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Abstract
The lack of accessible crime data, especially geolocations, in developing countries often acts as a barrier to identifying
environmental or situational factors in high crime areas that might contribute to the facilitation of those crimes. This
paper presents a methodology for conducting fieldwork for creating heat maps to identify areas prone to violence
against women (VAW) in Corregidora, Mexico. Heat maps were produced based on household survey data. The
results were used to select specific high concentration locations to conduct structured observations and inductive
visual analysis at street level in order to identify if and what situational factors might influence the perpetration of VAW
in those locations. Four broad features were identified in the urban built environment during the site visits linked to
the facilitation of opportunities for the commission of VAW: (1) lacking infrastructure, (2) presence of physical obstacles, (3) poor visibility and (4) restricted pedestrian mobility. The paper demonstrates the utility of this method for
aiding situational crime prevention strategies in areas where official spatial crime data is unavailable or lacking. This
study presents a relatively low cost (although labour intensive) and independent method of aiding crime prevention
strategies, which will hopefully be of practical value for organisations in areas with poor crime recording practices and
limited access to expensive mapping technologies.
Keywords: Violence against women, Heat maps, Density analysis, Crime mapping, Infrastructure, Built environment
Introduction
This paper presents a fieldwork methodology that used
heat maps to identify areas prone to Violence Against
Women (VAW) in the public sphere of five urban localities of the municipality of Corregidora, Querétaro in
Mexico1. The heat maps were used to identify locations
where women appeared to be more vulnerable to violence in public places. In-depth structured observations
and visual analysis at ground level were then conducted
at these locations to identify features for crime prevention through environmental design. It was found that
these spaces shared the following four urban built environment features: (1) lacking infrastructure, (2) presence
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of physical obstacles, (3) poor visibility, and (4) restricted
pedestrian mobility.
This fieldwork methodology can be applied to understand gender-based violence, particularly against women,
in urban settings where no official data is available, or to
test the accuracy of official data with onsite field data.
The heat maps created for this study were based on data
collected through household surveys and produced using
publicly available mapping software.

Background
Violence against women

Gender-based violence is any act of violence in which
the motive of the attack is directly related to the victim’s
gender (McIlwaine 2013). More specifically, Violence
AgainstWomen (VAW) is defined as any act of violence
that is directed towards a person who socially identifies as
1
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woman (Council of Europe 2011; Shepherd 2008). These
acts can result or are likely to result in sexual, psychological or physical harm or suffering, and include coercion,
threats, or deprivation of liberty, and can occur in public
or private spheres (United Nations (UN) 1993). Feminist
theories agree that the underlying causes of gender-based
violence are rooted in patriarchal relations, with social
control being exercised over most women and some men
(with implications for their autonomy to move in public
spaces) in the interests of the dominant gender, class,
ethnic, religious, sexuality or age groups (McIlwaine
2013; Levy 2013).
Control over mobility can come in the form of violence
as well as physical barriers, such as lack of or insufficient
infrastructure (McIlwaine 2013; Parikh et al. 2015). Some
studies have found that VAW committed in the public
space can be associated with spaces such as vacant fields
and buildings, narrow paths, construction sites, parks,
spaces with poor lighting or near public transportation
(Belur et al. 2016; Willman and Corman 2013; Dymén
and Ceccato 2012). This shows that women are more
likely to experience violence in certain urban areas and
environments than in others (Dymén and Ceccato 2012).
Furthermore, risk in cities is not homogeneous; areas of
mixed land use, city centres and transportation nodes
tend to be more criminogenic than residential areas
(ibid). Different layouts and land uses, such as the segmentation of services by major roads in large city centres
and the relocation of industrial areas to the periphery of
cities, can also pose different problems for women than
for men (Loukaitou-Sideris 2016).
Situational factors that facilitate crime

