodology assisted by computer 
systems that allows urban isovists to be immediately generated and visualized while the observ-
er moves through public spaces. This new method has been developed at the Bauhaus-Universi-
ty Weimar by the Computational Planning Group, as part of the DeCodingSpaces Toolbox for 
Grasshopper (Abdulmawla et al., 2017).

Spatial analysis methods and techniques are thus essential for helping us to answer questions 
regarding how criminals see the city and take advantage of it to commit crimes, as well as how 
cities can be structured to facilitate or curb crime. The present study, therefore, investigates the 
applicability of isovists and visibility graph analysis for evaluation of urban vulnerability to crime.

3. Methodology

The methodology is based on correlations between the number of thefts and robberies oc-
curring in street segments of Boa Viagem and various metrics, such as measurements taken 
from 2D isovists (area, perimeter, occlusion, compactness); qualitative attributes of 3D isovists 
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(fewer or more cavities); and mean values for visual integration (VGA). The data (number of 
thefts and robberies) was given by professor Circe Monteiro, previously published in his article 
(Monteiro and Cavalcanti, 2015). 

First, a Kernel map was created to evaluate densities and patterns of crime within the terri-
tory or, in other words, regions with higher or lower density of crimes occurring between 2010 
and 2012. Secondly, based on the Kernel map, nine street segments of Boa Viagem were selected, 
representing a minimum statistical sample – 1% of the total number of robberies and thefts. 
(Figure 2 [1-9]) This selection considered three different densities of crime: high density (more 
than 10 events); medium density (between 1 and 10 incidents); and low density (no occurrenc-
es). In Figure 3 [A], segments 1, 2 and 3 represent urban spaces characterized by high density of 
crimes. Segment 1 is in Padre Carapuceiro Street – one of the main access routes to the larg-
est shopping center and the largest gated community in Boa Viagem. Segment 2 corresponds 
to Faustino Porto Street, where one can see the constant presence of private security guards, 
probably due to the proximity to the largest private school. Segment 3 corresponds to Poeta 
Zezito Neves Street, where there is a notable presence of large buildings and a low number of 
users. Segments 4, 5 and 6 correspond to urban spaces that register a medium density of crime. 
Segment 4 is on Boa Viagem Avenue, near Boa Viagem Beach. Segment 5 (Hélio Falcão Avenue) 
is between two heavy-traffic routes in the neighborhood: Ribeiro de Brito Street and Ernesto 

Figure 2. Segment 1 (Padre Carapuceiro Street), 2 (Faustino Porto Street), 3 (Poeta Zezito Neves Street), 4 (Boa 
Viagem Avenue), 5 (Hélio Falcão Avenue), 6 (José Moreira Leal Street), 7 (Engenheiro Domingos Ferreira Avenue), 8 
(Ribeiro de Brito Street) e 9 (Ernesto de Paula Santos Street).
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de Paula Santos Street. Segment 6 corresponds to the José Moreira Leal Street and segments 7, 
8 and 9 to sectors of Engenheiro Domingos Ferreira Avenue, Ribeiro de Brito Street and Er-
nesto de Paula Santos Street, where no robbery or theft occurred during the period analyzed. 
It is important to note that these three segments have great importance for the neighborhood. 
Segment 7 cuts through the whole territory longitudinally and segments 8 and 9 connect Boa 
Viagem to major nearby neighborhoods, such as Imbiribeira and Ipsep. 

Finally, 2D and 3D isovists, as well as Visibility Graph Analysis (VGA), were produced, for 
each street segment. Statistical correlations were also established in order to understand rela-
tionships between different variables (Tables 1 and 2).

4. Results

As mentioned before, the results are obtained from correlations between two quantitative vari-
ables: the number of crime occurrences and occlusivity, compactness, perimeter, visual integra-
tion (VGA) and compacity (metrics extracted from 2-dimensional isovists and visibility graph 
analysis). The two variables are correlated if changes in one cause changes in the other, either 
positive (ratio directly proportional) or negative (ratio inversely proportional). Correlations 
between all these measures and the occurrence of crime were identified, for normalized values 
between 1 and 5), as shown in the scatter plots below (Chart 1). 