Although the interconnections between urbanisation,
violence and crime are complex, the configuration of
the built environment influences the way people interact with the urban space and its community (Foster and
Giles-Corti 2008; Gupte et al. 2014; Hong and Chen
2014; Oreskovic et al. 2014). Urban areas can provide
the setting for various types of violence, especially when
high rates of growth overwhelm government capacity to
provide basic services, including security, to its residents
(Gupte et al. 2014; Willman and Corman 2013). Settings
that facilitate crime and fear are the by-products of the
environment that humans build to support the requirements of their everyday life (Brantingham and Brantingham 1995). Conversely, local crime patterns can be used
to understand how people interact with their physical
environment (Felson and Clarke 1998).
Built environment elements can facilitate crime and
violence by providing a space that makes them easy,
safe and profitable, assisting in the interactions between
potential offenders and potential targets, having an
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impact on the types, quantities and timings of different crimes (Brantingham and Brantingham 1995). Environmental criminology is interested in the interactions
of people and their environment and argues that crime
should be understood as the product of offenders, victims and their setting, including laws and time (Brantingham and Brantingham 1981). The Routine Activity
Theory underpins the concept of interaction between
place, offender and target; assuming that for a crime to
occur, there must be a convergence in time and space
of three elements: a suitable target, a likely offender and
the absence of a capable guardian—any person whose
presence or proximity would discourage a crime from
occurring (Felson and Clarke 1998). Thus from an environmental perspective, where the crime occurs is an
important element for understanding why it occurred
and what can be done to prevent it. Many urban interventions that aim to prevent and reduce violence focus
on situational prevention approaches, which incorporate design measures in order to reduce crime opportunities (Farrington and Welsh 2002). Crime Prevention
Through Environmental Design (CPTED) aims to reduce
situational opportunities for violence through infrastructure improvements (Willman and Corman 2013, p. 19),
and there is evidence that situational prevention measures can reduce certain types of crimes. Some examples
include improvements in street lighting associated with
reduced property and vehicle theft, buildings with windows foster a sense of safety and ground-floor windows
have been found to promote pedestrian activity (Oreskovic et al. 2014; Farrington and Welsh 2002). A number
of studies on sexual offending against women have indicated that adopting a situational approach will reduce
opportunities for crimes to be committed in public places
(c.f. Leclerc et al. 2016; Cubbage and Smith 2009; King
2009; Eck 1994).
Certain attributes of the public sphere are correlated
with higher incidents of crime, and give way to the creation of crime generators or crime attractors. Crime
generators are accessible places to the public with large
numbers of people, attracted by reasons unrelated to
crime activities or criminal motivations and which lack
capable guardians, thus creating opportunities for crime
(Brantingham and Brantingham 1995; Ariel and Partridge 2017; Bernasco and Block 2011). There is a growing body of research that is looking at sexual offending
against women in public transport as an example of
crime generators in many developing countries. (c.f.
Mazumder and Pokharel 2019; Gekoski et al. 2017; Ceccato and Paz 2017; Natarajan et al. 2017; Tripathi et al.
2017; Chui and Ong 2008). A number of studies have also
located the solutions to VAW on public transport in situational measures (c.f. Natarajan et al. 2015; Newton 2014;
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Dunckel-Graglia 2013; Smith 2008). More research is
needed to understand how other forms of urban infrastructure can provide opportunities for the commission of VAW in public spaces (c.f. Mohamed and Stanek
2019; Belur et al. 2016; Bhattacharyya 2016; Parikh et al.
2015; McIlwaine 2013; Whitzman et al. 2013; Wesely and
Gaarder 2004; Massey 1994).
Spatial analysis to aid crime prevention

Studies of crime and place have identified that crime has
“an inherent geographical quality” (Chainey and Ratcliffe 2005, p. 1) and a local nature to be concentrated in
specific geographical areas, whether a street segment, a
road intersection or a specific address. The criminology
of place focuses in understanding why crime occurs at
specific places, as becoming a target of crime depends
on unique situational dynamics that are shaped by micro
geographic opportunity structures (Cornish and Clarke
1986), and crime locations are not distributed randomly
in space (Weisburd, 2015; Rossmo 2014). Crime mapping can therefore be used as a tool for supporting the
different tasks central to policing and crime reduction
(Chainey and Ratcliffe 2005). It can have different applications ranging from data collection to monitoring and
evaluation, the design of initiatives for crime prevention,
and communication with the public (ibid).
Concentrations of crime at specific locations can be
referred to as hotspots—which tend to be no larger than
a road intersection, street segment or a single plot of land
in some cases (Ariel and Partridge 2017; Mazeika and
Sumit Kumar 2017; Weisburd 2015; Bernasco and Block
2011). According to Chainey and Ratcliffe (2005), “a hotspot represents an area of high crime concentration, relative to the distribution of crime across the whole region
of interest” and present accurate and specific point data
(Chainey and Ratcliffe 2005; Kulyk and Sossa 2018).
There is no universal standard to define the number of
crimes that have to occur in an area to be defined as hot,
as it depends on the average of its specific location (Eck
et al. 2005).
Heat maps are an alternative tool for crime mapping.
Yu and He (2017) describe heat maps as an applied
method for visualising spatial patterns. In this method,
the data is processed into a continuous colour distribution, and the heat, as Kulyk and Sossa (2018) describe it,
derives from the high geographic concentration of events
in or around a particular location. They are surface density maps (ibid) which can be used as an alternative
spatial analysis approach when the available data is not
suitable for hotspot analysis.
Crime mapping has been widely used in policing and
crime prevention planning by law enforcement agencies
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around the world (Leong and Chan 2013; Chainey and
Ratcliffe 2005). In Mexico, the use of crime maps is still
in its early stages. The government of Mexico City is the
only state in the country known to have produced georeferenced data as well as openly published crime data
(Gobierno de CDMX 2020; FGJ CDMX 2020). Calderón et al. (2019) produced a national level heat map for
Organized-Crime-Style Homicide, examining trends in
organized crime and violence in Mexico during 2018.
There have also been grassroot efforts to map some of the
events of violence that occur in the country. Valle-Jones
(2019) used open national data to produce data visualisations and maps of Mexico City’s crime spots.
The application of crime mapping to model spatial patterns of VAW has only gained attention in recent years
(Manazir et al. 2019; Mohamed and Stanek 2019; Serendipia 2019; Fontes et al. 2018). One development has
been the creation of apps for informing female users of
potential areas of risk, based on user reports of events of
violence (Muldoon et al. 2019; SafetiPin 2020; Harassmap
2020). In Mexico, there are only a handful of examples of
crime mapping of VAW. The United Nations Office on
Drug and Crime (UNODC) in Mexico partnered with
the State Institute of Women of the state of Nuevo León
to create a state-level heat map to display the areas most
at risk of VAW in Nuevo León. The project was based
on official crime data recorded by different state and
national institutes (López Padilla et al. 2018). An exploratory analysis aimed at identifying patterns of harassment
in the metropolitan area of Querétaro was conducted
by San Román Tajonar and Meza de Luna in 2019. Their
data was based on a web harvesting exercise in which
victims of VAW registered their attack online. At grassroot level, Salguero (2019) mapped feminicides2 reported
in the media. In terms of policing, apart from the data
published by Mexico City’s local government, there is no
evidence or other publicly available data to suggest that
VAW crimes are georeferenced by the police at national,
state or municipal levels.
Case study context

Corregidora municipality is located in the southwest of
the state of Querétaro, Mexico (see Fig. 1). As of 2018,
the municipality was divided into 59 localities which
were further subdivided into 64 basic geostatistical areas

2

A femicide or feminicide refers to “the murder of women because they are
women, whether it is committed within the family, a domestic partnership,
or any other interpersonal relationship, or by anyone in the community, or
whether it is perpetrated or tolerated by the state or its agents” (OHCHR and
ONU Mujeres 2014, p. 14).
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Fig. 1 Map of Corregidora (Figure by the first author with maps created with shapefiles from INEGI (2015a)

(Agebs), of which 60 were classified as urban and clustered into 6 localities3. The urban extent of the municipality of Corregidora is part of the metropolitan area
of the city of Querétaro (ibid). It is a rapidly growing
municipality, with different estimates showing population growth projections ranging from 5.2% to 8% annually (Banda Campos 2017, 2019; INEGI 2015b). Despite
local government efforts to plan the urban landscape
(oral communication with local politicians, 2019), rapid
urbanisation has allowed for unorganized, uncontrolled
and exponential expansion of the municipality, which has
become dispersed, distant and disconnected (Kim and
Zangerling 2016). This growth has posed a challenge for
the local government in terms of budgeting and planning,
including delivery of infrastructure (oral communication
with local politicians, 2019).
A national Mexican survey (National Survey on the
Dynamics of Household Relations—ENDIREH) measured the prevalence of VAW and indicated that in the
state of Querétaro 38.7% of women have been victims
of gender violence by strangers in public spaces such as
parks, streets and public transportation, and 66.8% of

3

In 2019, however, the municipality was reclassified and one urban locality
and 258 rural localities were added to the catalogue (SEDESOL 2019).

these aggressions were of sexual type, including offensive remarks, intimidation, attempted rape and/or rape
(INEGI 2016a, 2017). However, data for this survey is
aggregated at state level, not at municipality level. Apart
from this survey, conducted every 5 years since 2006,
official data regarding VAW is scarce. Independent and
autonomous institutions tend to replace official organisations in the dissemination of data on VAW. Such is the
case of Observatorio Ciudadano de Querétaro (OCQ),
which reported 282 cases of VAW from July to September 2017 (OCQ 2018) and an increase of 7.57% of VAW
in 2019 compared to the previous year, but there is little contextual information to indicate what this number
means (OCQ 2019). This data is difficult to find, lacks
references and is usually only provided upon request.
Other publicly available data includes statistics by the
Mexican Secretariat of Public Security (SESNSP) regarding criminal activity across the country. However, the
methodology for reporting crime—including VAW—
was not standardised at national level until the beginning of 2018 and data is only available at municipal level
(not locality level; SESNSP 2018). Thus, official records
regarding the number of reported cases, registered pretrial investigations and/or investigation files over time
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is readily available and there are inconsistencies in the
figures and types of reported crimes4. Moreover, during
the course of this research, despite best efforts, it proved
difficult to gain access to official crime figures from the
police in Corregidora.

Methodology
Given the researchers’ limited access to official crime
statistics and the recognition that incidents of VAW
reported to the police would not necessarily reflect the
prevalence of VAW in a particular area, it was decided
to create exploratory heat maps to understand the distribution of VAW within the urban extent of Corregidora municipality. Household surveys were designed
to include questions for georeferencing locations where
participants reported experiencing VAW in the public
sphere. These locations were used for conducting spatial
analysis to create heat maps, which in turn were used to
identify specific locations to conduct site visits and visual
observations for infrastructure assessment.
Household surveys

The household survey (HHS) was designed to gather data
regarding sociodemographic characteristics, perceptions of community cohesion and experiences of VAW
of the participants, including the time and location of
incidents. The questions consisted of 13 types of VAW5,
some of which are not considered crimes in Mexico,
such as offensive remarks or shaming someone for being
a woman. The survey questionnaire was adapted from
three Mexican national surveys designed by the National
Institute of Geography and Statistics of Mexico (INEGI
for its acronym in Spanish) into consideration: ENDIREH (regarding household dynamics), ENVIPE (survey
on victimisation and perception of safety) and ECOPRED

4

According to the methodology used by the SESNSP from 2011 until December 2017, gender-related crimes were only categorised in three types: rape,
statutory rape and other sexual crimes (SESNSP 2018). Later amendments to
the methodology disaggregated crimes into more categories: feminicides (subdivided depending on the weapon used –firearm, knife, another implement or
unspecified), sexual abuse, sexual harassment (subdivided into general sexual
harassment or harassment between a person in a similar power hierarchy or
by a person in a superior power hierarchy), rape (subdivided into simple or
rape by objects other than a penis, statutory rape or sexual intercourse with a
person who cannot resist due to illness, loss of consciousness, disability or any
other cause), incest, other crimes that threaten freedom and sexual security,
family violence, and gender violence in all its forms other than family violence.
5

The list of types of violence was taken from INEGI’s ENDIREH survey
(INEGI 2016a), which includes: T1: Whistling or offensive sexual remarks;
T2: Stalking; T3: Offended or humiliated for being a woman; T4: Ignored for
being a woman; T5: Pinched, pulled hair, pushed, pulled, slapped or thrown
an object; T6: Lifted skirt or dress or pulled clothes; T7: Been touched,
groped, leaned against or kissed without consent; T8: Fear of being attacked
or sexually abused; T9: A person showed them their private parts or touched
themselves in front of them; T10: Was forced to watch porn or sexual acts;
T11: Kicked or punched; T12: Attempted rape; T13: Rape.