4.1. 2D Isovists

Values for occlusivity, compactness, perimeter and area were extracted from the 2D isovists. 
Occlusivity concerns the extent to which barriers in space restrict the view of the totality of 
the space, or, in the words of Benedikt (1979, p. 08), ‘how much the environments are hiding 
each other’. Thus, spaces with a high occlusivity value (such as a dense forest) are less intervisi-
ble, while spaces with low occlusivity, or near zero, are more intervisible spaces, which provide 
greater dominance of the visual field in its totality.

Figure 3. [A] Kernel map and the nine segments, [B] 2D isovist per segment, [C] VGA map.
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Correlation of occlusivity values and the number of occurrences of crime, show that there is 
a tendency for more crimes to occur in spaces with lower occlusion values, which means that 
spaces with low occlusion (high intervisibility) are potentially more vulnerable to crime. This is 
made even clearer by the scatter plot (see Figure 1A). It is a common belief that criminals prefer 
much more occlusive spaces to attack their victims, as there is a greater possibility of hiding or 
evading detection. But the results show the opposite: criminals prefer places that afford them 
greater appropriation of the visual field of the space in its totality.

In Boa Viagem, the urban fabric – a slightly deformed orthogonal mesh, predominantly 
composed of streets and long avenues – causes the isovists to assume an elongated shape with 
large areas and perimeters. The correlation between the isovist area and crime is almost perfect, 
indicating that there are more robberies and thefts in isovists with smaller areas (Graphs 1B and 
1D). Committing crimes in smaller visual fields is possibly another strategy used by criminals. 
This result suggests that they prefer to have victims at a short social distance. According to Ed-
ward T. Hall (Hall in Gehl, 2014, p. 34), ‘we can see people 100 meters away, and if the distance 
is smaller, we can see a little more’. According to Gehl (2014, p. 34) ‘we recognize a person at 
a distance of 50 to 70 meters’, the same distance from which we enter the field of hearing and 

Segments Crimes Occlusion Perimeter Area VGA Compacity

1 14 3 .08 2 .72 1 .27 3 .32 1 .15

2 14 1 .57 1 .61 1 .07 2 .22 1 .84

3 14 1 1 1 1 5

4 6 4 .50 5 5 1 .64 3 .28

5 6 2 .06 1 .92 1 .18 2 .61 2 .09

6 6 1 .37 1 .30 1 .04 2 .60 3 .09

7 0 5 4 .43 1 .88 5 1

8 0 2 .45 2 .23 1 .15 3 .74 1 .21

9 0 2 .99 2 .61 1 .21 3 .58 1 .03

Standard deviation 1.3754 1,3654 1,2852 1,2026 1,3615

Table 1. Results for normalized values.

Segments Crimes Occlusion Perimeter Area VGA Compacity

1 14 2220 .87 2,598 .62 19,837 .86 3 .35 0 .037

2 14 751 .10 1,252 .30 7,401 .69 3 .01 0 .059

3 14 185 .79 499 .53 3,180 .31 2 .63 0 .160

4 6 3615 .78 5,378 .09 243,017 .93 2 .84 0 .105

5 6 1225 .09 1,623 .43 14,143 .25 3 .13 0 .067

6 6 549 .92 870 .90 6,007 .67 3 .12 0 .099

7 0 4098 .66 4,694 .84 56,319 .36 3 .88 0 .032

8 0 1599 .31 2,005 .71 12,494 .74 3 .48 0 .039

9 0 2137 .68 2,468 .83 16,104 .42 3 .44 0 .033

Table 2. Results for non-normalized values.
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Figure 4. 3D isovists electronic model of the 9 segments analyzed within the environment (first line) and without the 
surroundings (second line) and photos of the physical model in acrylic (third line).

can hear screams. ‘At a distance of 22 to 25 meters, we can read correctly facial expressions and 
dominant emotions’. But experience only becomes interesting and exciting from a distance of 
less than ten meters, and preferably at even smaller distances, when we can use all our senses 
(Hall in Gehl, 2014, p. 34). Criminals, therefore, seem to prefer smaller visual fields because they 
can use all their senses to commit crime.