Fig. 2 Urban Agebs of Corregidora municipality (figure by the first
author with maps created with shapefiles from INEGI (2015a)

(survey of social cohesion and crime prevention) (INEGI
2019a).
Sample

The sample followed a clustered sampling approach, in
which the sample selection was randomised after the
sample parameters had been outlined. The target population of the HHS was female residents who were 18 years
of age or older from five urban localities (comprising 60
Agebs) of Corregidora (see Fig. 2). The aim of the sample selection was to understand the varied experiences
of VAW that different groups of women have across the
urban extent of the municipality. The sample unit of the
HHS was blocks, to ensure anonymity of the respondents, with each block in the sample being represented
by one woman. The sample population was based on the
INEGI 2010 Population and Housing Census (INEGI
2010, 2015b). Based on the population size, a sample of
300 units (blocks) was calculated using a two-stage6 simple random sample7 with a finite population correction8
design with proportional allocation, with an additional
15% added considering no response rates. The master
6

20% of the initial sample was replaced because that percentage of the blocks
fell within gated neighbourhoods. Most of the gated neighbourhoods denied
access to the data collection team.
2

7

1.95×0.4×0.6
= 368.91 where n0 = samSimple random sample: n0 = z epq
2 =
0.052
ple size n0; z = confidence level, set at 95%; p = estimated proportion of
interest, assumed to be 45%, which was calculated by dividing the number
of females over 20 years of age by the total population (40,485/101,116);
q = (1 − p); e = margin of error (5%).

8
Finite
n = n0n0 =

1+

N

368.91
1+ 368.91
828

population
correction
formula:
= 255.21 × 1.15 = 293.49 ≈ 300 where n = final sam-

ple size; n0 = sample size n0.
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sample of the INEGI National Housing Framework of
20169 was used for selecting the sample blocks (INEGI
2016b). The blocks were selected randomly using a random selection formula10 in RStudio applied to the spatial data provided by the National Housing Framework
of 2016 (INEGI 2016b). A random household within
the selected block was chosen on site at the time of data
collection11.
Data collection

The software used for data collection was KoBo Toolbox, which allows users to download the collected data
directly from the online platform. Given the sensitivity of the research, all the questions and answers were
pseudonymised12 as a risk mitigating strategy in case of
breach of information within the software. In order to
ask the survey questions, hard copies of the survey were
used, but the answers were recorded on a tablet in the
tool’s app. The locations were recorded using the geographic data collection option of ‘area’ available in the
software, which allows for the use of Open Street Maps
Software Development Kit to input locations as answers.
The software’s pre-set coordinate system was used to
georeference13 the locations.
Creating maps

The HHS asked if participants had experienced 13 different types of VAW in the public sphere14 and where
these incidents took place. If a participant had experiences of violence, and remembered the location, the
location was registered as a polygon or a line over a

9

Which reports 828 inhabited dwellings with more than one household and
information regarding population (INEGI 2016b).

10
11

set.seed() function.

The selection of the household was based on convenience sampling
discussed during training of data collectors. The data collectors selected
houses using a combination of those easy to access taking into consideration
safety issues and in most of the cases the data collectors knocked on every
door of the block until there was a willing participant. There was no quota
sampling. There were no call backs if participants were not home at the
time of the survey, and if there were no participants found within a block,
that household/block was marked as ‘no response’. The HHS were applied
in November of 2018, Monday to Friday from 800 h to 1830 h and Saturday
and Sunday from 1000 to 1830 h.
12
E.g. They were recorded in the tool as ‘Question 1’ and the possible
answers as options ‘a’, ’b’, ‘c’, …, with no further context.
13
“Georeferencing is the process of assigning locations to geographical
objects within a geographic frame of reference’’ (Yao 2009). In the case of
this research, the frame of reference refers strictly to a geographic coordinate system.
14

The question asked if the incident occurred within the year prior to
the survey. Participants were given the choice to say how many times it
occurred within that year. However they were still given the choice to say if
it occurred more than a year prior to the survey taking place.
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map in a tablet15. Two programmes were used for the
analysis of the spatial data and the creation of the heat
maps: QGIS and RStudio. QGIS was used for clustering
the incidents and RStudio was used for carrying out the
density analysis and subsequent creation of heat maps.
The heat maps were created at two levels: the urban
extent of the municipality and cluster level, each level
yielded maps showing different concentrations in different areas.
When the data was first visualised, it was found that
some locations fell outside the boundaries of Corregidora
municipality, which for the purposes of this research—
that focuses on the infrastructure delivery within the
municipality—were irrelevant, so the features were not
included in this analysis. It was also found that some
polygons covered a whole neighbourhood while others
marked a street corner. The difference in sizes presented
a challenge for obtaining more accurate locations. It was
therefore decided to use the centroids (geometric central point of a polygon or plane figure) of the polygons as
point maps for creating the heat maps as a way of simplifying the process16. The centroids were determined using
the QGIS Polygon centroid function.
The centroids of the polygons were also used to subset
the events reported in the surveys into clusters to create heat maps at a local scale. The cluster level heat maps
thus segregated the urban space and informed the decision of which locations would be visited at a later stage
for carrying out observations. It was decided to aggregate
the different types of VAW to create the heat maps, given
the low percentage of answers with spatial data relevant
for the study. Once the centroids were determined, ten
clusters were generated using the QGIS K-Means clustering plugin. In terms of selecting the number of clusters,
a balance was needed between geographical coverage of
the clusters and number of incidents contained within
the clusters. The fewer number of clusters, the larger the
geographic area they covered within the municipality; on
the other hand, the greater the number of clusters, the
fewer incidents within the cluster. Having tested a range
of number of clusters was tested (between 7 and 12), it
was decided that 10 provided a balance between both
factors.

15
If a participant did not remember the location, she was given the option to
say the type of location where the incident happened, but those answers were
treated as quantitative answers.

16
It was decided to use the centroids, rather than a random point or feature within the polygon, particularly for the bigger polygons, as it was
determined that the centroid was a less biased coordinate than choosing a
random point or feature within the polygon, as it is not possible to know
where the incident occurred within the area that the participants reported.
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A simple density analysis was carried out in RStudio by
using ggplot2 and the 2D density estimation code. Contour lines were added to show the rate of change across
the surface (Mitchell, 1999). The code17 used was developed taking the work of Ellis (2018) and Collier (2013) as
reference, and it yielded the map in Fig. 518. The spatial
analysis was conducted while in the field, with limited
time for a thorough analysis, as decisions regarding site
visits needed to be carried out within a limited timeframe. A practical method was thus required in order to
carry out a quick but comprehensive analysis. This heat
map method was chosen due to its simplicity and ease of
implementation.
Site visits and observations

Specific locations within each cluster were then selected
for site visits, in order to investigate their urban infrastructure attributes—such as roads, sidewalks, lighting
and bus stops—and their delivery status and condition.
This visual analysis sought to broaden the understanding provided by the mapping data by gathering on the
ground information. A checklist (developed by the first
author19, see Additional file 1: Appendix for the checklist), photographs and video recordings20, were used to
create methodical field notes during the site visits, and
the collected data was analysed inductively. All the locations were visited during the day and night.
Decision making process of site selection for observations

The locations for site visits and visual analysis were chosen by using the previously generated clusters to divide
the municipality in manageable areas that concentrated
events of violence in regions. Two maps were then overlaid: the heat maps per cluster and the point maps of
the polygon centroids of that cluster, which showed the
type of VAW as a marker of the severity of the reported
incidents (similar as shown in Fig. 5 but at cluster level).
A map of the polygons as reported in the HHS that fell
within the same cluster was used alongside to inform
about the polygon size of the responses. These maps were
used to choose one to three locations per cluster. The
areas with highest concentration of incidents in the heat
maps were prioritised, followed by the severity of the
17

Available upon request.

18

The same code was used for each level, by changing the central coordinate and zoom number. The heat maps of each of the clusters will not be
shared due to security reasons and the privacy of the victims.

19
The checklist was developed through previous experience doing transect
walks in development work. A similar approach was found in the work of
Crowe and Fennelly (2013).
20

The video recordings were only taken at night time, as the sites were
visited by car, due to safety concerns for the researcher and data collection
team.
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type of VAW that occurred at a certain location within
the cluster. If a cluster had a low number of incidents,
areas within the cluster that had fewer but more serious types of incidents were prioritised over areas with a
higher concentration of less serious incidents. Additionally, the maps showing polygons were used to corroborate whether the clusters contained neighbourhood size
polygons or a more specific location, in which case, the
latter were given more importance in decision-making
to conduct observations in terms of fieldwork feasibility.
The geography of the site was also considered, so where
several incidents were reported alongside a stretch consisting of a few blocks (no more than 200 m), the entirety
of the stretch was considered as a single location. Due to
the limited resources available to conduct this research,
where to conduct the site visits necessarily involved balancing the factors outlined above for each cluster.

Results
Household surveys

272 household surveys were conducted, with a response
rate of 89.18%21 (see Fig. 3 for a comparison of the age
ranges for the HHS participants with the age ranges
in the largest urban locality of the municipality of Corregidora). Regarding events of VAW, 167 respondents
(61.39%) expressed having experienced at least one type
of violence (see Fig. 4 for a breakdown of responses per
type); these 167 responses yielded a combined total of
394 events of experienced violence.
Of these 394 events, 210 (53%) contained some form of
spatial data, either a line or a polygon. Only 145 responses
(37% of the total responses, 69% of the responses with
spatial data) were used for the creation of the heat maps,
as these were the ones that contained information that
met the criteria for creation of the maps. It must be noted
that not all the participants remembered the location of
the incidents of violence they experienced; and in some
cases, those events took place in their home—information which the data collectors were not allowed to collect
due to the data confidentiality and anonymity protocols
of the study. Some women found it difficult to remember
the exact location where they were victimised in public,
particularly with incidents of “less serious” harassment
such as catcalling and whistling22. It is also acknowledged
that some women may have been reluctant to provide
information about their experiences of VAW to strangers
(WHO 2001, pp. 15–17).

21

22

305 households were visited. The no response rate was of 10.82%.