4.2. 3D Isovists

The three-dimensional isovists were generated with the aid of the parametric design tools Rhi-
no and Grasshopper. The modeling considered existing buildings in the surroundings of each 
segment. The intent was also to explore attributes such as the three-dimensional occlusion, vis-
ible volume and surface of each 3D isovist. However, it was not possible to extract metrics using 
the DeCodingSpace Toolbox for Grasshopper (Abdulmawla et al., 2017), since the algorithm is 
still in development.

The qualitative analysis was performed on the basis of observation of the existence of a larger 
or smaller number of cavities. This evaluation was conducted using digital fabrication of 3D 
isovists produced in acrylic. There were more cavities in isovists corresponding to streets where 
more crimes occurred, leading to the conclusion that there may be a relation between three-di-
mensional occlusion and the occurrence of crimes. As crimes usually occur on the ground floor, 
residents of vertical buildings can act as vigilantes, inhibiting criminal activity, particularly 
those residing on the first floor. According to Gehl (2014, p. 41), “the contact between the build-
ings and the street is possible in the first five floors. Contact with the city quickly dissipates 
from the fifth floor ‘.

Three-dimensional visual field cavities generated by visual obstacles, such as septa, walls, and 
other elements present in the urban environment can thus help to increase the occlusion of the 
three-dimensional field of vision of the first floors of buildings, making urban space even more 
vulnerable to the occurrence of crimes.

4.3. Visibility Graph Analysis (VGA)

The DepthmapX software package was used for visibility graph analysis, establishing a grid 
of points in the open space and analyzing the intervisibility between them. In the case of Boa 
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Viagem, a grid of 60,940 points was created, with each point in space corresponding to an in-
tegration value. The integration values ranged from 7.18228 to 1.47224. The visual integration 
values for the nine segments analyzed were obtained from the average values of all points con-
tained in the space of each segment. The mean values were later correlated with the number of 
crimes occurring in each segment. It has been observed that in Boa Viagem there is a tendency 
for crimes to occur in spaces with lower visual integration values, which may indicate that 
criminals prefer to commit crime along the streets rather than on the corners, where visual in-
tegration is higher (Graph 1E). Likewise, they prefer compact and rather than large open spaces, 
in which visual integration is higher.

Overall, urban grids in which the proportion of unbuilt spaces is larger than the proportion 
of built spaces, such as in the modern city of Brasília, have a larger visual integration value. 
By contrast, the irregular or informal grids of traditional cities, where the proportion of built 
spaces is higher than the proportion of unbuilt spaces, have a lower visual integration value. 
However, in both cases, the corners spaces will always have higher visual integration values than 
spaces along the street.

It is therefore possible that, before committing a crime, criminals prefer to observe their vic-
tims from the corners so as to have greater visual control over them. However, they may prefer 
to act unseen in less visually integrated spaces, such as in the middle of urban blocks, not giving 
the victim time to react or to escape in other directions, as facilitated by the corners.

5. Discussion 

The occurrence of crimes in cities is obviously not determined by a single morphological aspect 
of urban space, such as visibility, neither by all variables of urban form. Urban crime is one 
of the problems triggered by the fragility of the city’s social function. Social problems such as 
unemployment and deprivation of basic public services, especially health and education, con-

Figure 6 – Correlation graphs between crimes and occlusivity [A], perimeter [B], compacity [C], area [D] and VGA [E]

Figure 5. Prototype of Segment 1 3D Isovist
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Viagem, a grid of 60,940 points was created, with each point in space corresponding to an in-
tegration value. The integration values ranged from 7.18228 to 1.47224. The visual integration 
values for the nine segments analyzed were obtained from the average values of all points con-
tained in the space of each segment. The mean values were later correlated with the number of 
crimes occurring in each segment. It has been observed that in Boa Viagem there is a tendency 
for crimes to occur in spaces with lower visual integration values, which may indicate that 
criminals prefer to commit crime along the streets rather than on the corners, where visual in-
tegration is higher (Graph 1E). Likewise, they prefer compact and rather than large open spaces, 
in which visual integration is higher.