The authors have quantitative data of other locations where incidents
took place (generic answers such as ‘on the bus, in a park, on the street,
etc’), however this information was deemed as not relevant for the purposes
of this paper.
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Fig. 3 Breakdown of age ranges of HHS participants (as well as those that experienced and did not experience VAW) in comparison with the age
breakdown of the same age ranges of the largest urban locality of the municipality of Corregidora (El Pueblito) (Source: The first author and INEGI
(2015c))

Fig. 4 Percentage of survey respondents that experienced VAW per type. Number of survey respondents = 272. Figure by the first author

Garfias Royo et al. Crime Sci

(2020) 9:15

Page 9 of 15

gon for this event consisted of an intersection. In
those circumstances, the location where the second
most serious incident took place was visited.
(c) In cluster 4, the 4 events that were reported fell
within the four corners of the neighbourhood, so it
was decided to visit the place where the most serious event occurred.
It is possible that for the locations with few events (i.e.
locations with 3 incidents per observation) the heat maps
were not necessary to identify locations, however they
were subjected to the same site selection method as the
rest of the areas. As for the areas with higher number of
incidents, such as areas with 33 incidents (11 incidents
per observation as a simplified example, see table 1),
these were concentrated in clusters, hence the heat maps
were a useful tool for identifying concentrations.
The 22 places that were visited were divided in three
categories (see Table 2 for the breakdown of places
visited):

Fig. 5 Heat map with centroids of events in the urban extent of
Corregidora. The shading of the point corresponds to the cluster in
which the points are grouped. Figure by the first author

• Roads: 13 locations (59%),

Table 1 Number of incidents and visited locations per cluster
Cluster

1

2

3

4

5

6

7

8

9

10

Number of incidents of VAW
with spatial data

3

33

7

4

13

18

13

14

16

24

Visited locations

1

3

1

1

3

3

2

3

2

3

Maps

The map in Fig. 5 resulted from the concentration analysis. The map presented shows the heat map created at
the urban extent of the municipality, and it includes the
results of all the urban localities.
Site observations

Site visits to 22 locations were carried out to conduct visual analysis. The locations were scattered throughout the
10 different clusters (see Table 1 for the number of locations visited per cluster, as well as the number of incidents with spatial data within each cluster). Clusters 3
and 4 were the only clusters in which the heat maps were
not used for choosing a location within the cluster due to
the following reasons:
(a) They both had a low number of incidents (7 and 4
respectively).
(b) In cluster 3, the polygon for the most serious event
encompassed half of the neighbourhood, the highest concentration area did not include where the
second most serious event took place, and the poly-

• Parks or plazas: 7 locations (32%), and
• Bridges: 2 locations (9%).
Roads

The 13 road locations were further subdivided into segments and intersections: 9 locations were street or road
segments and 4 locations were street or road intersections. Of these 13 locations, 1 site had no sidewalks or
road surface and the remaining 12 had narrow sidewalks23 and/or were blocked by trees, lamps and electric
posts, steps or ramps leading to houses, rubbish, broken surfaces or a combination thereof, and people were
observed walking on the road instead of the sidewalk.
Parks/plazas

6 of the locations were parks and 1 was a plaza. The parks
varied in size—from a small local recreation area to one
23
Defined as sidewalks in which only two people standing side by side fit in
the surface width of the sidewalk or narrower than this.
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Table 2 Breakdown of locations per type
Type of area

# of locations

% of total

Road

13

59

Segment

9

Intersection

4

Park/plaza

7

Park

6

Plaza

1

Bridge

2

32

(b) had physical obstacles challenging mobility and
access;
(c) had spots of poor visibility at two levels:
1. private space towards public space,
2. within the public space; and
(d) were related to restricted pedestrian mobility.

9

Lacking infrastructure

of the largest city parks—and in levels of development.
The parks were open throughout the day and night. At
night, lighting across the parks was inconsistent and light
seemed to be concentrated at the edge of the parks, particularly in the bigger parks. Notably, in one of the parks
there was a large area of darkness directly behind a bus
stop. These spaces provide prime opportunities, particularly after dark, when guardianship is reduced due to
poor visibility.
Bridges

Both the bridges that were visited were located on the
edge of a neighbourhood. The first bridge was a motorway bridge over an avenue with 4 uncovered bus stops
on the 4 slip roads leading up to the motorway. It was
located on the boundary of a locality, surrounded by
gated communities, private schools, strip malls and
empty plots. Each bus stop faced the embankment of the
raised motorway and no buildings had direct views of the
bus stops. There was a clear lack of guardianship, particularly after dark when the non-residential buildings were
closed. The second bridge was a 125 m footbridge joining
two neighbourhoods over an open channel. On one side,
the hand rails of the bridge extended for a further 12 m
beyond the end of the bridge to reach the road, thereby
extending the 1.5 m wide bridge through what otherwise
would have been a small open space. This appeared to
be an unnecessary extension of the crime opportunities
already offered by the bridge, as well as creating new ones
in combination with the small open space24.
The visual checklist was useful to assess that regardless
of the visited locations having vastly different features,
they all:
(a) lacked/were deficient in some form of infrastructure;

24

As part of the first author’s Ph. D., focus group discussions were held, in
which participants associated the bridge with serious incidents of VAW and
other crimes.

While urban infrastructure and street furniture, such as
street lamps, sidewalks or surfaced roads25, were present,
they had not been delivered to completion or were lacking in their delivery. All the locations visited lacked infrastructure in some form, whether it was sidewalks, good
road surfaces, pedestrian crossings, proper lighting, covered bus stops or bus stop signs. Depending on the type of
infrastructure deficiency, it could act as a crime generator
(such as reduced sidewalks forcing people to walk closer
to each other) or reduce guardianship (such as a lack of
lighting) (Belur et al. 2016; Willman and Corman 2013).
Physical obstacles

The most common feature observed in most of the sites
was the inadequate space for pedestrians to transit without encountering obstacles. Most sites, including parks,
lacked wide sidewalks, or sidewalks altogether in some
cases. And those that had sidewalks often had lighting
and electric posts built in the middle of the sidewalk,
uneven and/or broken surfaces with steps, and/or rubbish, commercial goods or other types of obstacles. These
obstacles can assist in the commission of crime by creating opportunities while at the same time creating spots of
reduced guardianship by reducing visibility.
Poor visibility

All the locations that were visited had areas where visibility was challenged. The boundaries between public and
private places were divided by long stretches of high walls
or fences mostly without windows or other features that
could offer signs of occupancy or which could deter
crime. In the residential areas, most households chose to
not exercise their guardianship abilities and self-restricting visibility by having fences or gates in front of their
houses, and most windows could be observed to have
closed curtains even during the day. Similarly, within the
public spaces themselves, there were features hampering
visibility, such as vegetation, badly placed crossings or
25
For example, of the 15 sites that concerned roads (including one of the
bridges), 8 were surfaced with tarmac, 4 were surfaced with cobles or brickwork, 2 with concrete and 1 (and the roads surrounding a park) were dirt
roads.
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shops and houses encroaching on the sidewalks. These
features block visibility and create blind spots which
reduce guardianship.
Restricted pedestrian mobility

The layout of the sites indicated that cars were prioritised
above pedestrians in terms of city planning. For example, narrow or non-existent sidewalks, few road crossings
and street lighting that illuminated the road rather than
the sidewalks. There appeared to be a lack of consideration for pedestrians in city planning and infrastructure
design, which contributed to the creation of opportunities for crime and the reduction of guardianship, through
the problematic infrastructure features identified above.
This reflects how the urban layout responds to the construction of space through gender relations as well as the
socio-political relationships that take place for the creation of that urban landscape.

Discussion
The fieldwork methodology presented above was
intended as an early approximation to identify locations
in the public urban space of the municipality of Corregidora where women experience incidents of VAW. The
mapping methods were adequate for selecting locations
to conduct observations and an inductive visual analysis at street level, to assess if these areas have situational
factors that may influence the perpetration of VAW. This
paper does not focus on the results of the application of
the methods, as a control sample was not used and the
possibility that these characteristics are present in other
parts of the city cannot be eliminated. However, features
that the crime literature suggests can provide opportunities for crime—including deficient infrastructure that
reduces natural surveillance, physical obstacles that hamper visibility or reduced pedestrian mobility (LoukaitouSideris 2012; Bernasco and Block 2011; Brantingham
and Brantingham 1995)—were found at the 22 locations
that were visited. These spaces can be associated with
providing opportunities for crime, regardless of the type
of violence studied. It must be noted however that the
motivations for gender-based violence have strong links
to social norms, structures and subjectivities intrinsic in
gender and other personal dimensions such as physical
appearance, sexuality, ability and religion (Parkes 2015).
And it can be argued that the normalisation and condoning of the less severe forms of violence and exclusion
have contributed to the perpetuation of VAW among different societies (Frías 2016).
This methodology differs from the exercise conducted
by San Román Tajonar and Meza de Luna (2019) in the
methods of data collection, because HHS cover a more
diverse sample of answers and therefore might lead to
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a more accurate reflection of real incidents, rather than
answers from women who can access online resources
and already have an interest in the subject. Moreover,
that study did not conduct visual analysis of the sites
or any other ground level analysis. Furthermore, this
attempt differs from the mapping exercise carried out by
the UNODC in Nuevo León (López Padilla et al. 2018) in
the types of data used and the geographic level at which
they were applied. The research carried out by UNODC
was a state-level study that relied on official, secondary
data of reported crimes. It only contemplated types of
violence that are considered crimes and were reported.
In a country where only an estimated 6.8% of crime incidents are reported at the national level (INEGI 2019b),
official data regarding VAW is not very reliable. This
research was based on a single municipality, to obtain
granular information about a specific area. The data relies
on first-hand accounts of different types of violence that
may not necessarily be considered crimes by state or
national entities, thus providing more nuanced information. Additionally, in Mexico surveys have been shown
to be more reliable sources for figures of violence of this
nature, as demonstrated by their use by the main institutions that report VAW in the country (OCNF 2018;
SEGOB et al. 2017). It would be an interesting exercise to
overlay methodologies and combine first-hand data with
top level information.
Identifying factors that increase the risk of violence and
victimization are important for the creation of intervention and prevention strategies (Johnson 2006). Chainey
and Ratcliffe (2005) recommend integrating data to
allow for a better informed and holistic view of the issue
to be presented, to identify how it can be addressed in a
multi-agency manner. In the case of this methodology,
the identification of locations could be useful for targeting resources and programmes looking to implement,
test or evaluate preventive measures or crime reduction
programmes. These measures could range from infrastructure interventions to social components aiming at
behavioural and social norm changes (Willman and Corman 2013) regarding VAW or a combination of both.
This study highlights the importance of georeferencing
crimes, particularly VAW crimes, to inform policing and
policy making at municipal level. Without this information, it is not possible to identify hotspot areas where VAW
crimes are being committed. The government of Mexico
City is an example at national level of how crime data can
be georeferenced in the country. However it is not clear
how this information is being used to inform planning or
the design of urban infrastructure at the local level.
More testing is needed in order to state with some level
of certainty that the absence of infrastructure is a significant facilitator for VAW. Nonetheless, the literature and
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this study can support the broader point that designing
spaces that include gender inclusive recommendations
can improve women’s safety in public places. Integrating
gender inclusive recommendations into urban development should address meeting women’s needs, as these
are critical for promoting sustainable and equitable urban
development that responds equally to women and men
(Whitzman et al. 2013; Khosla 2009). Failure to address
gender inequality in the urban space can lead to the
reinforcement of oppressive roles and restricted mobility. In the case of the municipality of Corregidora, each
identified cluster seemed to face different issues ranging
from lighting, sidewalk sizing to city planning. Therefore
it would be important to understand in more detail the
concerns of the neighbouring residents for the creation
of targeted programmes.
Limitations, challenges and data gaps