Overall, urban grids in which the proportion of unbuilt spaces is larger than the proportion 
of built spaces, such as in the modern city of Brasília, have a larger visual integration value. 
By contrast, the irregular or informal grids of traditional cities, where the proportion of built 
spaces is higher than the proportion of unbuilt spaces, have a lower visual integration value. 
However, in both cases, the corners spaces will always have higher visual integration values than 
spaces along the street.

It is therefore possible that, before committing a crime, criminals prefer to observe their vic-
tims from the corners so as to have greater visual control over them. However, they may prefer 
to act unseen in less visually integrated spaces, such as in the middle of urban blocks, not giving 
the victim time to react or to escape in other directions, as facilitated by the corners.

5. Discussion 

The occurrence of crimes in cities is obviously not determined by a single morphological aspect 
of urban space, such as visibility, neither by all variables of urban form. Urban crime is one 
of the problems triggered by the fragility of the city’s social function. Social problems such as 
unemployment and deprivation of basic public services, especially health and education, con-

Figure 6 – Correlation graphs between crimes and occlusivity [A], perimeter [B], compacity [C], area [D] and VGA [E]

tribute to increased criminality. Society, therefore, seeks to protect itself within enclosed pri-
vate spaces. However, the constitution of visual barriers has a significant impact on the visual 
and social field of a space, because this alters the configuration, morphological properties and, 
consequently, the social relations to be established in urban space, through changes in the way 
we perceive it.

According to Hall (2005), “the space shaped by our vision is important in the establishment 
of human and socio-spatial relationships and responsible for its appropriation. The nature of 
the visual space is much more complex than the nature of the auditory space, for example, be-
cause a sound barrier at a certain distance causes less impediment than a visual barrier”. Hall 
(2005, p. 79-88) also noted that the amount of information transmitted by our vision is much 
higher, when compared to any other sense. Using the sense of sight, human beings perform 
various functions, such as identifying food, friends and the physical state of materials from a 
certain distance. Also, the sense of vision orients us within a space and gives us enough infor-
mation to avoid obstacles and dangers, to create tools, and to take care of ourselves and others. 
However, it is important to distinguish two concepts: the visual space and the visual world. 
The visual space is everything we see, while the visual world is our perception of what is being 
seen: danger, comfort, safety, and so forth. Peripheral vision is thus also an essential concept for 
human safety, since, even without perfect visual acuity in these regions, it is possible to identify 
imminent dangers and even elements secondary to vision.

Criminals probably, therefore, use all the sensory capabilities provided by the eye to com-
mit crime and the configuration of the space may facilitate or restrict this. Further research in 
this field is essential and even more complex relations between the morphological attributes of 
space, perception and environmental psychology need to be investigated.

6. Conclusion

In short, this paper has sought to identify relationships between visibility and crime, as well as 
to test the applicability of isovist and visibility graph analysis in evaluation of urban vulnera-
bility to crime, aiming to contribute to local and international studies. 

Although the number of samples is small, the results suggest that criminals prefer to com-
mit crimes in low occlusive urban spaces and choose spaces along the streets instead of spaces 
located at the corners. They also opt for more compact spaces with a smaller area and a smaller 
visual field perimeter, to the detriment of large open spaces. In order to facilitate crime, they 
operate in spaces where people commute and select less occlusive and compact urban spaces so 
that they can have greater visual dominance of their victims. These results demonstrate that iso-

Figure 6. Correlation graphs between crimes and occlusivity [A], perimeter [B], compacity [C], area [D] and VGA [E]
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vists and visibility graph analysis do have great potential to assess spatial vulnerability to crime, 
as well as to propose solutions to mitigate the occurrence of crime in the built environment.
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