The data that was used for the creation of the maps was
based on notations over a surveying map available at
Kobo Toolbox. Thus the data needs to be cross-referenced and validated by overlaying it with official data,
crime statistics or other independent studies, especially
if conclusions of criminogenic areas or hotspots are to
be drawn. Additionally, some features that were recorded
during the HHS were not used for the creation of the
maps, including line features that fell within the boundaries of the municipality. The method would have been
better informed by using this data.
The calculations for creating the maps were based on
the pre-programmed density values built into the used R
package, including cell size, bandwidth or search radius
and the calculation method in itself26. The maps therefore show no statistical significance of the sites. This is
particularly troublesome as patterns may be too generalised, showing concentration levels in areas where no incidents took place or smoothing out more criminogenic
areas (Chainey and Ratcliffe 2005). Moreover, the limitations of the clustering method include its requirement
for the number of clusters to be specified in advance and
forcing all the data to be included within a cluster (Vickers and Rees 2007; Ester et al. 1996). This creates difficulties in relation to isolated data points which may skew
the results of the overall heat map. These limitations can
be overcome in future studies by using methods that
quantitatively weight point, line and possibly aerial data.
26
Cell size determines how fine or coarse the patterns appear. It is suggested
to set the cell size between 10 and 100 cells per density unit. Bandwidth determines the coefficient of density. There are two types of calculation methods:
(1) Simple method: counts only those features within the search radius of each
cell. (2) Weighted method: uses a mathematical function to give more importance to features beyond the search radius (Kulyk and Sossa 2018; Mitchell
1999).
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This could be achieved through the use of more complex
codes that allow for parameter manipulation (which can
be useful for giving more importance to incidents that
are considered crimes, for example), plugins included in
Geographic Information Systems (GIS) software, or more
advanced packages imported to GIS software (Bowers
et al. 2004). Experimentation with other types of clustering may also lead to improved results. For example, density-based clustering methods, like DBSCAN could be
used, which allow for the identification of clusters with
arbitrary shapes and ignore noise (Ester et al. 1996). The
intent of this study was not to establish statistical significance of hotspots but rather to provide an overall view
of where violence may be taking place, particularly where
no other data is available, in circumstances where quick
results are needed or there is lack of resources.
Further analysis and testing of the methodology (which
include incorporating a control sample) is needed to
understand whether the features of the urban built environment identified during the site visits have a correlation with the perpetration of VAW. However, the findings
suggest there could be an influence on crime occurrence, as infrastructure features providing opportunities
for crime were found in all the visited locations. A final
limitation of this study is that despite calculating a geographically random sample, it was not possible to represent the experiences of every woman in the municipality.
The experiences of women living in periurban areas may
have been overlooked by not including neighbouring
rural areas of the city. According to the maps used for the
sampling of this study (INEGI 2015a), the urban Agebs
cover only 12.2% of the extent of the municipality. The
implications of not including Agebs considered rural may
mean that some neighbourhoods or communities, and
the experiences of the women living there, that are now
part of the periurban areas due to the urban sprawl were
not considered. More studies are needed to integrate
the experiences of women living in different parts of the
urban environment.

Conclusions
The methodology presented in this paper was useful to
support the rapid identification of pockets of locations
where women appeared to be more vulnerable to gender violence in the streets of Corregidora in Querétaro,
Mexico. The heat maps generated with household data
were useful for identifying locations to conduct structured observations and inductive visual analysis at
street level in order to understand if these areas have
additional situational factors regarding elements of the
urban built environment, such as road typology, lacking
infrastructure, physical obstacles and reduced pedestrian mobility, that may influence the perpetration of
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Violence Against Women (VAW). The methodology can
be reproduced by organisations in areas with poor crime
recording practices that have limited budgets for mapping technologies or limited expertise in Geographic
Information Systems, although it requires a basic level
of spatial reasoning and understanding of Geographic
Information, as well the ability to use a software with
integrated mapping tools. Further research on this
methodology and its application could explore in-depth
spatial analysis allowing for the advanced manipulation
of multiple variables and for the discrimination of areas
identified as relevant based on tests of statistical significance. This methodology however incorporates data
that would not have been available from official government datasets as some of the types of VAW included in
the household data may not be considered crimes and,
in any event, many crimes go unreported.

Supplementary information
Supplementary information accompanies this paper at https://doi.
org/10.1186/s40163-020-00125-6.
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datasets used for this article can be provided upon request. These datasets
include overall victimisation statistics and the coding for the methodology. If
you are interested in this documentation, please contact ucesamg@ucl.ac.uk.
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